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SOBRE 0 PERIODICO MIX SUSTENTAVEL

O Periédico Mix Sustentdvel nasceu da premissa de que o projeto englobando os preceitos da sustentabilidade é a tni-

ca solucéo possivel para que ocorra a unido entre a filosofia da melhoria continua com a necessidade cada vez maior
de preservagao dos recursos naturais e incremento na qualidade de vida do homem. A sustentabilidade carece de uma
discussao profunda para difundir pesquisas e agées da comunidade académica, que tem criado tecnologias menos de-
gradantes na dimensao ambiental; mais econdmicas e que ajudam a demover injusticas sociais a muito estabelecidas.
O periodico Mix Sustentavel apresenta como proposta a publicacdo de resultados de pesquisas e projetos, de forma
virtual eimpressa, com enfoque no tema sustentabilidade. Buscando a troca de informacdes entre pesquisadores da
area vinculados a programas de p6s-graduacao, abre espaco, ainda, para a divulgacdo de profissionais inseridos no
mercado de trabalho, além de entrevistas com pesquisadores nacionais e estrangeiros. Além disso publica resumos
de teses, dissertacdes e trabalhos de conclusdo de curso defendidos, tendo em vista a importancia da producao
projetual e ndo apenas textual.

De cunho essencialmente interdisciplinar, a Mix tem como publico-alvo pesquisadores e profissionais da Arquitetura e
Urbanismo, Design e Engenharias. De acordo com a CAPES (2013), a area Interdisciplinar no contexto da pés-graduacao,
decorreu da necessidade de solucionar novos problemas que emergem no mundo contemporaneo, de diferentes natu-
rezas e com variados niveis de complexidade, muitas vezes decorrentes do proprio avanco dos conhecimentos cientificos
e tecnoldgicos. A natureza complexa de tais problemas requer didlogos ndo sé entre disciplinas préximas, dentro da
mesma area do conhecimento, mas entre disciplinas de areas diferentes, bem como entre saberes disciplinares e nao
disciplinares. Decorre dai a relevancia de novas formas de producdo de conhecimento e formacao de recursos humanos,
que assumam como objeto de investigacao fendOmenos que se colocam entre fronteiras disciplinares.

Desafios tedricos e metodoldgicos se apresentam para diferentes campos de saber. Novas formas de producao
producao de conhecimento enriquecem e ampliam o campo das ciéncias pela exigéncia da incorporacdo de uma
racionalidade mais ampla, que extrapola o pensamento estritamente disciplinar e sua metodologia de comparti-
mentacdo e reducao de objetos. Se o pensamento disciplinar, por um lado, confere avancos a ciéncia e tecnologia,
por outro, os desdobramentos oriundos dos diversos campos do conhecimento sdo geradores de diferentes niveis
de complexidade e requerem didlogos mais amplos, entre e além das disciplinas.

A Revista Mix Sustentavel se insere, portanto, na Area Interdisciplinar (area 45), tendo como &reas do conhecimento secun-
darias a Arquitetura, Urbanismo e Design (drea 29), a Engenharia Civil (3rea 10) e, ainda, as engenharias em geral.

CLASSIFICACAO QUALIS

No quadriénio 2017-2020 a revista MIX Sustentavel esta classificada como A3 em todas as areas de avaliacdo.

MISSAO

Publicar resultados de pesquisas e projetos, de forma virtual e impressa, com enfoque no tema sustentabilidade,
buscando a disseminacdo do conhecimento e a troca de informacdes entre académicos, profissionais e pesquisado-
res da drea vinculados a programas de pds-graduacao.

OBJETIVO

Disseminar o conhecimento sobre sustentabilidade aplicada a projetos de engenharia, arquitetura e design.
POLITICAS DE SECAO E SUBMISSAO
A) Secao Cientifica

Contém artigos cientificos para socializar a producao académica buscando a valorizacao da pesquisa, do ensino e da
extensdo. Reline 12 artigos cientificos que apresentam o inter-relacionamento do tema sustentabilidade em projetos
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de forma interdisciplinar, englobando as areas do design, engenharia e arquitetura. As submissées sdo realizadas em
fluxo continuo em processo de revisao por pares. A revista € indexada em sumarios.org e no google académico.

B) Secao Resumo de Trabalhos de Conclusao de Curso de Graduacao, Iniciacao Cientifica e Pés-graduacao
Tem como objetivo a divulgacao de Teses, Dissertacdes e Trabalhos de Conclusao de Curso na forma de resumos expandi-
dos e como forma de estimular a divulgacao de trabalhos académico-cientificos voltados ao projeto para a sustentabilidade.

() Secao Mercadoldgica

E um espaco para resenhas e entrevistas (espacos de dialogo). Apresenta pelo menos duas entrevistas com profissionais
atuantes no mercado ou pesquisadores de renome, mostrando projetos praticos que tenham aplicacdes na esfera da sus-
tentabilidade. Devera ainda disponibilizar conversas com especialistas em sustentabilidade e/ou outros campos do saber.
Todas os niUmeros possuem o Editorial, um espaco reservado para a apresentacao das edicdes e comunicagdo com
os editores.

PROCESSO DE AVALIACAO PELOS PARES
A revista conta com um grupo de avaliadores especialistas no tema da sustentabilidade, doutores em suas areas de
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EDITORIAL
MIX SUSTENTAVEL voL. 10 N. 1 — EDICAO REGULAR

CHUVA, GREVE, GUERRA...

Penso que se algum dia, no futuro, os historiadores estiverem debrugados sobre nossa época, tentando compreender o século XXI, encontrardo uma quanti-
dade enorme de informacdes. Impressionados e confusos, eles irdo se debater sobre os acontecimentos diversos que afetaram a nossa era e dificilmente poderao
chegar a uma conclusdo sobre qualquer assunto que seja.

Pense nisso nos trés assuntos que mais impactaram o noticidrio recente. A tragédia do Rio Grande do Sul vem claramente demonstrar que todos os
avisos sobre a questao ambiental sao verdadeiros e precisam ser levados a sério. A esperanga € que somos uma espécie muito mais reativa do que preventiva.
Em geral postergamos tudo que é possivel: aquela goteira em nossa casa, 0 artigo que precisa ser escrito para enviar a um evento, o inicio da dieta, o corte da
grama... entao talvez agora, governantes, empresdrios e a propria sociedade levem o assunto da sustentabilidade mais a sério.

0 segundo assunto € greve. Assunto sério, vulgarizado na atualidade. Tao sério que mereceu uma lei prdpria (LEI N° 7.783 DE 28 DE JUNHO DE 1989),
que afirma sobre deveres e direitos de grevistas e ndo grevistas. Contudo, o desrespeito pela individualidade mostra-se pleno, nos atos praticados de piquetes,
barricadas, ofensas e ameacas. Atos praticados por individuos que clamam por democracia e paz, mas vivem a sua prépria no¢do de ditadura e violéncia e plei-
teiam seus direitos da mesma forma que nossos avos fizeram a dois séculos atrds.

Finalizando o terceiro assunto € a guerra. O que os pesquisadores do futuro vao pensar, quando constatarem que apesar de todo avanco tecnoldgico
ainda resolvemos as nossas diferencas culturais, religiosas, ideoldgicas com armas, morte e destruicao? Serd que uma sociedade que consegue desenvolver ar-
mamentos suficientes para destruir o préprio planeta, dezenas de vezes, é realmente capaz de pensar em um “futuro comum”, como sonhado pelos idealizadores
da UNCHE de 1972, que originou 12 anos depois o conceito de desenvolvimento sustentavel?

No meio de tudo isso, para qualquer dos assuntos acima, o interessado em se informar encontrard diversas versdes, to antagdnicas quanto o dia
e anoite, 0 duro e 0 mole ou o pequeno e o grande. E pior... encontrara cada vez menos visdes centrais a isso, ou que demonstrem um certo equilibrio, em um
mundo de cada vez mais extremos, onde até o clima resolveu aderir aos excessos, uma hora muito quente, outra hora muito frio, outra hora muita chuva, outra
hora muita seca.

E neste ambiente que entregamos aos nossos leitores mais uma edicio da Mix Sustentavel, sentindo um incrivel desconforto, pela insequranca em
nosso local de trabalho, por perceber que parece que a politica e seus partidos estao acima de qualquer possibilidade de sentarmos e analisarmos uma situagao
para resolver problemas sem esperar que alguém os resolva por nés. Um desconforto maior ainda ao considerar que meio milhdo de pessoas estao sem suas
casas, passando frio e fome, sem nada, além da roupa do corpo e algumas doagdes.

A presente edicao comeca com um artigo que buscou analisar e comparar o potencial do uso da cinza de casca de arroz e da silica de casca de arroz
como material de substituicdo parcial do cimento e também a reducéo do mesmo em diferentes tracos de concreto. £ assinado por pesquisadores da UFSM e da
URL.

0 segundo artigo, também do Sul do pais, da UCS, apresenta um estudo sobre as emissdes gasosas de dois fogdes a lenha residenciais.

0 artigo 3, proveniente da UEPA, tem como proposta analisar a presenca do design em instituicdes publicas de ensino na regido amazonica quando
comparadas a outras regides do pais e para isso apresenta um mapeamento dos cursos de graduacao e pds-graduacao em design e um levantamento para
identificar grupos de pesquisa.

Da PUC-Rio, um artigo que estuda o lixo como matéria-prima no design. Aborda o estudo de um sistema de manufatura aditiva alinhado a reciclagem
distribuida considerando seus impactos, vantagens, desvantagens e possibilidades de aplicacao no cendrio brasileiro.

0 artigo 5 da UnB, é focado no Complexo Integrado de Reciclagem do DF, o os autores apontam os desafios relacionados ao conforto ambiental
interno dos galpdes, o que pode ser melhorado aplicando estratégias para a renovacdo do ar mais adequadas ao local.

Também da UnB, o sexto artigo da edicdo apresenta uma Metodologia de Avaliacao do Ciclo de Vida (ACV) em projetos rodovidrios, combinando-a
com técnicas de andlise de incertezas.

Com pesquisadores da UFPA e do IFPA, o artigo 7 da edicao apresenta um estudo voltado as certificagbes ambientais, que se apresentam como
uma possibilidade de ganho de eficiéncia na construgdo civil. 0 trabalho buscou avaliar a eficiéncia energética e hidrica de uma construcdo verde multifamiliar
residencial vertical localizada em Belém, na Amazonia brasileira.

Mix Sustentavel | Floriandpolis | v.10 | n.1| p.15-16 | MAI. | 2024



0 artigo 8 apresenta uma abordagem em cidades inteligentes. Escrita por pesquisadores da UNIVALI, o artigo mostra que o incremento de politicas
publicas voltadas ao ambiente e ecossistemas traz resultados para que a gestdo possa além da fiscalizado, ser participativa e socializadora, mediando movimen-
tos e a¢Oes sustentdveis junto a sociedade civil e ao setor privado.

0 nono artigo vem de Minas Gerais, com uma reunido de pesquisadores da UFMG, FEMEC, CEFET e UFJF, além de contribuicdes da UFES. Aborda de
forma técnica a influéncia das altas temperaturas na resisténcia a compressao de um compdsito obtido pelo rejeito de minério de ferro e cimento.

Da UFSB, o décimo artigo da edicdo mostra os resultados da pesquisa que objetivou analisar o processo de fabricacdo do adobe na drea de abrangéncia do
eixo Itabuna — Ilhéus — Uruguca, municipios localizados no Litoral Sul do Estado da Bahia, considerando os custos associados a sua manufatura (composicdo
orcamentéria).

Oartigo 11 é assinado pela equipe da UFRGS, e analisa se o diamante sintético pode ser consideravel como um produto amigével ao meio-ambiente.
Os autores concluem que o principal obstéculo a isso no momento deve-se a caréncia de transparéncia do seu processo produtivo e divulgacao de pesquisas
académicas relacionadas ao tema.

0 décimo segundo artigo vem de uma parceria entre UNISINOS e UNICAMP, onde os pesquisadores chegam a conclusdo de que € necessdria atualiza-
¢do da normatizacdo para adequacdo d novas realidades de ocupacao residencial e sugerem que as defini¢des de projeto devem ser especificas para cada clima a
fim de melhorar o conforto térmico das residéncias e a0 mesmo tempo potencializar a eficiéncia energéticas das edificacdes.

0 artigo 13 trata sobre um tema muito relevante: consumo sustentavel na sociedade atual, considerado como de suma importancia para a melhora
na qualidade de vida e para a sobrevivéncia das geracdes futuras. E assinado por pesquisadores da Universidade de Guarulhos.

0 décimo quarto artigo, da UPE, relata o assunto mais discutido atualmente, devido a tragédia climatica do RS. Os resultados obtidos mostram que
a remogdo de mais de setecentos mil quilogramas de detritos, que obstruiriam o principal sistema de drenagem, é essencial para evitar maiores transtornos as
populagdes das planicies urbanas, associados ainda as doengas de veicula¢do hidrica e a poluicdo das dguas urbanas. Vem para mostrar que embora geografica-
mente distante do ocorrido no RS, o problema parece ser bastante comum no nosso pais.

Finalizando, pesquisadores da UFSC apresentam um artigo relacionado ao tema da mobilidade urbana, outro ponto cada vez mais comum, especial-
mente nas grandes cidades. A Teoria da Affordance foi a utilizada na pesquisa, e fornece uma compreensao da interacdo transacional da pessoa com 0 ambiente,
objetivando alcangar o design integral da rua.

A edi¢do ainda traz dois resumos de dissertacdes e um resumo de tese, além da entrevista com a professora Raquel Gomes Noronha, que mostra um
pouco de sua trajetdria no campo da sustentabilidade, além da expectativa de organizar em 2025 o SDS — Simpdsio de Design Sustentdvel.

Desejamos a todos (as) uma excelente leitura,

Lisiane Ilha Librelotto e Paulo Cesar Machado Ferroli — editores.
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ARTIGOS

SUSTENTABILIDADE DE CONCRETOS COM
0 USO DE MATERIAIS ALTERNATIVOS

SUSTAINABILITY OF CONCRETE WITH THE USE OF ALTERNATIVE MATERIALS

SOSTENIBILIDAD DEL HORMIGON CON MATERIALES ALTERNATIVOS

CRISTIANE CARINE DOS SANTOS, Dra. | UFSM - Universidade Federal de Santa Maria, Brasil
PAULO VINICIUS FISCHER MARTINS | URI - Universidade Regional Integrada do Alto Uruguai e das Missdes, Brasil

RESUMO

O presente trabalho buscou analisar e comparar o potencial do uso da cinza de casca de arroz (CCA) e da silica de
casca de arroz (SCA) em misturas separadas, como material de substituicao parcial do cimento e também a redu-
¢do do mesmo em diferentes tracos de concreto. Para tanto, produziu-se um traco referéncia, e a partir dele reali-
zaram-se as substituicoes e reducdes parciais de cimento em diferentes teores. As analises permitiram identificar
qual das duas pozolanas estudadas apresentou o melhor desempenho quanto a resisténcia a compressao axial,
absorcdo de dgua, indice de vazios, massa especifica e abatimento do concreto. O estudo mostrou que quanto
maior for o indice de substituicdo de cimento por alguma das pozolanas maior serd a consisténcia adquirida
pelo concreto, perdendo a fluidez. As misturas apresentaram-se com pouca diferenca entre si quanto ao indice
de vazios, massa especifica e absorcdo de dgua. A mistura que atingiu a maior resisténcia a compressao axial
foi 0 S2 (10% de SCA), aos 91 dias de idade, com 25,23% de resisténcia a mais que o concreto referéncia, sendo
considerada a mistura com melhor desempenho. A mistura S6 (10% de SCA+10% de reducdo) foi a que mais con-

seguiu-se substituir e reduzir a quantidade de cimento mantendo assim praticamente as mesmas caracteristicas
que o traco referéncia. O estudo mostra que os tragos com SCA tiveram resultados superiores aos tragos com
CCA, também, que é vidvel a substituicao parcial do cimento por qualquer um dos dois tipos de pozolanas estu-
dadas, aumentando a resisténcia a compressao axial do concreto, conseguindo beneficios técnicos e economia
financeira, uma vez que diminui o consumo de cimento e consegue-se dar um fim adequado a esses residuos.

PALAVRAS-CHAVE

Cinza de casca de arroz; silica de casca de arroz; concreto.

ABSTRACT

The aim of the present work was to analyze and compare the potential of the use of rice husk ash (CCA) and rice husk
silica (SCA) in separate mixtures, as a partial replacement material for the cement and also the reduction of the same
in different traces of concrete. In order to do so, a reference trait was produced, and from this the substitutions and
partial reductions of cement were carried out at different levels. The analyzes allowed to identify which of the two
pozzolans studied presented the best performance regarding the axial compressive strength, water absorption, voids
index, specific mass and concrete abatement. The study showed that the higher the cement substitution rate for some
of the pozzolans, the greater the consistency acquired by the concrete, losing its fluidity. The mixtures presented little
difference between them in the voids index, specific mass and water absorption. The mixture that achieved the highest
axial compressive strength was S2 (10% SCA), at 91 days of age, with 25.23% more resistance than the reference con-
crete. However, the S6 blend (10% SCA + 10% reduction) was most successfully replaced and reduced the amount of
cement thus practically maintaining the same characteristics as the reference trace. The study shows that the traces
with SCA had superior results to the traces with CCA, also, that it is feasible the partial replacement of the cement by
any of the two types of pozolanas studied, increasing the resistance to axial compression of the concrete, obtaining
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technical benefits and economy because it reduces the consumption of cement and an adequate end to these wastes
is achieved.

KEYWORDS

Rice husk ash; rice husk silica; concrete.

RESUMEN

El presente trabajo buscé analizar y comparar el potencial del uso de ceniza de cdscara de arroz (CCA) y silice de cds-
cara de arroz (SCA) en mezclas separadas, como material de reemplazo parcial del cemento y también su reduccién en
distintas trazas de concreto. Para ello se elabord una mezcla de referencia, y con base en ella se realizaron sustituciones
y reducciones parciales de cemento en diferentes niveles. Los andlisis permitieron identificar cudl de las dos puzolanas
estudiadas presentd el mejor desempeno en términos de resistencia a la compresion axial, absorcién de agua, indice
de huecos, masa especifica y asentamiento del concreto. El estudio demostrd que cuanto mayor es la tasa de susti-
tucion del cemento por una de las puzolanas, mayor es la consistencia que adquiere el hormigon, perdiendo su fluidez.
Las mezclas mostraron poca diferencia entre ellas en términos de contenido de huecos, masa especifica y absorcién de
agua. La mezcla que logré mayor resistencia a la compresion axial fue la S2 (10% SCA), a los 91 dias de edad, con un
25,23% mds de resistencia que el concreto de referencia, considerdndose la mezcla de mejor desempeno.

PALABRAS CLAVE

Ceniza de cdscara de arroz; silice de cdscara de arroz; hormigén.
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1. INTRODUCAO

O setor da construcéo civil ¢ um dos que mais consome ma-
téria prima, causando degradacdo ambiental e ndo gerando
o desenvolvimento sustentavel do ambiente construido. Em
contrapartida, as vendas de cimento no pais atingiram 64,9
milhdes de toneladas no ano de 2021, conforme dados do
Sindicato Nacional da Industria do Cimento (SNIC, 2021). Essa
producdo excessiva causa muitos impactos ambientais, prin-
cipalmente pela liberacdo de grandes quantidades de diéxi-
do de carbono na atmosfera.

Segundo (SNIC, 2021) o cimento é o produto de uma ati-
vidade industrial integrada, obtido a partir da lavra e do be-
neficiamento de calcario e argila: sua industrializacao ocorre
mediante moagem, homogeneizacao e producéo dafarinha
(mistura crua) e posterior processamento fisico-quimico em
clinquer (cimento nao pulverizado) e respectiva moagem.

A média mundial de producado de diéxido de carbono
(CO2) na producao do cimento é de 633 kg de CO2 por to-
nelada. No Brasil para cada tonelada de cimento produzida é
liberado na atmosfera 564 kg de CO2 (SNIC, 2021).

Para garantir a qualidade do meio ambiente, muitas al-
ternativas tém sido criadas, Padua (2011) enfatiza que as pes-
quisas voltadas a utilizacao de residuos sélidos derivados da
agricultura para a producdo de argamassas e concretos tor-
nam-se cada vez mais intensas.

Souza (2008) utilizou a cinza da casca do arroz para subs-
tituir parte do cimento na confeccdo de argamassas, espe-
rando que o resultado melhorasse as propriedades fisicas
e mecanicas. Em seu estudo as argamassas ensaiadas com
CCA tiveram o comportamento mecanico superior as arga-
massas convencionais, ou seja, sem cinza de casca de arroz.

Pensando nesta proposta ambiental, o presente trabalho
visa comparar algumas propriedades mecanicas do con-
creto convencional com as do concreto com substituicdes
parciais de cimento pela cinza de casca de arroz (CCA) e pela
silica de casca de arroz (SCA), e também com a reducao par-
cial do cimento. Observando o comportamento do mesmo
quanto as alteracdes nas propriedades mecanicas como are-
sisténcia a compressao axial e o indice de absorcao de dgua
de cada traco, para definir qual mistura de concreto tera o
melhor desempenho.

2. A UTILIZACAO DA CINZA DE CASCA
DE ARROZ E SILICA DE CASCA DE ARROZ

2.1 Destino das cinzas de casca de arroz

De acordo com Santos (2006), a cinza de casca de arroz
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origina-se da queima da casca de arroz pela producao
de energia calorifica empregada, na secagem e parboili-
zacdo dos graos, nas beneficiadoras do cereal ou no pro-
cesso de geracdo de outras formas de energia, como, em
usinas termelétricas, energia elétrica, ou ainda, de proces-
sos de calcinacdo para obtencao de silica com alto teor de
pureza. Segundo Pouey (2006), a quantidade de cinza de
casca de arroz gerada com a queima corresponde a 20%
do volume da casca de arroz. A destinacdo desse residuo
sao os aterros sanitarios.

Para a diminuicdo e reducdo de residuos destinados
a aterros sanitérios a Lei Federal 12.305/2010 criou uma
politica nacional de residuos onde deve ser seguida uma
ordem no que diz respeito a producdao dos mesmos, com
afinalidade de evitar ao maximo a geracao de residuo, as-
sim, somente sera destinado a aterros sanitarios o produ-
to que ndo tem viabilidade econémica, seguindo a ordem
hierdrquica de nao geracao, reducdo, reutilizagao, recicla-
gem, tratamento e entdo disposicao final.

Visando a diminuicao do residuo a ser destinado a
aterros sanitdrios surgiram estudos para a utilizacdo da
CCA na substituicao parcial do cimento na composicdo
de concretos e argamassas, devido a mesma conter um
elevado teor desilica. A silica ¢ uma combinacdo de silicio
e oxigénio na forma SiO2. A cinza da casca de arroz pode
conter até 15% em peso de carbono. Se o aquecimento
for promovido com a finalidade de eliminar este carbono
residual, pode-se obter aproximadamente 95% de silica
pura com uma area superficial especifica de 10 m2/g e
particulas com um tamanho em torno de 20 um gerando,
assim, um produto com maior valor agregado (FOLETTO,
2005).

Segundo o Sindicato Nacional da Industria do Cimento
(2018), em média, a producdo do cimento mundial gera
cerca de 800 kg de CO2 por tonelada de cimento produ-
zido, logo a pequena parcela de cimento que possa ser
substituida por CCA vem ao encontro com as razdes eco-
I6gicas diminuindo a degradacdao do meio.

2.2 A CCA e a SCA como substituicdo parcial ao
cimento

Segundo Mehta e Monteiro (2014), o concreto tem trés
motivos que o tornam fundamental na engenharia. O pri-
meiro é o fato de conseguir moldar o concreto em diver-
sas formas. O concreto fresco possui plasticidade e é pos-
sivel molda-lo em diferentes moldes. Em poucas horas
0 concreto cura, tornando uma massa rigida e podendo
retirar as formas. O segundo € a resisténcia do concreto a
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agua, pois ao contrario de madeiras e aco, por exemplo, o
concreto ndo deteriora em contato com a mesma. O ter-
ceiro motivo para o uso de concreto é a facilidade com
que é disponivel na obra.

Materiais pozolanicos sdao materiais silicosos ou silico
aluminosos que, sozinhos, possuem pouca ou nenhuma
atividade aglomerante, mas, quando moidos e na presen-
¢a da 4gua, reagem com o hidréxido de calcio para formar
compostos com propriedades aglomerantes. As pozolanas
podem ser naturais ou artificiais, como, cinzas volantes e
argilas calcinadas. Esses materiais tém trés classificacoes:
Classe N, pozolanas naturais e artificiais, como certos ma-
teriais vulcanicos de cardter petrogréfico acido, terras
diatomaceas e argilas calcinadas; Classe C, Cinza volante
produzida pela queima de carvdo mineral em usinas ter-
moelétricas; Classe E, pozolanas que nao se enquadram
nas classes anteriores, como a CCA. A norma que rege es-
sas classes é a NBR 12653: 2015 — Materiais pozolanicos —
Requisitos (ABNT 2015).

As adi¢bes minerais no concreto sao de muita impor-
tancia e trazem efeitos benéficos devido a reducéo da po-
rosidade das pastas, isto é tamponam os poros capilares,
distribuem de forma mais homogénea os produtos de hi-
dratacdo do cimento em relagao ao concreto convencional
(MEHTA e MONTEIRO, 2014). A reducao da porosidade pro-
porciona uma caracteristica fundamental ao concreto, uma
vez que o0 mesmo adquire caracteristica de menor perme-
abilidade a fluidos, isto esta relacionado com as alteracoes
fisicas (filer) e quimicas (pozolanas) do processo de hidrata-
¢ao dos aglomerantes.

Com o elevado consumo de cimento para a producao
do concreto, vem sendo estudado o aproveitamento de
cinzas de casca de arroz como adi¢des minerais. Essas cin-
zas possuem propriedades pozolanicas, quando moidas e
em presenca de umidade, reagem quimicamente com o
hidréxido de calcio gerando compostos mais densos e me-
nos soluveis (FOLETTO, 2005).

A CCA é uma pozolana que melhora tanto pelo efeito fi-
ler quanto pelo efeito pozolanico algumas propriedades de
argamassas e concretos. As principais reagdes quimicas sao
com o hidréxido de célcio (CH), onde reage quimicamente
e precipita na forma de Silicato de Calcio Hidratado (C-S-H),
ou seja, modifica-se de material pouco resistente para um
material muito resistente e aderente. Com esta reacao, é
possivel produzir um concreto mais econdmico, com baixo
calor de hidratacao, mais resistentes com baixa porosidade
e com resistividade elétrica maior, mais duravel frente a va-
rios meios agressivos (SILVA, 2006).

Através da queima da casca de arroz com temperatura
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controlada origina-se a silica de casca de arroz, que possui
propriedades fisicas e quimicas diferentes da CCA. A tem-
peratura de queima é o que determina a reatividade da
CCA, pois, através dela sera definido o teor de silica amorfa.
Quanto maior a temperatura e o tempo de exposicao a ela,
menos reativa sera a cinza obtida. (WEBER 2001). Para a ob-
tencao da silica, com a CA, além da simples combustao, a
silica pode ser obtida através do processo de tratamentos
fisico-quimicos da casca de arroz (POUEY, 2006).

Aintroducdo de CCA para a producao de concretos e ar-
gamassas nao prejudica propriedades importantes de fun-
cionalidades como: tempos de inicio e fim de pega, expan-
sibilidade e retracdo por secagem (AKASAKI et al., 2005).

No estudo de Dalcin (2016), pode-se concluir que no
que tange a reologia no estado fresco foi possivel observar
que com o aumento da substituicdo de cimento por cinza
de casca de arroz houve piora das caracteristicas de fluidez
e habilidade passante do concreto, porém, conseguiu-se
manter as caracteristicas de concreto auto adensavel, isso
se deu pelo fato de aumentar a coesao e a viscosidade do
concreto no estado fresco quando comparado ao concreto
de referéncia.

Ja Tiboni (2007) estudou a confeccdo de concretos com
adicdo parcial de cinzas de casca de arroz oriundas das ter-
melétricas da industria de beneficiamento do arroz como
adicdo mineral em concretos duréveis. O resultado obtido
com o uso da cinza de casca de arroz para substituir parte
do cimento mostrou-se vidvel, além de ser ecologicamente
correto.

Segundo Silva (2004) o uso de CCA em concretos e ar-
gamassas mostram aumentos significativos na resisténcia a
compressao axial, para dosagens de 5 e 10% de CCA. Onde
se conseguiu um ganho de resisténcia de 24% para concre-
to e de 28% para argamassas.

3 MATERIAIS E METODOS

O presente trabalho foi desenvolvido através de pesqui-
sas bibliograficas e ensaios laboratoriais. Nas pesquisas
bibliograficas foram buscados materiais publicados sobre
assuntos que tratavam da sustentabilidade e viabilidade
de concretos com substituicdo do cimento por algum tipo
de material pozolanico. Com as atividades em laboratério
averiguou-se a melhor dosagem do concreto para as pro-
priedades analisadas quando se utiliza CCA e/ou SCA como
substituintes parciais do cimento.

A pesquisa ocorreu no Laboratério de Materiais e
Construcao Civil da URI - Universidade Regional Integrada,
Campus de Frederico Westphalen.



3.1 Caracterizacao dos materiais utilizados
3.1.1 Caracterizagdo dos agregados

O agregado graudo empregado na pesquisa foi a brita
basaltica, onde segundo a NBR NM 248:2003 Agregados
- Determinacdo da composicao granulométrica. Rio de
Janeiro 2003, é classificada como brita 1 (um). E o agre-
gado miudo, uma areia quartzosa bem graduada, encon-
trando-se na zona utilizavel - limite inferior.

3.1.2 Determinag¢do da massa especifica apa-
rente e massa unitdria dos agregados

A massa especifica é a densidade do agregado sem ne-
nhum vazio, ou seja, ndo inclui poros permedveis e ndo
possui espagos entre os graos. A massa especifica se da
pela divisdao da massa pelo volume. J4 a massa espe-
cifica aparente é a relacdo entre a massa do agregado
seco e seu volume, incluindo os poros permeaveis a
4dgua (NBR NM 53,2009).

A ABNT NBR NM 53:2009 - Agregado graudo -
Determinacao da massa especifica, massa especifica apa-
rente e absorcdo de dgua, recomenda o ensaio para os
agregados graudos e a ABNTNBR NM 52:2009 - Agregado
miudo - Determinacdo da massa especifica e massa espe-
cifica aparente para agregados miudos.

A determinacdo da massa unitaria de agregado se da
pela razao entre a massa de um agregado lancado em
um recipiente e o volume deste recipiente. A massa uni-
taria tem grande importancia, pois é por meio dela, que
se podem transformar as composicdes das argamassas e
concretos dadas em peso para o volume e vice-versa. A
NBR NM 45:2006 — Agregados - Determinacdo da massa
unitaria e do volume de vazios é quem rege esse ensaio.
A Tabela 01 a seguir mostra o resultado da caracterizacao
fisica dos agregados.
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3.2 Materiais cimenticios

O cimento utilizado foi o CP V-ARI da empresa ITAMBE, esse
cimento Portland tem um grau de moagem elevado que
proporciona uma reatividade em baixas idades e uma alta
resisténcia inicial. Escolheu-se este tipo de cimento devido
a auséncia de adi¢des minerais em sua composicao, permi-
tindo uma melhor anélise da influéncia das pozolanas estu-
dadas nas misturas de concreto. As caracteristicas quimicas
do material estdo disponiveis na pagina virtual da empresa,
e foram adaptadas na Tabela 02.

COMPOSICAO MEDIA
AL203 43%

Si02 18,96%
Fe03 2,95%

(€]0] 60,76%

Mg0 3,26%

S03 3,18%
Perda ao fogo 3,45%
(a0 Livre 0.75%
Residuos insoldveis 0.72%
Equiv. Alcal. 0.68%

Tabela 02: Composicdo quimica do cimento Porthand CPV-ARI.
Fonte: autores.

A CCA que foi utilizada é um residuo originado da Usina
Termelétrica da CAAL (Cooperativa Agroindustrial Alegrete
LTDA) onde esta projetada para gerar até 3,8 MWh através
do consumo médio de 81t/dia de casca de arroz. Sdo gera-
das diariamente cerca de 10 toneladas de cinzas. As cinzas
que resultam da combustao da casca de arroz apresentam
uma composicao baseada em 96% de silica, podendo esta
apresentar diferentes formas cristalinas ou amorfas.

A caracterizacdo quimica da pozolana foi realizada
no laboratorio ECONSULTING (Laboratorio de Gestdo
Ambiental e Higiene Ocupacional) no ano de 2015. Os da-
dos sdo apresentados na Tabela 03.

Tabela 01: Caracteristicas fisicas dos agregados.
Fonte: autores.

Agregados
Caracteristicas Fisicas
Miudo Graudo PAR METROS RESULTADOS
Matéria organica 9.90%
Massa especifica 2.59 g/cm’ 290 g/cm? J -
(inzas 89.60%
i .50
Absorcdo de dgua - 0.47% Umidade 0.50%
pH 8.89
Massa Unitaria 1.68 /cm’ 176 o/cm? Tabela 03: Propriedades quimicas da cinza de casca de arroz.
009 09 Fonte: autores.

Conforme a classificacdo do residuo pela NBR 10004:
2004 - Residuos sélidos — Classificacdo, a amostra foi
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definida como sendo residuo néo inerte Classe IIA.

A Silica utilizada é proveniente da queima controlada
da casca de arroz em sistema de combustao via leito fluidi-
zado pela SILCCA NOBRE, silica da casca de arroz da cidade
de Alegrete RS. A Tabela 04 apresenta os dados obtidos em
relagado as propriedades fisico-quimica deste material.

PARAMETROS RESULTADOS
Diametro Médio <8,0pm
pH <10.0
Perda ao Fogo <3.5%
Densidade aparente 550-600Kg/m’
Area especifica B.ET. 20.000 m*/Kg
Umidade <3%
Teor de silica Amorfa > 95%
Massa especifica 2,16 g/em?
Coloragéo Cinza Claro

Tabela 04: Propriedades fisico-quimica da silica de casca de arroz.
Fonte: autores.

A SCA apresenta um elevado teor de silica onde é clas-
sificado como sendo uma pozolana classe E, possui um
teor de silica amorfa maior que 95%, superior ao minimo
de 50% exigido para ser uma pozolana. Apresenta uma
perda ao fogo menor de 3,5%, inferior ao limite maximo
exigido pela norma ABNT NBR 12653: 2015 - Materiais po-
zolanicos - Requisitos.

3.3 Dosagem do concreto e misturas

Foi elaborado um traco de concreto referéncia calculado
em massa e tomado como base a sua resisténcia a com-
pressao axial e absor¢do de dgua, para ser comparado
com as demais misturas estudadas. Os tracos com substi-
tuicdo e reducao de cimento por CCA e SCA seguiram as
dosagens como demonstra a Tabela 05.

Para a producao das diferentes misturas de concreto
manteve-se a mesma relagao agua/materiais cimenticios
do concreto referéncia, essa relacao foi definida através
do ensaio de abatimento quando o mesmo atingiu 87
mm. Considerando que o tempo de mistura influencia di-
retamente no abatimento do concreto com substituicdo
parcial de CCA ou SCA, registrou-se o tempo de mistura
em betoneira do traco referéncia e manteve-se o mesmo
tempo de mistura para os demais tragos em andlise.

A dosagem do concreto referéncia foi de modo empiri-
co na relagao 1:5, onde para cada uma unidade em massa
de cimento utilizou-se 5 unidades em massa de agregados.

Para que o concreto tenha uma boa trabalhabilidade
e consiga ser lancado e adensado adequadamente sem a
segregacao do agregado graudo é preciso um teor ideal
de argamassa. O teor de argamassa utilizado foi de 55%,
ou seja, 55% da massa total da mistura (cimento, agrega-
do miudo e graido).

Assim, definiu-se o traco referéncia, em massa de 1:
2,3: 2,7; 0,49 (cimento: agregado miudo: agregado grau-
do: relacdo dgua/materiais cimenticios). A composicao
dos demais tracos esta representada na Tabela 06.

Nomenclatura Traco unitario
de cada trago Cimento: Pozolana: Areia: Brita: Agua
TR 1:0:2,3:2,7:0,49
a 0,95:0,05:2,3:2,7:0,49
Q 0,90:0,10:2,3:2,7:0,49
a 0,90:0,05:2,3:2,7:0,49
(CA
(@ 0,85:0,10:2,3:2,7:0,49
&) 0,85:0,05:2,3:2,7:0,49
() 0,80:0,10:2,3:2,7: 0,49
S1 0,95:0,05: 2,3:2,7: 0,49
S2 0,90:0,10:2,3:2,7:0,49
S3 0,90:0,05:2,3:2,7:0,49
SCA
S4 0,85:0,10:2,3:2,7:0,49
S5 0,85:0,05:2,3:2,7:0,49
S6 0,80:0,10:2,3:2,7: 0,49

; Substituicao Substituicao
Red ucao CCA SCA
de
cimento 5% 10% 5% 10%
TR/Traco | oo, a Q 51 52
Referéncia
5% a “4 S3 S4
10% € 6 S5 S6

Tabela 05: Percentuais de substituicao de CCA e SCA.
Fonte: autores.
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Tabela 06: Composicdo dos tracos em massa a serem analisados.
Fonte: autores.

4, RESULTADOS E DISCUSSOES
4.1 Ensaio de Consisténcia do concreto

A Figura 01 a seguir mostra o resultado do ensaio de
consisténcia pelo abatimento de tronco de cone realiza-
dos em todos os tracos.

A partir dos ensaios de abatimento do tronco de
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Figura 01: Consisténcia pelo abatimento de tronco de cone.
Fonte: autores.

cone verifica-se que tanto com a substituicdo das po-
zolanas quanto com a reduc¢do do cimento nos tragos
em andlise fez com que o concreto perdesse fluidez e
ganhasse viscosidade, os tracos apresentaram-se com
aumento da consisténcia, assim diminuindo os valores
de ensaio. O traco C1 foi o que teve o maior abatimento,
com um ganho de 3,45% no abatimento quando com-
parado com o T.R. Ja o traco C6 foi o que apresentou
menos abatimento quando comparado com o T.R. teve
uma perda de 68,96 % em seu abatimento. Dalcin (2016),
ja tinha previsto em estudo que quanto maior a substi-
tuicdo de cimento por alguma das pozolanas os tracos
tornam-se mais denso, devido as pozolanas absorverem
mais dgua que o cimento e também pela reducédo da
porcdo do mesmo.

No estudo de Cordeiro et al (2009) onde analisou a in-
fluéncia da CCA em diferentes proporcoes em concretos
convencionais e em concretos de alta resisténcia obteve
uma reducdo dos valores de ensaio de abatimento em
todos os tracos em anadlise. Cordeiro et al (2009) atribui
essa reducdo do abatimento devido a CCA ter elevada
area superficial, necessitando assim de mais agua para
envolver a particula.

As Figuras 02 e 03 mostram a diferenca de abatimen-
to de tronco de cone entre 0 T.R. e 0 C6, traco que obte-
ve-se 0 menor valor de ensaio.

4.2 Ensaio de absorcao de agua, indice de va-
zios e massa especifica

Foram feitos os ensaios de absorcdo de agua, indi-
ce de vazios e massa especifica como recomenda a
NBR 9778:2009 Argamassa e concreto endurecidos
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Figura 02: Ensaio de consisténcia pelo abatimento do tronco de cone do T.R.
Fonte: autores.

Figura 03: Ensaio de consisténcia pelo abatimento do tronco de cone do C6.
Fonte: autores.

- Determinacdao da absor¢dao de 4dgua por imersdo -
indice de vazios e massa especifica. A Figura 04 mostra
os valores obtidos com o ensaio de absorcao de dgua.

Mix Sustentavel | Floriandpolis | v.10 | n.1| p.17-28 | JAN | 2024



Sustentabilidade de concretos com o uso de materiais alternativos | C. C. dos Santos; P. V. F. Martins.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.17-28

6,00

=l
L

e

1
847464647

el
—

Ln

500 44 44 145 a4 a1

gua (%)

2
d

2,00

1,00

Ahzorgio de

0,00

B

[

Tragos
Figura 04: Ensaio de Absorcao de dgua.
Fonte: autores.

A partir do ensaio de absorcdo de dgua conseguiu-se
analisar que com excecdo dos tracos C4 e S6, os demais
tracos tiveram um aumento no teor de absorcao de agua.
O traco C4 manteve-se no mesmo teor de absorcao de
agua do T.R. e 0 S6 mostrou-se com uma reducao na ab-
sorcdo de agua. O traco S4 foi o que mais absorveu agua
comparado com o T.R. teve um aumento de 19,37 % na
absorcdo de agua. O traco S6 foi o que menos absorveu
agua comparado com o T.R. teve absorcao de dgua 7,43 %
a menos que o T.R. Na média geral os tracos tiveram um
aumento de absorcao de dgua de 5,74 %.

O fato de ocorrer um aumento na absorcdo de agua
segundo Bezerra et al (2011), provavelmente, se deve a
grande quantidade de agregado miudo na constituicao
dos tracos, favorecendo um indice maior de vazios, ja que
também teve reducdo na porcao de cimento.

Nascimento (2002), analisando concretos com substitui-
c¢ao de 5% e 10 % de CCA, curados em camara Umida por
91 dias, constatou que, os valores de absorcao sao ligeira-
mente superiores aos valores dos concretos de referéncia.

No estudo de Oldra (2015), onde estudou tracos com
3,5 e 10 % de substituicdo de cimento por CCA e avaliou
o indice de vazios, massa especifica e absorcao de dgua
dos tracos aos 28, 56 e 90 dias de idade, pode concluir
que aos 28 dias de idade a absor¢do de agua do traco com
10% de substituicao de cimento por CCA era maior que ao
seu traco referéncia. Ja aos 90 dias de idade todas as suas
amostras encontravam-se com absorcao de 4gua menor
ao seu traco referéncia. Segundo Oldra (2015) isso se jus-
tifica pelo fato da pozolana levar mais tempo para reagir
quimicamente e ao final de 90 dias adquirir uma mistura
mais densa tornando-a menos porosa.

Os ensaios de indice de vazios estao representa-
dos na Figura 05.
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Figura 05: indice de vazios.
Fonte: autores.

Analisando os ensaios de indice de vazios de cada tra-
¢o pode-se observar que o traco S6 teve uma reducdo de
vazios comparado com o T.R.,, porém, os demais tracos
mostram-se com um teor maior de vazios que o T.R. O S6
teve uma reducao de 1,80% de vazios quando comparado
com o T.R., O traco C1 foi o que mais apresentou vazios,
teve um aumento de 20,16% de vazios quando compara-
do com o T.R. Em média obteve-se um aumento nos va-
zios de 10,32% comparado com o T.R.

Como citado anteriormente, para Bezerra et al (2011)
a reducdo na porcdo de cimento e consequentemente
a maior quantidade de agregado miudo na constituicao
dos tracos favorecem um maior indice de vazios. Oldra
(2015), em estudo de concretos com substituicao parcial
de cimento por CCA mostra que aos 28 dias de idade a
sua mistura com 10 % de substituicao de cimento por CCA
apresentou indices de vazios maiores que o traco referén-
cia, ja aos 90 dias todos os seus tragos com substituicao
tiveram menor indices de vazios que o traco referéncia,
devido a CCA ter reacao quimica diferente a do cimento.
O autor ainda afirma que o tempo de cura do concreto
influencia no indice de vazios e na absorcao de dgua do
mesmo, quanto maior o tempo de cura, menor o indice
de vazios e menor a absor¢do de agua.

Os resultados dos ensaios de massa especificas estao
representados na Figura 06 a seguir.

Comparando os ensaios de massa especifica de cada
traco pode-se observar que apenas o traco S4 manteve-
-se com a mesma caracteristica que o T.R., ou seja, 2,51
g/cm? os demais tiveram um aumento médio de 5,97%
nas suas massas especificas quando comparadas com o
T.R. Os valores obtidos podem ser justificados pelo fato
das adi¢cbes minerais agirem na mistura tornando-a mais
densa (BEZERRA et al., 2011).

Entre os dois primeiros ensaios indice de vazios e
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Figura 06: Massa especifica.
Fonte: autores.

massa especifica pode-se perceber que nao houve uma
variacdo significativa entre as duas pozolanas estudadas.

4.3. Resisténcia a compressao axial

Serao apresentados na Figura 07 a evolucdo da resisténcia
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Figura 07: Média da compressao axial dos tracos aos 7, 28 e 91 dias.
Fonte: autores.
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a compressao axial do concreto obtida com a média de trés
corpos-de-prova para as idades de 7, 28 e 91 dias, que fo-
ram ensaiados segundo recomendac¢des da NBR 5739: 2007
Concreto - Ensaio de compressao de corpos-de-prova.

Tomando como base a resisténcia a compressao axial
aos 28 dias de idade do T.R. pode-se definir que:

- Os tragos C4 e C6 nas idades de 91 dias ndo atingiram a
resisténcia do T.R. aos 28 dias.

- Os demais tracos aos 91 dias de idade apresentaram
resisténcia maior ou igual a do T.R. aos 28 dias de idade.

Na Figura 08 estao apresentados os resultados de resis-
téncia a compressdo axial de todas as misturas estudadas
em porcentagem tomando como base a resisténcia do T.R.

Ao analisar-se todas as resisténcias a compressao axial
dos tracos percebemos que a resisténcia nao é proporcio-
nal ao teor de substituicdo de pozolanas, o que vem de
encontro com o estudo de Ludwig (2014) que em seu es-
tudo substituiu cimento por CCA em teores de 3, 5 e 7%,
e comparou com um traco referéncia. Constatou que os
tracos de 3 e 7% tém maior resisténcia a compressao axial
que o traco de 5% de substituicdo de cimento por CCA.

TR C1 51 C2 C3 53 C4 54 C5 85 ] 56

m28 dias m91 dias

62,4

50,5

394|‘ | 4|‘ 369 || 36 6||

51,8

m 91 dias Média

Figura 08: Porcentagem da resisténcia a compressao axial tomando como referéncia a resisténcia aos 28 dias do T.R.

Fonte: autores.
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Para Bezerra et al (2011), o aumento da resisténcia em
idades mais avancadas pode ser atribuido, a reacdo da
CCA com o hidréxido de célcio formando o C-S-H, mate-
rial resistente e estavel, que favorece o aumento da resis-
téncia (reacao pozolanica). Para Malhotra e Metha (1996),
0 bom desempenho de tracos com CCA é explicado pelo
fato de haver preenchimento dos vazios da argamassa,
denominado efeito filler, aumentando o empacotamento
das particulas e diminuindo, assim, os vazios, favorecen-
do positivamente a resisténcia a compressao simples.

Aos 91 dias de idade os tracos S2 e S3 mostraram-se
com as maiores resisténcias, logo nesses tracos apresen-
tou-se a reacao pozolanica devido conter a silica de casca
de arroz. Essa reacao

tende a se desenvolver em idades superiores de 28
dias. (SILVA et al., 2009).

5. CONCLUSAO

O estudo mostrou que quanto maior for o indice de subs-
tituicdo e reducdo de cimento por alguma das pozolanas
maior sera a consisténcia do concreto, perdendo a fluidez
e a habilidade passante do concreto, devido as pozolanas
absorverem mais agua. Sugere-se que utilize aditivo plas-
tificante junto ao concreto para que diminua a viscosida-
de das misturas.

O ensaio de massa especifica realizado em cada tra-
¢o mostrou que o S4 (substituicdo de 10% de cimento e
redugdo de 5%) manteve-se com a mesma caracteristica
que o T.R,, ou seja, 2,51 g/cms, os demais tiveram um au-
mento médio de 5,97% nas suas massas especificas quan-
do comparadas com o T.R. Entre os ensaios de indice de
vazios e massa especifica percebe-se que ndo obteve-se
variacdo significativa entre os tracos.

Quanto aos ensaios de resisténcia a compressao axial
os tracos com silica de casca de arroz mostraram-se com
resultados ligeiramente superiores aos tracos com cinza
de casca de arroz. Com excec¢ao dos tracos C4 e C6 os de-
mais mostraram-se viaveis por adquirirem maior resistén-
cia que o traco referéncia aos 28 dias de idade. O traco
S2 (10% de substituicao de cimento por silica de casca
de arroz) teve o maior ganho de resisténcia chegando a
64,87 MPa aos 91 dias. O que corresponde a 25,23% de
resisténcia a mais do T.R. aos 28 dias, porém, com o traco
S6 (aos 91 dias) pode-se substituir um teor de pozolana de
10% e reduzir 10% de cimento, tendo a mesma resisténcia
do T.R. aos 28 dias de idade, possibilitando assim, substi-
tuir uma maior porcentagem de pozolana e consequente-
mente reduzir uma proporcao maior de cimento.
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Logo, as substituicoes de CCA e de SCA trazem be-
neficios sustentaveris, técnicos e financeiros, sendo que
substituindo CCA ou SCA parcialmente na composicao do
concreto consegue-se dar um destino adequado ao resi-
duo, o concreto tem um ganho em algumas propriedades
mecanicas e torna-se uma alternativa econémica por pos-
sibilitar a reducdo do consumo de cimento.

Para trabalhos futuros sugere-se testes maiores por-
centagens de substituicdes de cimento por pozolanas e
também reducdes na quantidade de cimento.
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ABSTRACT

The growing use of biomass for cooking and heating raises environmental concerns about atmospheric air pollu-
tion from flue gases emitting during its combustion. In this work, the gaseous emissions from two residential
wood stoves were examined. Emissions from conventional single-stage and triple-stage combustion logwood
stoves were compared using Eucalyptus grandis (EUG) and Pinus elliottii (PIE) woods as fuels. Temperature, hu-
midity, CO, CO2, total volatile organic compounds (TVOC) and formaldehyde (HCHO) content of the release gases
were determined at the outlet of each chimney. Carbon monoxide emissions were reduced in 102% and 240%,
when PIE and EUG wood logs were burned in triple-stage combustion stove. The triple combustion system
showed total volatile organic compounds and formaldehyde emissions higher than obtained in conventional
system possibly due to the mixture of both gaseous emissions with water vapor releasing during combustion.

The results indicated that the utilization of triple combustion stove with some adjustments would be beneficial
to local air quality, individual health and reduced global climate change.

KEYWORDS

Wood; combustion; gaseous emissions; residential stove; triple combustion system.

RESUMO

A crescente utilizagcdo da biomassa para cozimento e aquecimento acarreta no aumento das preocupacées ambientais
quanto a poluicéo do ar atmosférico pelos gases emitidos durante sua combustdo. Neste trabalho foram examinadas
as emissées gasosas de dois fogbes a lenha residenciais. Comparam-se as emissées de fogées a lenha convencionais
de estdgio Unico e de estdgio triplo utilizando como combustivel as madeiras de Eucalyptus grandis (EUG) e Pinus el-
liottii (PIE). Foram determinadas a temperatura, umidade, CO, CO2, compostos organicos voldteis totais (TVOC) e teor
de formaldeido dos gases liberados na saida de cada chaminé. As emissdes de mondxido de carbono foram reduzidas
em 102% e 240% quando as toras de madeira de PIE e EUG foram queimadas em fogdo de combustdo tripla. O sistema
de combustdo tripla apresentou emissées totais de compostos orgdnicos voldteis e formaldeido superiores ds obtidas
no sistema convencional, possivelmente devido a mistura de ambas as emissbes gasosas com vapor de dgua durante
a combustdo. Os resultados indicaram que a utilizagcdo do fogdo de combustdo tripla, com algumas adaptacées, seria
benéfica para a qualidade do ar local, saude individual e para redu¢édo das mudangas climdticas globais.
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PALAVRAS-CHAVE
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RESUMEN

El creciente uso de biomasa para cocinar y calentar genera una mayor preocupacion ambiental con respecto a la
contaminacion del aire atmosférico por los gases emitidos durante la combustién. En este trabajo se examinaron las
emisiones gaseosas de dos estufas de lefia residenciales. Se comparan las emisiones de estufas de lefia convencionales
de unay tres etapas que utilizan madera de Eucalyptus grandis (EUG) y Pinus elliottii (PIE) como combustible. Se deter-
mind la temperatura, humedad, CO, CO2, compuestos orgdnicos voldtiles totales (COVT) y contenido de formaldehido
de los gases liberados a la salida de cada chimenea.Las emisiones de mondxido de carbono se redujeron en un 102 %
y un 240 % cuando se quemaron troncos de madera PIE y EUG en una estufa de triple combustion. El sistema de triple
combustién presenté emisiones totales de compuestos orgdnicos voldtiles y formaldehido superiores a las obtenidas
en el sistema convencional, posiblemente debido a la mezcla de ambas emisiones gaseosas con vapor de agua du-
rante la combustion. Los resultados indicaron que el uso de la estufa de triple combustion, con algunas adaptaciones,
seria beneficioso para la calidad del aire local, la salud individual y para reducir el cambio climdtico global.

PALABRAS CLAVE

Madera; combustién; emisiones gaseosas; estufa residencial; sistema de triple combustion.
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1. INTRODUCTION

Increasing world energy demands estimated in 50%
from 2020 and 2050 (KISTLER et al., 2012) associated
with climatic effects from fossil fuel combustion are the
driving force to accelerating the need for sustainable
energy sources. Biomass has become a possible alter-
native source of energy. At around 26% of the domestic
applied thermal energy in European Union households
comes from renewable sources. Biomass combustion re-
present 98% of this total (KISTLER et al., 2012). In Canada,
every year, over 100 petajoules of energy from wood are
consumed in the residential sector, which represented
more than 7% of residential energy used (GOVERNMENT
OF CANADA, 2017). In 2018, the energy from biomass re-
presented 9% of all electrical energy generated in Brazil
(BRAZIL, 2021).

Nonetheless, biomass is generally used for cooking
and heating in several low- and middle-income coun-
tries, such as, India, China and Brazil. Globally, at arou-
nd 2.4 billion people relied on theses fuels for domestic
cooking, and this value is expected to little change until
2030. However, the incomplete combustion of biomass
fuel, usually in low-efficiency stoves, emits large amou-
nts of gaseous pollutants and particulate matter, which
can be causing various diseases (ZHAO et al., 2022).

Thereby, while wood is a potential renewable and
sustainable energy source, it is also a source of hazardous
gaseous emissions in low-efficient stoves in many hou-
seholds around the world. Residential wood combustion
contributes significantly with the urban air pollution and
gaseous particulate emissions (WIN and PERSSON, 2014).
The incomplete combustion products present in wood
smoke such as CO, CH4, particulate matter, volatile orga-
nic compounds (VOCQ), including toxic and carcinogenic
constituents, mainly polycyclic aromatic hydrocarbons,
causing environmental pollution and also global war-
ming (ZHAO et al., 2022; WIN and PERSSON, 2014).

The emissions during wood combustion depend on
fuel type, combustor type, combustion technology and
individual parameters, such as lighting the fuel and ope-
ration habits (KISTLER et al., 2012). Due to wood availa-
bility and low cost when compared to others fuels, re-
sidential wood heating probably will persist in the near
future in many parts of the world (BHATTU et al., 2019).
However, manually operated small units, such as fire-
places and stoves, are potential emitters of incomplete
combustion products (KISTLER et al., 2012). Therefore,
a development of a combustion technology improving

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.29-40

the process control and performance has become a ne-
cessity due to stringent emission legislations. The reduc-
tions of gaseous and particulate emissions from solid
fuel combustion stimulated the development of various
improved stoves in recent decades, such as downdraft
stoves, gasifier stoves, rocket stoves, catalytic stoves and
forced-air stoves (ZHANG et al., 2021).

Brazil has an economy dependent on the primary
sectors of agricultural and forestry production, explai-
ning the significant representativeness of biomass wi-
thin the national power matrix (SILVA et al., 2018). The
average production of primary energy in Brazil was
made up of 54.2% non-renewable sources and 45.8% of
renewable sources between 2006 and 2015 (SILVA et al.,
2018). The renewable sources were composed by hydro-
electric power (13.4%) and biomasses such as sugarcane
products (18.1%) and firewood (10.7%) (SILVA et al., 2018).
Biomasses come from silvicultural sector or as residues
from some agricultural production chain. The Brazilian
woody biomass is consumed directly as fuel in power
generation or as raw material in the carbonization pro-
cess of charcoal production. The Brazilian production is
mainly supplied by plantations of eucalyptus, followed
by pine wood (SILVA et al., 2018). However, in low income
households the usage of wood wastes to prepare meals
in low-effectively or primitive stoves has increasing. The
Brazilian Institute of Geography and Statistics point out
that in Brazil 14 million households used wood or coal
to prepare their meals in 2018, which represented an in-
crease of 20% when compared with 2016 (BRAZIL, 2021).

The present study compares two residential stoves
manually operated with different combustion techno-
logies. A conventional single-stage and a triple-stage
combustion logwood stoves using eucalyptus and pine
wood species as fuels. First, we characterized both wood
species used during combustion. Secondly, we evalua-
ted the effect of stove technology on the gaseous emis-
sions during the combustion cycle and compare these
emissions with those from both devices tested in this
study and literature values.

2, MATERIAL AND METHODS

2.1. Material sampling
Wood samples were obtained from a lumber industry lo-
cated at Bento Gongalves, Rio Grande do Sul, Brazil. The

Eucalyptus grandis (EUG) and Pinus elliottii (PIE) were
used as fuels in both stoves tested.
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2.2. Stove operation and gas emission

measurement

Conventional single-stage combustion and triple-stage
combustion logwood residential stoves were used. The
combustion airis provided through a grate in the bottom
of the single-stage combustion residential stove while
airflow is controlled manually via a front opening valve.
The triple-stage combustion residential stove operates
with three combustion zones. The combustion air is also
provided through a grate in the bottom (primary air), si-
milar to the single-stage combustion stove. The secon-
dary air insertion occurs by means of slits located in the
back wall, applying air at a higher temperature than the
primary air. The air is sectioned through a tube, using
the pressure difference between the external environ-
ment and the interior of the stove to insert the oxygen in
the system. The tertiary entrance the air is also inserted
behind the equipment, but as the tube is longer, it pas-
ses above the burn, thus raising its temperature optimi-
zing the combustion system. In both stoves tested the
exhausted gases leaving the stove by a chimney.

Each load consisted of around 1.5 kg of wood com-
posed by 2 or 3 wood logs sized on the average 5x5x25
cm. After setting fire to each wood sample, in each of the
evaluated stoves, 30 minutes were waited before car-
rying out the measurements, in order to provide unifor-
mity of wood burning. Measurements were performed in

quintuplicate at the outlet of each chimney. The air qua-
lity meter from Dongguan Jinlide Electronic Technology
Company, model JD-3002, was used to measure tempe-
rature and humidity of the release gases, carbon dioxi-
de (CO2), total volatile organic compounds (TVOC) and
formaldehyde (HCHO) emissions. Carbon monoxide (CO)
emission levels were measured using a CO meter from
Next Instruments, model NCO-01.

2.3. Characterization of wood

The determination of wood components, such as extrac-
tives, cellulose, hemicellulose, lignin and inorganic con-
tent were carried out in triplicate. The determination of
extractives followed the TAPPI T204 cm 97 standard using
ethanol/benzene in the proportion 1:2 v/v as extractor so-
lution. Lignin determination was performed according to
TAPPI T222 om-02 standard. The determination of cellu-
lose and hemicellulose followed the modified Van Soest
method (SILVA and QUEIROZ, 2009).

Immediate analysis of wood was carried out according
ASTM D1762 standard. Moisture, volatile matter and ash
contents were determined in triplicate. The fixed carbon
content in the samples was calculated by difference.

The thermogravimetric analysis (TGA) was performed
in oxygen atmosphere using a TGA 50 Shimadzu. The flow
gas rate was 50 ml.min-1. The temperature ranged from
25°C to 800°C with a heating rate equal to 10°C.min-1.

Biomass | Moisture | Extractives | o, 10se (%) | Hemicellulose (%) | Lignin (%) | Ash (%)
(%) (%)
Pinuselliottii | 13.16+0.25 10.29+0.73 40.89+1.54 947+2.02 25.58+1.51 0.59+0.09
This study
Eucalyptus 12.00+0.38 812070 32304156 703100 39.30-+1.34 0936006
grandis
Rowell 2005) | Pinuselliottii | - 10,30 46.00 11.00 27.00 030
Jonesetal., .
___________ + + + -
2006 Pinus taeda 36.17+2.36 B+ 2828+1.22
Rowell 005) |  Feeabtus 480 49.00 14.00 22.00 040
gigantea
Ramirez et Eucalyptus
_____ + + + + -
L 2009 obus 1.80-£0.30 62,6190 1194170 26.60+1.00

Table 01: Wood components and its comparison with others values from the literature.
Source: Authors.
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3. RESULTS AND DISCUSSION
3.1. Wood components

The chemical composition of PIE and EUG samples was
determined based on the extractives, cellulose, hemi-
cellulose, lignin and ash contents. Table 01 presented
the wood components of both wood species used in
this work and compared these results with others from
the literature. Both species presented higher moisture
content. However, some studies indicate that the mois-
ture content of air-dried wood varies from 13% to 18%
(RODOLFO JUNIOR, 2005). Higher moisture content can
reduce the temperature in the combustion chamber
due to water evaporation, which may result in incom-
plete combustion (BHATTU et al., 2019).

PIE presented higher quantity of extractives. Pinus
is a resinous wood specie, which should explain the
higher quantity of extractives in this wood when
compared to a hardwood specie. On the other hand,
the amount of extractives removed from the wood
depends on several factors, such as the species, age
and original location of the wood sample in the tree
(SHEBANI et al., 2009). The content of extractives, in ge-
neral, varies between 2-5%, but can exceed 15% in spe-
cies from tropical climates (GUO et al., 2010; MESZAROS
et al., 2007).

The higher lignin content in EUG indicates a higher
concentration of aromatic structures (POLETTO et al,,
2012) in this species when compared to PIE. The lignin
content can vary between 25-35% and, due to its com-
plex structure; its components tend to a slow degrada-
tion process, being more resistant to high temperatu-
res than hemicelluloses and cellulose (SHEBANI et al.,
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2009). Cellulose and hemicellulose contents are lower
in EUG, possibly due to higher lignin content in this
wood specie. Hemicellulose promotes the thermal de-
gradation of wood at low temperatures, while cellulose
increases its thermal stability due to its higher molar
mass ((SHEBANI et al., 2008). Based on the ash content,
EUG has a higher amount of inorganic compounds in
its constitution.

3.2. Immediate analysis results

Table 02 presented the results of immediate analysis
of both wood studied. A comparison with immedia-
te analysis results of others wood species were also
provided.

The moisture content obtained by the immediate
analysis corroborate with those obtained in wood che-
mical composition presented in Table 1. As discussed in
the previous section, the moisture content of air-dried
wood can vary between 13% and 18%, depending on
the equilibrium point obtained with the relative humi-
dity of the drying air environment (RODOLFO JUNIOR,
2005). The high content of volatile matter is typical
from biomass, as can be seen in the values obtained by
others authors in Table 2.

In general, the ash content obtained in the imme-
diate analysis are also similar to those observed in
wood chemical composition. Differences may be as-
sociated with variations in procedures for determining
ash content. TAPPI T 211 om-02 standard, used for de-
termined the chemical composition of wood, suggest
a temperature of 575+25°C for 3 h to obtain the ash
content. ASTM D 1762, used in the immediate analysis,
indicates that ash content must be obtained after 6 h

Biomass Moisture (%) Volatile matter (%) Ash (%) Fixed carbon (%)
Pinus elliottii 13.30+0.10 79.40+0.50 0.80+0.30 6.60+0.20
This study
Eucalyptus grandis 13.50+0.10 80.60+0.70 0.20+0.04 5.70+0.70
Borghetti . I
(2022) Pinus elliottii 5.25 82.17 1.01 16.82
Kumar et al., (2010) Eucalyptus globulus 5.00 89.00 0.80 5.20
Guerrero etal., (2005) Eucalyptus globulus 7.70 74.90 0.98 16.40

Table 2: Immediate analysis results and its comparison with others values from the literature.

Source: Authors.
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at 750°C. The fixed carbon content for PIE was slightly
higher than that obtained for EUG.

3.3. Thermogravimetric analysis

Figure 01 shows the weight loss curves obtained du-
ring the pyrolysis of PIE and EUG in an oxidative atmos-
phere. Both samples presented a thermal decomposi-
tion behavior typical of lignocellulosic materials.
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Figure 01: Thermogravimetric curves of PIE and EUG wood samples.
Source: Authors.

Both wood species presented a mass loss at tem-
peratures below 100°C. This behavior may be related
to the loss of accumulated water inside the wood, as
well as the volatilization of extractives. Popescu et al
(2011) determined values of moisture loss up to 140°C
for wood, where all species showed different percenta-
ges of weight loss due to the elimination of water and
extractives. During the thermal decomposition process
of wood, molecules with low molar mass suffer degra-
dation followed by formation of volatile gases such as
CO2 and water vapor (SHEBANI et al., 2009; POPESCU
et at., 2011) at temperatures that can vary between 30
and 150°C.

The wood species present three stages of mass loss,
as can be seen in Figure 1. The first stage is associated
with loss of moisture and volatilization of the extractives
and occurs up to approximately 100°C. The second may
be related to the decomposition of hemicellulose and
cellulose present in wood, as well as the slow degrada-
tion of lignin, starting at approximately 220°C and ex-
tending up to 400°C. The last stage starts at 400°C and
extends to 550°C for EUG and 650°C for PIE. At this stage,
the greatest degradation of lignin and aromatic com-
pounds formed during the degradation of the evaluated
wood species may occurs (POPESCU et at., 2011).
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3.4. Temperature and humidity of the release
gases

Figure 02 shows the temperature of the gases releasing
by chimney for both wood species evaluated in the two
types of stoves studied.
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Figure 02: Temperature of gases releasing by chimney for PIE (a) and EUG (b).
Source: Authors.

As can be seen in Figure 02, the gases from single com-
bustion logwood stove presented higher temperature
those from triple combustion logwood stove. Possibly the
triple combustion system allows an additional burning of
the combustion gases and, in this way, increases the heat
exchange in the internal environment of the furnace and,
therefore, the gases releasing the combustion chamber
with a lower temperature. When compared both wood
species, the temperature of the exhaust gases is higher for
PIE wood. This result may be associated with the resinous
characteristic of this softwood. After wood ignition, the
resin burns fast and may accelerate the burning of wood.
In addition, this behavior is also in agreement with the
higher amount of extractives obtained for PIE wood, as
presented in Table 1. Vicente et al (2018) obtained tempe-
ratures at around 50°C for gases releasing by the chimney
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in Portuguese charcoal barbecue grills. This value is simi-
lar to the mean temperature value obtained for the single
stove tested in this work.

The humidity of the exhaust gases measured in chim-
ney outlet are show in Figure 03. In general, the gases
from triple combustion system presented higher humidi-
ty those from conventional stove.
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Figure 03: Humidity of the exhaust gases from PIE (a) and EUG (b) in both stoves tested.
Source: Authors.

The higher quantities of water leaving the combustion
chamber in the triple combustion stove may indicate that
wood is more efficiently converted in carbon dioxide, wa-
terand energy. Thisimplies in a more efficient combustion
system. The secondary and tertiary air insertion burning
the volatile gases, such as CO and CH4, releasing after
wood burning. A similar result was obtained by Cardoso
and coworkers (2010). The authors observed an increased
in the humidity of the exhausted gases after burning the
gases releasing during Eucalyptus sp. combustion.

The triple combustion stove presented lower CO
emissions for both wood tested, as can be seen in Figure
4. The CO emissions were greatly reduced probably be-
cause of their higher burnout in triple combustion stove

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.29-40

with high furnace temperature and sufficient air supply
(ZHANG et al., 2021; SARAVANAKUMAR et al., 2022). In
the conventional stove CO is not totally burned. Carbon
monoxide is formed from incomplete combustion of the
fuel and is affected by several parameters such as, non-
-optimized air flow rate, insufficient residence time, non-
-perfect mixing of air and flue gas in post combustion,
among others (OLAVE et al., 2017; KHODAEI et al., 2017,
THIRUGNANASAMBANTHAM et al., 2020).
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Figure 04: (O emissions in ppm after combustion of PIE (a) and EUG (b).
Source: Authors.

There was a reduction in CO emissions for both wood
species tested during combustion in the triple combus-
tion stove. This reduction was approximately 102% when
PIE was used as fuel and reaches 240% when EUG was
tested. The reduction in CO emission might be associated
with the triple burning system. The gases released after
combustion are trapped on the combustion chamber,
which makes possible promotes a secondary and tertiary
combustion with the insertion of air in three different zo-
nes into the chamber, as showed in Figure 05.

The combustion sequence occurs in three distinct
stages. The first combustion occurs in the same way as in
single combustion stoves, where basically the primary air
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1st Zone

2nd Zone

3rd Zone

Figure 05: Side view of the combustion chamber in triple combustion stove showing the three zones of air insertion.

Source: Authors.

enters through the front of the equipment, at room tem-
perature being inserted below the wood. The second air
insertion occurs behind the equipment, applying air at a
higher temperature than the first, where basically the air
is sectioned by means of a tube, using the pressure diffe-
rence between the external environment and the interior
of the equipment to air. In the third zone, the air is also
inserted behind the equipment, but as the tube is longer,
it passes above the burn, thus raising its temperature and
making the other stages higher. So, an increased in flue
gas temperature may be ignite the volatiles released du-
ring combustion (BHATTU et al., 2019). These three steps
result in a more efficiently combustion system when com-
pared to conventional single combustion stoves. Zhang
et al. (2021) observed a reduction of 96% in CO emissions
comparing a traditional domestic stove and a proposed
stove based on three combustion technology.

The CO2 emission was higher for PIE than EUG wood,
as can be seen in Figure 06. It is also possible observed
in Figure 6 that some CO2 measurements are higher in
triple combustion system for PIE than EUG. This behavior
may be related to the subsequent burning of gases in the
three combustion zones, which results in the conversion
of carbon monoxide, and other volatile gases into car-
bon dioxide. The fuel oxidation reaction is improved and
approaches to complete combustion (SARAVANAKUMAR
etal., 2022). This result is in agreement with the reduction
of CO emission observed in Figure 04(a)

Figure 07 showed the TVOC results obtained during
the combustion of PIE and EUG. The TVOC emissions are
similar in both systems evaluated, showing small varia-
tions throughout the measurements performed. In gene-
ral, triple combustion system showed TVOC concentra-
tions higher than those obtained in conventional system,
with is an unexpected result.

Ruling out possible experimental errors, volatile
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Figure 06: (02 emissions in ppm after combustion of PIE (a) and EUG (b) in both stoves tested.
Source: Authors.

organic compounds (VOCs) are substances that may eva-
porate at low temperatures, and therefore could be lea-
ving the system through the chimney. Kiimal et al. (2019)
suggest that wet wood ignites and burns more slowly
than dry wood. So, when burning dry wood volatile mat-
teris releasing more easily than from wet wood. Therefore,
the combustion process can rapidly develop and further
combustion is limited by the supply of oxidant.

In case of a high rate of volatile matter released and
a lack of oxidant, the volatile matter cannot burn out
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Figure 07: TVOC emissions after combustion of PIE (a) and EUG (b) in both stoves tested.
Source: Authors.

despite the sufficient temperature in the combustion
chamber (KRUMAL et al., 2019). As a result, volatile mat-
ter leaves the combustion chamber without burning out
which can generate higher emission of pollutants.

The HCHO emissions obtained during the combus-
tion of PIE and EUG are shown in Figure 08. In general,
the formaldehyde concentration was higher in triple com-
bustion system, when compared to conventional system,
which is also an unexpected result. Formaldehyde is a
colorless gas with an irritating odor and high solubility in
water. HCHO is also soluble in most common organic sol-
vents, which can be explained due to its polarity (RUSSEL,
1994). As shown in Figure 03, the humidity of the gases
from the triple combustion system are higher than that
obtained from the single combustion system. Thus, given
the high water solubility of formaldehyde, it may be re-
leasing from the combustion chamber along with water
vapor, which could explain the higher HCHO content in
the gases generated in triple combustion stove.

5. CONCLUSION

The temperature of the gases emitted by the chimney in
triple combustion system is lower than that of the gases
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Figure 08: HCHO emissions after combustion of PIE (a) and EUG (b) in both stoves tested.
Source: Authors.

emitted from conventional system, possibly due to effi-
ciently burning of gases generated during combustion.
However, the humidity of the gases generated in the tri-
ple combustion system is higher than that observed in
the single combustion system. There was a reduction in
the CO content emitted between the two stoves analyzed
for the two wood species evaluated. An increase in CO2
emissions were observed in the triple combustion system,
which may be directly related to the more efficient bur-
ning of carbon in this stove. The triple combustion sys-
tem showed concentrations of TVOC and HCHO higher
than those obtained in the conventional stove. In fact, this
result was not expected, since the triple combustion sys-
tem, in theory, would provide burning of gases released
in combustion chamber. However, both TVOC and HCHO
are composed of volatile gases that may not be trapped in
the second combustion chamber of the triple combustion
stove, being expelled through the chimney. In general,
the results demonstrated that triple combustion system
is more efficient that conventional single combustion sto-
ve. However, based on the TVOC and HCHO results the
triple combustion stove still has potential for some ad-
justments, so that it may be able to demonstrate more
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positive results regarding the emission of harmful gases. JONES, PD; SCHIMLECK, LR; PETER, GF; DANIELS, RF;
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ABSTRACT

The field of design as an area of knowledge plays a crucial role in regional development. However, another con-
cept important for local development is sustainability, which encompasses economic, social, and environmental
factors. In this context, the article seeks to analyze the presence of design in public educational institutions in
the Amazon region compared to other regions of the country. Additionally, it aims to assess the approach to
sustainability within design programs in the Legal Brazilian Amazon. To achieve this, a survey of undergraduate
and postgraduate (Stricto Sensu) design programs was conducted, along with an investigation to identify rese-
arch groups, research and extension projects, and intellectual production in 2021. Statistical analysis was applied
to the collected data. The results revealed significant disparities in the presence of design in higher education
across different regions of the country. The northern region, which encompasses seven out of nine states in the
Amazon Region, had the lowest quantity of design education and research in the country. It is evident that de-
sign programs are more prevalent in regions with higher urbanization and industrialization rates, whereas the

Amazon region demonstrates a lower presence and discussion of design compared to other areas.

KEYWORDS

Education, research and extension, Amazon, university education.

RESUMO

O design como drea do conhecimento é um importante fator contribuinte para o desenvolvimento regional. No en-
tanto, outro conceito a ser trabalhado para o desenvolvimento local é a sustentabilidade, que contempla fatores
econdémicos, sociais e ambientais. A partir disso, o artigo busca analisar a presenca do design em instituicées publi-
cas de ensino na regido amazénica quando comparadas a outras regiées do pais, bem como verificar a abordagem
sustentdvel trabalhada nos cursos de design da Amazénia Legal Brasileira. Para isso, foi realizado um mapeamento
dos cursos de graduagdo e pds-graduacdo (Stricto Sensu) em design e um levantamento para identificar grupos de
pesquisa, projetos de pesquisa e extensdo e produgdo intelectual no ano de 2021, sendo aplicado andlise estatistica
nos dados coletados. Como resultado, foram identificadas disparidades significativas quanto a presenca do design no
ensino superior nas regides do pais, tendo a regido norte, a qual abrange sete dos nove estados da regido Amazénica,
0 menor quantitativo referente ao ensino e pesquisa em design no pais. Sendo perceptivel a presenca dos cursos de
design em regiées com maiores indices de urbanizagao e industrializagcao, enquanto na regiéo amazénica a temdtica
do design apresenta uma baixa presenca e discuss@o quando comparada a outras regioes.

PALAVRAS-CHAVE

Educacgdo, pesquisa e extensd@o, Amazénia, educagdo universitdria.
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RESUMEN

El disefio como campo de conocimiento es un importante factor contribuyente al desarrollo regional. No obstante,
otro concepto que debe abordarse para el desarrollo local es la sostenibilidad, que abarca aspectos econémicos, so-
ciales y medioambientales. A partir de esta premisa, el articulo tiene como objetivo analizar la presencia del disefio en
las instituciones de educacion publica en la region amazdnica en comparacion con otras regiones del pais, asi como
evaluar el enfoque sostenible aplicado en los programas de diseno de la Amazonia Legal Brasileria. Para ello, se llevd
a cabo una cartografia de los programas de pregrado y posgrado (Stricto Sensu) en disefio y se realizé una encuesta
para identificar grupos de investigacion, proyectos de investigacion y extension, y produccion intelectual en el afio
2021. Se aplicaron andlisis estadisticos a los datos recopilados. Como resultado, se identificaron disparidades significa-
tivas en lo que respecta a la presencia del disefio en la educacién superior en las distintas regiones del pais. La regién
norte, que engloba siete de los nueve estados de la regién amazdnica, presenté la menor cantidad de programas de
diseno y de investigacion en el pais. Es evidente la mayor presencia de programas de disefio en regiones con mayores
indices de urbanizacion e industrializacién, mientras que, en la region amazdnica, la temdtica del disefio se caracteri-
za por su baja presencia y escasa discusién en comparacion con otras regiones.

PALABRAS CLAVE

Educacion, investigacion, extension, Amazonia, educacion superior.
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1. INTRODUCTION

Design is defined as a professional activity responsib-
le for creating products and services aimed at meeting
the needs of the population (HSUAN-AN, 2017), with its
application geared towards promoting quality of life, as
well as improving social well-being and urban develop-
ment (PATROCINIO; NUNES, 2015). The establishment of
design in Brazil occurred in the 1940s and 1950s, during
the period of increasing industrialization and technolo-
gical expansion under President Juscelino Kubitschek
government (MANHANINI, 2019) from the perspective of
three major processes: industrialization, urbanization, and
globalization (CARDOSO, 2008), which contributed to its
establishment in Brazil.

However, the insertion of design in the university
as a university degree in Brazil occurred in the period
from 1950 to 2000, in the transition stage of the country
(GOMES et al., 2021), a moment marked by increasing in-
dustrialization and urbanization. In the 1950s are founded
the first schools and design courses, such as the Institute
of Contemporary Art (IAC) in Sdo Paulo (LONA; BARBOSA,
2020), however, this being a free course and not a gradua-
tion. The significant milestone in the establishment of de-
sign education in Brazil at the university level occurred in
1962 with the founding of the School of Industrial Design
(ESDI) in Rio de Janeiro, serving as a model for the cre-
ation of other design programs in Brazil (BURDEK, 2010).
Thus, the inclusion of design in Brazilian universities was
aimed at promoting the country's industrial development
(ANGELICO; OLIVEIRA, 2017).

While the first undergraduate design programs were
established in Brazil starting from the 1950s, the first Stricto
Sensu postgraduate programs in design emerged in the
1990s, marking the maturation of the design field in the
country, these postgraduate programs initially began in the
southern and southeastern regions of Brazil (DINIZ, 2018).
Currently, design is recognized as a distinct area of know-
ledge, classified within the broad field of applied social
sciences, specifically within the subfield of industrial de-
sign. Design programs are offered by numerous universities
throughout Brazil, with postgraduate programs overseen by
the Coordination for the Advancement of Higher Education
Personnel (CAPES) (NEVES et al., 2014), and undergraduate
programs regulated by the Ministry of Education (MEC).

The university is a space responsible for the production
of knowledge, with its three pillars being teaching, rese-
arch, and extension (AGOPYAN; ARBIX, 2022). However, its
role extends beyond knowledge production; the university
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is also responsible for addressing social, economic, political,
and environmental demands (GODDARD, 2018). Thus, it is
added to the tripod of teaching, education and extension,
social promotion, because the university has a relevant role
in regional development and acceleration of economic and
social growth in the region (HOFF et al., 2016).

Furthermore, in public universities, public education
plays a crucial role in reducing inequalities. According to
Schwaab et al. (2017), income inequality levels decrease
as educational levels rise, highlighting the need for pu-
blic policies focused on reducing educational inequali-
ties among states. In this context, public university edu-
cation generates positive effects on the local economy,
as well as, the main effects of university presence in rela-
tion to industrial innovation are geographically located
near the university (HOFF et al., 2016).

However, the presence of university education in
Brazil is still characterized by significant regional dispa-
rities. Specifically, the northern region, especially the
Amazon region, faces scarcity and limitations in terms
of resources and qualified professionals, these resources
are insufficient to meet the educational and research de-
mands. In contrast, the southern and southeastern re-
gions, which have historically benefited from social and
economic advantages, are equipped with more tech-
nological resources and professionals than the Amazon
region, as reported by Proenca and Nenevé (2004). The
Amazon region, rich in biodiversity, exposes great po-
tential for innovation. However, the region continues
to face challenges in realizing this potential due to its
considerable physical distance from academic centers in
the southeast of the country, additionally, the number of
researchers in the northern region remains below desi-
rable levels, as noted by Kuwahara et al. (2022).

Thus, the present study aims to analyze the teaching
and research in design at Brazilian public universities. For
this purpose, specific attention is given to design cou-
rses at public universities, their intellectual output, pro-
jects, and research groups. The study involves a regional
comparison of data across the country, with the goal of
understanding the profile of design in higher education
at public universities in different regions of Brazil. Special
attention is given to the northern and Amazon regions.
Furthermore, we intend to examine the sustainable
approach adopted in design courses within the Brazilian
Legal Amazon. Considering that sustainability studied wi-
thin design courses in this region can effectively contribu-
te to promoting actions for the valorization and develop-
ment of the Amazonian territory.
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2. METHOD

The present study is characterized as exploratory resear-
ch in terms of its objectives, bibliographic research, and a
survey in relation to the methods employed, with a quan-
titative nature. This research examines and analyzes data
related to teaching, research, and extension activities in
Design programs across Brazil. It includes an analysis of
undergraduate programs, Stricto Sensu postgraduate
programs, research projects, and research groups in the
field of design within public educational institutions.
Furthermore, the study investigates the area of sustai-
nability in design programs, with a primary focus on the
Amazon region, both design and sustainability are essen-
tial topics for the development of this region.

The initial step of this work involves mapping courses,
research groups, and postgraduate programs in public fe-
deral and state universities within the Brazilian Amazon
region. According to the Brazilian Institute of Geography
and Statistics (IBGE, 2020), the Brazilian Amazon encom-
passes nine states: Ronddnia, Acre, Amazonas, Roraima,
Para, Amapa, Tocantins, Mato Grosso, and Maranhao, co-
vering 64% of the Brazilian territory (COLARES et al., 2018).
Of these nine states in the Brazilian Amazon, only seven
belong to the northern region, one to the northeastern
region, and one to the central-west region of Brazil.

For data collection, primary data were collected from
the e-MEC platform of the Ministry of Education, the
Sucupira Platform, and the Directory of Research Groups.
The mapping of undergraduate courses was carried out
on the e-MEC website, with a focus on design courses at
public, federal, and state institutions. For this research, un-
dergraduate design courses covering various design areas
were specifically selected. The mapping of postgraduate
design courses was conducted on the Sucupira Platform,
focusing on courses within the industrial design area.

The mapping of design research groups was con-
ducted on the Directory of Research Groups (DGP) pla-
tform of National Council for Scientific and Technological
Development (CNPQ), specifically researching design
groups within the broader field of applied social sciences in
the area of industrial design. The DGP is utilized for the ma-
pping of Brazilian research, containing information regar-
ding intellectual production, research lines, and other data
related to research groups in Brazil (SCHWARTZMAN, 2022).

Subsequently, the data collection phase was initia-
ted, during which data were gathered from the Sucupira
Platform concerning postgraduate programs, their intel-
lectual production, and research projects in the year 2021.
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This was done to quantify the number of papers and
research projects by region in the country, as well as to
assess the intellectual production in the Legal Amazon
region in comparison to other regions of the country.
Additionally, it aimed to examine the quantity of works
focusing on sustainability in this region.

Data collection began in July 2022, starting with the
survey of the Sucupira Platform and the DGP portal. In
addition to data collection and analysis, bibliographic
research was also employed based on the results obtai-
ned from the comparison of the data collected by region.
Bibliographic research, according to Gil (2022), is resear-
ch developed based on pre-existing materials such as
books and scientific articles. The survey is characteri-
zed by the collection of data and quantitative analysis.
Therefore, this phase of the research aims to assess the
environmental and sustainable approach through the
analysis of productions and projects in the design pos-
tgraduate programs (PPGs) and research groups in the
Brazilian Amazon region. It also aims to compare resear-
ch in this region to other parts of the country.

3. RESULTS AND DISCUSSION

Design as a field of knowledge plays a significant role
in territorial development, operating in various sectors
of industry and commerce such as fashion, digital pro-
ducts, packaging, food, craftsmanship, furniture, and nu-
merous other segments. It not only influences the visual
aspect of products but also contributes to the creation
of goods and services, serving as a catalyst in the for-
mulation of development strategies linked to social well-
-being and urban development (PATROCINIO; NUNES,
2015). Therefore, design functions as a key player in the
development of products and services related to the ter-
ritory, as per SEBRAE (2015), acting as an instrument for
adding value and product differentiation.

However, the establishment of design courses across
the national territory is still closely linked to the produc-
tive sector and commerce. Consequently, the presence
of undergraduate and postgraduate programs (Stricto
Sensu) in Brazil still connected to regions with a higher
presence of industry and commerce, as well as higher
development indices. This can be observed in the graph
(Figure 01), where the northern region has a lower num-
ber of available undergraduate and postgraduate pro-
grams, while the greater availability of courses is concen-
trated in the southern, southeastern, and northeastern
regions of the country.
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Figure 01: Distribution of Design courses at public universities from Brazil.
Source: Autors.

Regarding postgraduate education (Stricto Sensu) in
design in the northern region of the country, there is a
noticeable lack of such programs in the context of design
research (Figure 2). In addition to the low number of pos-
tgraduate programs offered in this region, the only type
offered is a professional master's degree (MP), with the
number of academic master's (ME) and academic docto-
ral (DO) programs in design in this region equal to zero.
Furthermore, out of all the programs offering doctorate
degrees (9), 89% are concentrated in the south-southeast
axis of the country. In other words, of the nine programs
offering academic doctorate (DO) degrees in design, only
one is available in the northeastern region, while eight
are in the south-southeast axis of the country.
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Figure 02: Distribution of PPG's Design at public universities from Brazil.
Source: Autors.

In addition to the presence of design programs by
region, other data highlighting the limited availabili-
ty in the northern region of the country can be found
in the information registered in the DGP and Sucupira
Platform regarding research conducted in public univer-
sities such as research groups, intellectual production,
and research projects. In the search for design research
groups conducted on the DGP portal, a total of 191 re-
search groups in design were identified in public federal
and state educational institutions.
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In the search, the initial step involved examining the
overall quantity of research groups in design registered
in the broad field of applied social sciences, within the
area of industrial design. Among the identified groups,
the northern region, which encompasses seven out of
nine states in the Brazilian Legal Amazon, showed a lower
number of registered groups compared to other regions
in Brazil. Only three (3) research groups were identified in
the entire northern region, and this is a direct consequen-
ce of the low number of undergraduate and postgraduate
programs in this region.

As for the collection of research projects registered on
the Sucupira Platform, only research and extension pro-
jects were considered for this study. A total of 548 pro-
jects were identified, comprising 483 research projects
and 65 extension projects. Similar to the previous catego-
ries in terms of low quantity, the northern region of Brazil
had a total of 5 registered projects, combining research
and extension, which accounts for 0.9% of all projects re-
gistered on the platform in the year 2021.

In the category of intellectual production, considering
articles published in journals registered in the intellectual
production in the year 2021 on the Sucupira Platform, a
total of 220 articles published in that year were identified,
considering the publication of all postgraduate programs
of design in public institutions. In the northern region,
only a total of 22 articles were identified, related to the
sole postgraduate program in this region. This number of
articles is equivalent to 10% of the total articles registered
on the platform in the year 2021.

The northern region again has a low quantity when
compared to other regions of the country, with the sou-
theastern region having the highest quantity, equiva-
lent to 45% of the intellectual productions for that year.
However, in the northern region, despite exhibiting the
lowest frequency of intellectual production (10%), this
category showed a significantly higher percentage com-
pared to the other variables in the same region, which
ranged from 1% to 2%, revealing a remarkably positive
performance in terms of scientific dissemination in that
region.

From the quantitative data collection of the research
groups, intellectual production and research and exten-
sion projects, the non-parametric chi-square statistical
test of adherence was applied, for expected proportions
equal, with a significance level of 5%. It was used to assess
the distribution and frequency of a specific parameter. In
this study, the application aimed to compare the regions
of the country in terms of the quantity of research groups,
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Variables (our?try Ne F% p
Region
North 3 1,57
Research Northeast 55 28,8
Groups Southeast 58 30,37 <0.0001
South 67 35,07
Midwest 8 4,19
North 22 10
r:;(liljccttll;anl Northeast 29 13,2
(Articles in Southeast 100 45,45 <0.0001
journals) Squth 46 209
Midwest 23 10,45
North 4 0,83
Research Northeast 131 2712
Projects Southeast 175 36,24 <0.0001
South 123 25,46
Midwest 50 10,35
North 1 1,54
Extension Northeast 7 10,77
Projects Southeast 28 43,07 <0.0001
South 7 10,77
Midwest 22 33,85

Table 01: Profile of research and extension of design at the public university.

Source: Autors.

intellectual production, research projects, and extension
projects, thus generating a profile of research in design in
public university (Table 1).

In the application of the chi-square test, all variables
showed a P-value lower than the significance level, indi-
cating a significant difference in design research among
the regions of the country. The northern region of the
country has a low percentage for all the studied variables.
Hence, it is possible to observe the low index of teaching,
research, and extension in the field of design in this re-
gion of the country, and consequently in the amazon re-
gion, given that the northern region encompasses nine
(9) out of the seven (7) states of the amazon region. There
are only four (4) undergraduate programs and just two (2)
postgraduate programs dedicated to the field of design
in the Amazon region. Table 1 summarizes these data.

The low offer of design courses in public universi-
ties in the Amazon region is the result of the process of
implementing design courses in Brazil. The creation of
these courses across the national territory was due to in-
dustrialization and technological expansion in the 1940s
and 1950s promoted by the government of Juscelino
Kubitschek (MANHANINI, 2019). However, this expansion
of productive industry in Brazil is distributed unevenly
and selectively throughout the country (SILVA et al., 2020).
With the technological and industrial expansion in Brazil,
the first design courses were founded in the south-sou-
theast axis of the country, such as the Escola Superior de
Desenho Industrial (ESDI), the first design course in Brazil,
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created in the state of Rio de Janeiro.

Design is a product of three major historical processes,
according to Cardoso (2008): industrialization, urbanization
with the concentration of population in major cities, and
globalization. Therefore, the implementation of design in
a particular region is a result of industrial and technological
presence in that territory. Consequently, there is a limited
availability of design courses in the northern region of the
country, where, according to Colares et al. (2018), the states
in this region stand out economically due to plant and mi-
neral extraction, agriculture, and fishing.

The low frequency of design courses at universities in
the Amazon region, both at the undergraduate and pos-
tgraduate (Stricto Sensu) levels, specifically master's and
doctorate programs, is mainly due to the limited indus-
trial presence in this region, as the predominant econo-
mic activities are extraction and agriculture. For the South
and Southeast regions, according to the geographical dis-
tribution of industry provided by the industry portal, the
states in the South-Southeast axis of Brazil had a higher
share of the industrial GDP in 2019, regions with a greater
presence of design courses and, consequently, more rese-
arch and extension in this field of knowledge.

Another point to consider is the analysis of the sustai-
nable approach in research in the design courses in the
Amazon region. Sustainability is a growing and recurrent
theme in the field of design due to its relationship with
the industry and product development. Sustainability is
also a significant theme for the Amazon region and its
future prospects, as it aims to balance economic develo-
pment with environmental and social factors. To analyze
the sustainable approach in design research in these un-
dergraduate and postgraduate programs, the recurrence
of this theme in research groups, intellectual production,
and research and extension projects was examined.

From the search of research groups on the DGP por-
tal, where 191 research groups of design in public uni-
versities were identified, as previously mentioned, 38
research groups address sustainability as a research line.
The search used the following terms: design and sustai-
nability, eco-design, sustainable products, and design
and sustainable development. In the northern region,
out of a total of three (3) research groups in the field of
design, two (2) groups have sustainability as a research
line. In the entire Amazon region, out of a total of seven
(7) research groups, (4) four have sustainability as a rese-
arch line. In other words, more than half of the research
groups in the northern region and the Amazon region
have sustainability as a research line.



Regarding intellectual production in Stricto Sensu
Postgraduate Programs of design (PPGs), in the year
2021, out of the 220 articles registered on the Sucupira
Platform, 50 articles are from postgraduate programs lo-
cated in the Amazon region, of which only eight (8) arti-
cles mention sustainability, corresponding to just 4% of
the total articles produced in these PPGs in the Amazon
region. In research and extension projects, out of 483
research projects, only 24 projects are from PPGs in the
Amazon region, and of these, five (5) mention sustaina-
bility. In extension projects, out of 65 projects registered
on the Sucupira platform in 2021, the Amazon region had
only one (1) registered project, and this single extension
project mentions sustainability.

Therefore, the low frequency of design courses in
university in the northern and Amazonian regions, both
at the undergraduate and postgraduate levels, has an
impact on the training, improvement, and qualification
of design professionals in this region. This, in turn, leads
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to a lack of research in design, which is an important ins-
trument for the expansion of education according to the
National Curriculum Guidelines (DCN) for Undergraduate
Design Courses or Resolution No. 5, dated March 2004.
Consequently, the study highlights the greater pre-
sence of design courses and, consequently, a higher
number of research activities in the southern and southe-
astern regions (Figure 3), which, as indicated by Proenca
and Nenevé (2004), have historically and socially bene-
fited, to the detriment of other regions of Brazil such as
the northern region, which experiences a low frequency
of design courses and postgraduate programs, impacting
research and extension activities in design in this region.
The presence of public universities in the Amazonian
region is crucial since the university acts as a mechanism
for fostering the development of the region where it is
located (HOFF et al., 2017). In addition to the presence
of public universities, having design courses in universi-
ties in the Amazonian region is necessary for promoting

PROFILE OF TEACHING IN DESIGN AT
THE PUBLIC UNIVERSITIES FROM BRAZIL

%

Figure 03: Design profile at public universities from Brazil.
Source: Autors.
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regional development. This is because the field of design
serves as an enabler for creating and innovating products
and services related to the territory (KRUCKEN, 2009).
Therefore, design plays a significant role in the develo-
pment of the region through innovation and the pro-
motion of local product and service creation. Strategic
design, when employed in a specific territory, benefits
producers and consumers, adds value to territorial and
social capital, and establishes a sustainable perspective
for regional development (ARRUDA,; SILVA, 2017).

In addition to the presence of universities, another cru-
cial aspect for the development of the Amazonian region
is the teaching and practice of sustainability in universi-
ty. The concept of sustainable development is defined
as development that does not compromise the capacity
of natural resources for future generations while consi-
dering environmental, social, and economic dimensions
(CAVALCANTE et al., 2012). The concept of sustainable de-
velopment is fundamental for the Amazon region, which
boasts significant biodiversity and wealth of traditional
knowledge derived from the people of the Amazon re-
gion (BARBOSA et al., 2021). It is crucial to consider sustai-
nable use of its resources and the preservation of species
and natural habitats in the development of the region.

4. CONCLUSION

Through this study, it is possible to visualize the profile of
research and education in design in Brazil's public universi-
ties based on the number of undergraduate and postgra-
duate courses, research and extension projects, intellectu-
al production (articles published in journals), and research
groups registered in the e-MEC platform, Sucupira, and the
Directory of research groups, respectively. Considering the
collected information, regional disparities in research and
education in design in the country are evident, with the
numbers of research and education in the northern region
of the country still being low when compared to other re-
gions, such as the south and southeast.

Consequently, research and education in design in
the Amazon region also show low numbers. Thisis becau-
se, out of the nine states in the Brazilian Legal Amazon,
seven are part of the northern region. Moreover, among
these nine states, only three offer undergraduate design
courses, with just two of them having postgraduate pro-
grams, one being a master's program and the other a
professional master's program, with no doctorate pro-
grams available. Furthermore, the entire Amazon region
has only seven research groups in design registered in
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the field of industrial design. Thus, despite comprising
64% of the Brazilian national territory, the region exhi-
bits low figures concerning research and education in
design within public universities.

Thus, there is a noticeable low frequency of design-re-
lated topics in the Amazon region as a whole, as well as
the sustainability theme within the field of design in the
Amazon region. This is due to the limited availability of
design education, the low number of articles published in
journals, and the lack of research and extension projects
dedicated to these themes in the postgraduate design
programs of this region. Nevertheless, regarding resear-
ch groups, over half of the design research groups in the
Amazon region have sustainability as their research focus.

Design in the university, concerning the university's
tripod of extension, research, and teaching, exhibits signi-
ficant disparities among Brazil's regions, especially when
comparing the central-southern regions with the nor-
thern region, which encompasses most of the Amazon
region. Considering that the implementation of design in
Brazil is influenced by factors such as industrialization and
urbanization, regions with a stronger presence of industry
and services, historically and socially advantaged, tend to
have a higher number of design courses at the university
and, consequently, more research and extension projects,
research groups, published articles, and others.

Regions that rely heavily on extractive industries, agri-
culture, and fishing, such as the northern region, have
fewer design courses and, consequently, a lower number
of research and teaching projects related to design. This
includes areas like sustainable design and strategic de-
sign, which could contribute to the region's development.
Therefore, there is a need to expand design programs in
public universities in the Amazon region since the field of
design can significantly contribute to the development
and valorization of the Amazon territory.
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ARTIGOS

ADDITIVE MANUFACTURING AND
DISTRIBUTED RECYCLING: WASTE AS
RAW MATERIAL IN THE DESIGN AND
MANUFACTURE OF UTILITARIAN OBJECTS

MANUFATURA ADITIVA E RECICLAGEM DISTRIBUIDA: O LIXO COMO MATERIA PRIMA NO
DESIGN E FABRICACAO DE OBJETOS UTILITARIOS

FABRICACION ADITIVA Y RECICLAJE DISTRIBUIDO: LOS RESIDUOS COMO MATERIA PRIMA EN
EL DISENO Y FABRICACION DE OBJETOS UTILITARIOS

JOAO VICTOR CORREIA DE MELO, Dr. | PUCRio - Pontificia Universidade Catélica do Rio de Janeiro, Brasil

ABSTRACT

The first decades of the 21st century witnessed two major developments: the insertion of China into the global
supply market and the popularization of the Internet. The most diverse segments of industry were affected by an
avalanche of offers and falling prices of new machines and products, among them the Additive Manufacturing
technologies. This technology allows production on a smaller scale and at lower values than traditional methods
of producing artifacts. This connection, combined with the reuse of waste from local production, can revolu-
tionize supply chains and circularity in the development and distribution of objects. This work demonstrates
the development of an additive manufacturing system aligned to distributed recycling considering its impacts,
advantages, disadvantages, and application possibilities in the Brazilian scenario, in terms of sustainability and
circularity of the processes.

KEYWORDS

Additive manufacturing, recycling, Design, design for additive manufacturing, sustainability.

RESUMO

As primeiras décadas do século XXI testemunharam dois grandes acontecimentos: a inserc¢do da China no mercado
de fornecimento global e a popularizagédo da Internet. Os mais diversos segmentos da industria foram afetados por
uma avalanche de ofertas e queda de precos de novas mdquinas e produtos, entre eles as tecnologias de Manufatura
Aditiva. Essa tecnologia permite a producdo em menor escala e com valores mais baixos do que os métodos tradicio-
nais de producdo de artefatos. Essa conexdo, aliada ao reaproveitamento de residuos da producéo local, pode revo-
lucionar as cadeias de suprimentos e a circularidade no desenvolvimento e na distribui¢do de objetos. Este trabalho
demonstra o desenvolvimento de um sistema de manufatura aditiva alinhado a reciclagem distribuida considerando
seus impactos, vantagens, desvantagens e possibilidades de aplicacdo no cendrio brasileiro, em termos de sustentab-
ilidade e circularidade dos processos.

PALAVRAS-CHAVE

Manufatura aditiva; reciclagem; Design; Design para manufatura aditiva; sustentabilidade.
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RESUMEN

Las primeras décadas del siglo XXI fueron testigo de dos grandes acontecimientos: la insercion de China en el mercado
mundial de suministros y la popularizacion de Internet. Los mds diversos segmentos de la industria se vieron afect-
ados por una avalancha de ofertas y precios a la baja de nuevas mdquinas y productos, entre ellos las tecnologias
de fabricacion aditiva. Esta tecnologia permite la producciéon a menor escala y a valores mds bajos que los métodos
tradicionales de produccién de artefactos. Esta conexién, combinada con la reutilizacién de residuos de la produccion
local, puede revolucionar las cadenas de suministro y la circularidad en el desarrollo y distribucion de objetos. Este
trabajo demuestra el desarrollo de un sistema de fabricacién aditiva alineado al reciclaje distribuido considerando sus
impactos, ventajas, desventajas y posibilidades de aplicacién en el escenario brasilefio, en términos de sostenibilidad
y circularidad de los procesos.

PALABRAS CLAVE

Fabricacion aditiva; reciclaje; Diserio; Disefio para fabricacion aditiva; sostenibilidad.
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1. INTRODUCTION

The democratization of technology, which includes the
production of design, has a challenge for the coming ye-
ars: to get closer to the real needs of its user, aiming to
adapt to some specific purpose or use. The assimilation of
this technology by society brings a new way of producing
knowledge, and thus breaks the academic and mass pro-
duction hierarchization, aiming at the application of new
ideas and using again the tools, instruments, and artifacts,
originated from the strong correlation with the notions of
adequacy, use of natural resources, and their socio-cultu-
ral and economic appropriation.

According to McDonough and Braungart (2002), in the
contemporary world, we not only have at our disposal
several resources for the development of countless te-
chniques, but we are also aware of the growing demand
for the adoption of the current model of society that is
economically and socially more sustainable. It is neces-
sary, for example, to reduce the generation of non-biode-
gradable waste, reduce energy costs and implement the
rational exploitation of natural resources. For Veiga (2010),
the concept of sustainability is inseparable from the re-
lationship between economy and ecology. Thus, the me-
thods of use of natural resources must be balanced with
the impacts that their use entails.

2. TECHNOLOGY AS AN ALLY

The end of the 20th century brought the world two ama-
zing events: China becoming a key player in the global
supply chain and the worldwide connection from the po-
pularization of the internet. The industries, from the most
diverse areas, were shaken by a great expansion of offers
and falling prices of new machines and products, inclu-
ding 3D printing, or additive manufacturing (AM). Many
local industries have collapsed and radically changed the
way they produce. Another impact factor has been the
power of the Internet that has enabled online trading and
more niche methods of advertising and selling where the
unit cost of production did not have to meet the pressures
of scale and traditional logistics and distribution. Brought
together by these two innovations came additive manu-
facturing that allows for production on a smaller scale and
with much lower values than traditional methods of pro-
ducing artifacts made of plastic (ANDERSON, 2013, DOS
SANTOS et al., 2013; DOS SANTOS et al., 2019).

The democratization of manufacturing by making the
technology available to individual entrepreneurs and the
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general public drives the mindset shift and behavioral
changes needed to move toward more sustainable mo-
des of production and consumption (ANDERSON, 2013;
CHEN et al., 2015; KOHTALA & HYYSALO, 2015). The use
of additive manufacturing within networks of hobbyist
designers and producers serves as a pocket of knowled-
ge and creativity platforms for both AM and the Circular
Economy (CE) (DESPEISSE, et al., 2016).

2.1. Additive manufacturing, economy, and
conscious consumption

PETERSON & PEARCE (2017) demonstrate that using AM
locally results in substantial savings for each product
produced compared to its counterpart produced by tra-
ditional methods and available in current trade channels.
The study points to an average marginal cost reduction
of 93.3% and 98.7% when compared to the lowest and
highest retail values, respectively, considering manufac-
turing one product per week. Comparing the printed
objects with the equivalent lower priced product, there
was a payback time of 2.4 years. Compared to the higher
priced objects, the payback time was only 5 months. The
return on investment was 25% in year 3 and 108% in year
5 when the low-cost values were considered. Comparing
the printing costs with the high-priced commercial prices
resulted in an ROI of 552% in year 3 and 986% in year 5.

An important point in this manufacturing logic is the
growing trend of conscious consumption, a growing con-
tingent of responsible consumers are considering envi-
ronmental concerns in their purchasing decisions. By pro-
viding a means to make products, consumers develop a
high level of responsibility and become more selective in
their consumption. In addition, distributed AM represents
an environmental benefit, due to reduced material use,
transportation, and packaging disposal.

However, currently the market for AM raw materials re-
mains highly concentrated. While plastic for AM is proces-
sed into filaments by several small and large companies,
the raw material (the pellets) is supplied by a select group
of large polymer producers. This stems from the current
reality where polymer production from petrochemical
and bio-based feedstocks is capital intensive, leading to
high barriers to entry (WITTER, 2015). In these types of
markets, the minimum efficient scale for production re-
mains large (CHANDLER, 1990). This raises the question of
the technical feasibility of producing materials distributed
on a smaller scale. This is especially the case for recycled
materials, as they require large, centralized processes to
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convert mixed plastic waste into single polymers suitable
for reuse. (DESPEISSE, et al., 2016, p. 6).

2.2. Additive Manufacturing and Recycling

Recent research has pointed to an increase in the atten-
tion given to technologies that can recycle waste plastics
into AM, as well as the associated benefits. For example, a
study by KREIGER et al. (2014) found that a distributed AM
market supplied by distributed sources of recycled mate-
rials resulted in savings in embodied energy and carbon
emissions compared to supply by a centralized recycling
market when using single types of easily identifiable poly-
mers (e.g., HDPE from beverage packaging).

By linking the environmental footprint of AM to the
volume of material deposited, research suggests that
energy efficient AM processes bring about cost savings
by the technology operator that coincide with minimizing
process energy and material consumption (BAUMERS et
al., 2011). As discussed by LOVINS (1996) in the context of
energy inputs, the alignment of cost efficiency with mini-
mizing the environmental impact of the process forms an
important enabler for minimizing resource consumption
(DESPEISSE, et al., 2016)

This becomes feasible because, unlike conventional
manufacturing technology, AM is a process capable of
depositing complex product geometry in a single step of
the manufacturing process. This means that processing
and assembly activities can be limited, and very short su-
pply chains are enabled, with an additional side effect of
simplifying the measurement of resource consumption
without having to consider long and complex supply
chains (BAUMERS et al., 2013).

At the same time, these technologies could serve as
the basis for developing new sustainable value proposi-
tions. For example, companies can identify several new
sustainable ways to capture value by adopting a lean
manufacturing approach, while reducing inventories and
over-manufacturing by managing the production of spa-
re parts on demand, closer to the point of consumption
(BOGERS et al., 2016). There are also opportunities to in-
crease efficiency and create value using AM for end-of-life
parts, generating reuse cycles for worn components. The
changing relationship between manufacturers and cus-
tomers presents opportunities to transform the Circular
Economy business model with a service model that inclu-
des localized repairs. (DESPEISSE, et al., 2016, p. 11)

While the ecological benefits of distributed manufac-
turing with AM can be substantial, they can be enhanced
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using more sustainable materials. For example, distribu-
ted plastic recycling can be used to provide materials from
local waste. The environmental life cycle analysis (LCA)
conducted by BYARD, et al. (2019) on 3D printing filament
manufacturing showed that the embodied energy of 3D
printing filament could be reduced by 90% compared to
traditional filament manufacturing. The results of this LCA
study indicate that distributed HDPE recycling for rural re-
gions is energetically favorable for both virgin resin use
and conventional recycling processes. In the case study
explored, embodied energy savings of 69 to 82 percent
were found for distributed recycling compared to centra-
lized recycling (BYARD, 2019). These results provide addi-
tional support for minimizing transportation distances for
recycling to minimize environmental impact.

The concept of industrial metabolism, now widely
known as industrial ecology (GRAEDEL, 2002), emerged in
response to resource scarcity and the consequent rise in
material cost. A key principle of industrial ecology consi-
ders sources and wastes of natural resources and promo-
tes a regenerative use of resources where consumption
should not exceed the rate of regeneration. Therefore,
increasing manufacturing efficiency through process effi-
ciency and recycling is key. Reducing material waste in the
process and recycling are clear advantages with most AM
technologies (DESPEISSE, et al., 2016).

3. MATERIALS AND METHODS
3.1. Research Trough Design

The present work followed established design research
guidelines, specifically the "Research through Design"
methodology. Research through design (RtD) is a method
that utilizes design practice and design thinking, so that
creativity and a critical eye present a product develop-
ment process as a research model. In contrast to standard
design practice, where efforts are focused on producing a
commercially successful product, researchers engaged in
RtD develop proposed objects to work on carefully posed
questions (ZIMMERMAN et al., 2007).

The documentation of the design process has a pre-
ponderant role in this methodology. This practice leads
to more accurate design decisions about the object be-
cause its classification allows for later appreciations and
approaches, having the possibility to open new research
paths. Design researchers, most of the time, adopt the
double role of designers and researchers at different mo-
ments of the process. Thus, it is categorical that each step



of development is recorded in the design procedure be-
cause it will serve as a starting point not only for the next
steps of the investigation, but also as a repository for futu-
re developments (DALSGAARD; HALSKOV; 2012).

3.2. Design for Additive Manufacturing - DfAM

Additive manufacturing (AM) is a key pillar of the propo-
sed process, Design for Additive Manufacturing (DfAM)
becomes a fundamental piece as a means of developing
the work. DfAM refers to the process of designing a 3D
model or product specifically for the purpose of being
manufactured using an additive manufacturing process.
The basic principles of DfAM include understanding the
capabilities and limitations of the specific technology
being used. (TANG & ZHAQ, 2016).

A successful DfAM involves several important steps
that must be followed to ensure optimal results. First, it
is critical to fully understand the features and limitations.
This involves considering factors such as resolution, layer
thickness, and material properties to align the design pro-
cess appropriately. (LEARY, 2020)

The next step is to design the model with the process
to be used in mind. This involves considering crucial as-
pects such as orientation, support structures, and wall
thickness to optimize the manufacturability of the part.
Next, the 3D model file needs to be prepared for printing.
This includes exporting the file in the appropriate format
and ensuring proper orientation and sizing to facilitate
continuous printing.

To print the model, you need to define the appropriate
settings and parameters. Adjustments to the layer height
and fill percentage, as well as other technology-specific
settings, are critical to achieve the desired print result.

Finally, post-processing plays an important role in re-
fining the printed part. It involves cleaning and finishing
the surface, removing support structures, and performing
additional steps such as sanding and painting to improve
the final appearance and functionality.

Remember that it is critical to properly document and
store the final design, noting down the settings and para-
meters used during the printing process to ensure consis-
tent replication of successful results in future productions.

3.3. Distributed Recycling Techniques
Using new technologies to reduce energy consumption

in the AM process itself is becoming increasingly impor-
tant. There are some technologies that can be used in
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distributed recycling through AM. Two of them present
themselves as the most opportune.

The first is the same as that used in most affordable
AM processes. Called fused filament fabrication (FFF), it
operates the raw material indirectly. These filaments are
produced from virgin plastic resins or plastics discarded
by society, i.e., a pre-processing of the plastic is required.
In this technology, the discarded plastic must be ground
up and made into filaments prior to printing the parts.

The second skips a step, and instead of making the fi-
lament for manufacturing, one can directly use virgin pel-
lets (small spheres as the resins are marketed) - or flakes
of discarded materials - in a process known as FGF - fused
granular fabrication.

To deepen the understanding of the limits of each
one, this work opted to work on both paths and evaluate
their pros and cons to propose guidelines and possibili-
ties of application for each one.

Thus, a distributed recycling and additive manufactu-
ring (DRAM) cell was set up to train the team and define
the implementation and production strategies. This cell
also served as the basis for defining the project requi-
rements and constraints, which enabled basic product
development.

4. THE OBJECT

Today there is a high incidence of visually impaired peo-
ple in the world population who do not wear glasses due
to their high cost. The manufacturing of these products in
the current molds is very complex, massified and centra-
lized in industrial poles. For being a very evident object,
worn on the face of the user, it has also become a fashion
accessory, and thus has become an item of a very com-
plex universe that involves not only material costs, but
also high values linked to the intangible, such as desire.
This makes eyeglass frames in most cases more expensive
than the lenses.

Based on this fact, we realize that the development of
the frames with locally discarded material, but keeping
key design standards, brings a reduction of this cost and,
thus, a greater access to such an important item. In addi-
tion, these frames, besides having a direct impact on the
lives of people who need such orthosis, are the starting
point for a new production logic to be established.

The frames were developed to be adapted to ad-
ditive manufacturing techniques, the key technolo-
gy of the cell. The logic used was that of Design for
Additive Manufacturing. This logic, as already discussed,
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Figure 01: initial model based on market products.

Source: Authors.

optimizes the frame design to the techniques used in the
cell, allowing a higher productivity, as well as a finishing
quality, allowing the real use of the object without harm-
ful consequences to the user.

An important point in the design of the frames was
the search for the reduction of externally manufactured
elements. The more elements produced internally, the
greater the domain of the technique and the lower the
production cost. In this way, the solution for the articula-
tion between the stem and the frame itself was thought
of in such a way as not to take any material other than
plastic, and one that could be manufactured by means of
AM. In this way, we arrived at a fitting solution that allows
the opening and closing of the rods without the need for
any externally produced elements such as hinges or hin-
ges. This feature reduces the overall cost, manufacturing

Figure 02: Fitting the rod.
Source: Authors.
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time, and facilitates maintenance, since the joint allows
the replacement of any damaged part without the need
for special tools or skills, and the product can be customi-
zed, changing colors and sizes for example.

Products made by AM need very little, if any, finishing.
This is especially true when using DfAM logics. One exam-
pleis the way the frame and the stems are produced. Both
are printed flat, parallel to the printer base. This avoids
supports (support structures for printing), overhanging
parts (which reduce the final quality of the part) and redu-
ces printing time. Once ready, the parts are curved using
heat on a template, also printed, ensuring the geometry
required for the product's use. Finally, the printing para-
meters were defined for each technology to be used as
well as for greater user comfort, ensuring the best surface
quality, with the shortest possible printing time, material
expenditure and energy consumption.

Figure 03 : FFF aditive manufacturing.
Source: Authors.

5. EXPERIMENTS
5.1. Fused Granular Fabrication (FGF)

The first step was to work with the Fused Granular
Fabrication technique. The choice was since it has one less
step in the processing of the material. Instead of grinding
the material, making the filament, and then printing, this
technique allows printing directly from the pieces obtai-
ned after grinding. To use this technique, it was necessary
to adapt an Ender 3 printer (made in China and one of the
most popular on the market) with a FGF extruder made in
Spain by the company Mahor XYZ.

It began with the use of the polymer poly-lactic acid,
or PLA, a biodegradable and recyclable plant-based plastic.
PLA has characteristics that make printing easier, making it



Figure 04 : FGF technique.
Source: Authors.

Figure 05 : Sunglasses printed with recycled PLA by FGF.

Source: Authors.

more popular than other polymers. So old prints, backing

material, and failed prints were shredded and dried. The

shredded, also called flake, was put into the printer adap-

ted the FGF technique and thus printing was possible.
One point that drew attention was the coloration.

When several flakes of different manufacturers and colors

Figure 06 :Fitting detail printed with recycled material.
Source: Authors.
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are mixed, the flow is compromised due to the different
pigmentation characteristics and additives contained in
each one. Moreover, the final color ends up being a lar-
ge mixture, tending towards gray. The use of flakes of the
same color facilitates the repeatability of the extrusion
parameters and, logically, causes the extrusion to have
the same color (with small variations due to flakes of diffe-
rent prints and with small chromatic variations). This point
was very important when defining the printing parame-
ters. The variation of the material extrusion flow and the
propensity to clog the nozzle, made it necessary to use
a much thicker nozzle, going from the traditional 0.4mm
nozzle to a 1.5mm one.

5.2. Fused Filament Fabrication (FFF)

The second technology used in the making of the fra-
mes was Fused Filament Fabrication. Different from the
FGF technique, the FFF requires a filament manufactured
within well-defined parameters. To this end, we used a
filament manufacturing system manufactured in Brazil
by the company Filmaqg, composed of an extruder (with
a 1.75mm matrix, the most common thickness in 3D prin-
ters on the market), a cooler/tractor and a spooling ma-
chine. An advantage of this technique is that it can be
used with most printers on the market, without the need
to adapt a different print head, as is the case with the FGF.

= _-..'..'-___ y il :’I.' ‘\ [

- Lol SN

Figure 07 : Filament manufacturing process. Above: Filament manufacturing system. Below:
From left to right: Introduction of virgin pellets and flakes; extrusion; filament ready for use.
Source: Authors.
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As in the case of FGF, it was decided to start with PLA.
At first, using virgin pellets and, little by little, introducing
ground flakes from old and/or failed prints, until 100% re-
cycled material was used. Filament manufacturing is qui-
te simple in theory; however, practice is different. There
are many variables (temperature, cooling, pulling speed)
and a key point is to get the extruded filament to have a
constant diameter.

The next step was to introduce a material that has a
more common disposal: ABS. This polymer was chosen
since it is a plastic discarded a lot in Rio de Janeiro, the
place where the work takes place, and with little outlet for
collectors and cooperatives, having a very low purchase
value: about 0.02 USD. However, ABS is widely used as a
raw material for additive manufacturing.

Figure 08: Printing with recycled PLA filament and Glasses printed with filament made from
recycled PLA.
Source: Authors.

Another point to observe about ABS is that it needs
more temperature to be worked, however, it has fluidity
characteristics that make it a little easier to extrude than
PLA. This ease of work speeded up the development of
the process, which also started with virgin pellets; howe-
ver, knowing a little more about the equipment and the
process, it was easier to introduce flakes.

To validate the logic as an imminently circular process,
real elements were sought for an experimental cycle.
Thus, a discarded part using ABS was used. A vacuum cle-
aner casing was collected in a disposal area, the markings
relating to the type of plastic were checked, and then the
casing was shredded. The flakes were sieved (to eliminate
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very large pieces) and dried in an electric oven. The hu-
midity makes the extrusion process exceedingly difficult.
After this stage, these flakes were taken to the filament
manufacturing system and about 300g were extruded.
Some frames were printed with very promising results.
A slight need to increase the flow was necessary due to a
greater variation in the overall diameter of the filament
(which fluctuated between 1.6mm and 1.8mm). In gene-
ral, the quality and resistance of the pieces was very close
to that of industrially produced filaments. The coloration
was quite uniform when using flakes of the same object.

- -
Figure 09: Preparing a discarded part for filament extrusion.
Source: Authors.

6. DISCUSSION

The FGF technology proved to be quite complex for
making a small product such as an eyeglass frame. Many
issues with the flow of the material arose, either from
different additives and dyes, or from small dirt particles
found in the recycled material. The use of a thicker nozzle
facilitates the flow of the material, preventing clogging.
However, the downside is that it leaves a very rough fi-
nish, as can be seen in Figure 02. In addition, the printing
speed needs to be reduced, limiting the productivity of
the machine. Another point is the cost of FGF technology.
Despite cutting one step - filament manufacturing - prin-
ters on the market with FGF-ready heads are much more
expensive than standard 3d printers (costing at least ten
times more. It is possible to adapt a FGF print head to
inexpensive printers in the market. However, this head
costs more than the printer itself and requires expertise
not only for the mechanical assembly work, but also for
reconfiguring the printer's firmware.

In this regard, working with FFF technology proved
to be more interesting in the case of eyeglass frames, but
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Figure 10: Final model produced by FFF, with recycled ABS polymer.
Source: Authors.

not without some points to consider. The work of parame-
terizing all the variables and obtaining the ideal filament
for printing was quite arduous. However, when the para-
meters were reached, the process was very smooth and
with a good repeatability. The moisture is another point
to be aware. The material needs to be let to dry before the
use to have a better filament. The moisture causes a lot
of bubbles, which drops the quality and, in some cases,
made the material impossible to print.

With the product manufactured by FFF, it was possib-
le to compare costs, as well as demonstrate its advances
towards greater circularity, sustainability, and economic
competitiveness. For example, the material used in the
confection, ABS, has a low sale value to collectors (around
0.02 USD per kilo). The frame developed uses about 10g of
this material and between the command to start printing
and the finished product it takes about 50 minutes, spen-
ding about 0.32 kWh in the entire process. The unit cost,
based on these data and the study done by PETERSEN &
PEARCE (2017), is 0,20 USD. The selling price of similar fra-
mes is around 20,00 USD. Thus, the potential gross return
on this frame would be about one thousand times grea-
ter than the direct resale of the plastic, and one hundred
times greater than the unit cost of manufacturing. These
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numbers corroborate the commercial, circular, and low-
-impact potential of this process.

7. CONCLUSION

The research on polymer recycling for additive manufac-
turing in the Brazilian scenario is increasing importance.
With high potential for economic return and circularity as
a central element, distributed recycling solutions allow
local manufacturing from nearby discards with low com-
mercial value, which facilitates the readjustment of the
supply chain and the inclusion of social groups as key ac-
tors such as collectors and cooperatives, thus supporting
the local economy and the reduction of solid waste in the
areas of operation.
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ABSTRACT

The Federal District Integrated Recycling Complex (CIR-DF) contributes significantly to reducing the environ-
mental impact of the waste produced by the metropolis of Brasilia, as it provides for the recycling of materials
that would otherwise be taken to landfills and employs around 450 collectors. That said, this work sought to
monitor the air quality of the CIR/DF shed spaces, checking the concentration of CO2, temperature, and humi-
dity, in the period of intense heat and drought, relating the data with measures of adaptive comfort in order to
contribute with space management. The results showed that the CO2 concentration is below 3,900 ppm in 48
hours per week indicated by NR 15 from 2022. The temperatures verified between the six monitored days are, for
the most part, below 50 % of the comfort zone and the humidity data are also below the 40 % limit indicated by
NR 17 from 2022. Thus, the Complex faces challenges related to the internal environmental comfort of the sheds,
which can be improved by applying strategies for air renewal that are more appropriate to the location.

KEYWORDS

Air quality; CO2 concentration; climate monitoring; urban climate; recycling; HOBO sensor.

RESUMO

O Complexo Integrado de Reciclagem do DF contribui significativamente para a reduc¢do do impacto ambiental do
lixo produzido pela metrdpole brasiliense, pois, proporciona a reciclagem de materiais que seriam levados para ater-
ros sanitdrios, além de empregar cerca de 450 catadores. Posto isso, este trabalho buscou monitorar a qualidade do ar
dos espacos de galpéo do CIR/DF, verificando a concentragéo de CO2, temperatura e umidade, no periodo de intenso
calor e seca, relacionando os dados com medidas de conforto adaptativo a fim de contribuir com a gestédo do espacgo.
Os resultados apontaram que a concentragdo de CO2 estd abaixo de 3.900ppm em 48h semanais indicados pela NR 15
form 2022. As temperaturas verificadas entre os seis dias monitorados estdo, em sua maioria, abaixo de 50% da zona
de conforto e os dados de umidade também estdo abaixo dos 40% limite indicados pela NR 17 de 2022. Dessa forma,
o Complexo enfrenta desafios relacionados ao conforto ambiental interno dos galpées, o que pode ser melhorado
aplicando estratégias para a renovagéo do ar mais adequadas ao local.
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PALAVRAS-CHAVE

Monitoramento ambiental; reciclagem; qualidade do ar; salubridade.

RESUMEN

El Complejo Integrado de Reciclaje del Distrito Federal contribuye significativamente a la reduccién del impacto ambien-
tal de los residuos producidos por la metrdpolis de Brasilia, ya que recicla materiales que de otra forma serian llevados a
vertederos, ademds de emplear a cerca de 450 recicladores. Dicho esto, este estudio pretendia monitorizar la calidad del
aire de los espacios del cobertizo del CIR/DF, comprobando la concentracion de CO2, la temperatura y la humedad en
periodos de calor intenso y sequia, relacionando los datos con medidas de confort adaptativo para contribuir a la gestion
del espacio. Los resultados mostraron que la concentracion de CO2 estd por debajo de 3.900ppm en la semana de 48
horas indicada por el formulario NR 15 de 2022. Las temperaturas en los seis dias monitorizados estdn en su mayoria por
debajo del 50% de la zona de confort y los datos de humedad también estdn por debajo del limite del 40% indicado por la
NR 17 de 2022. En consecuencia, el Complejo enfrenta a retos relacionados con el confort ambiental interno de las naves,
que podria mejorarse aplicando estrategias de renovacion del aire mds adecuadas para el emplazamiento.

PALABRAS CLAVE

Monitoreo ambiental; reciclado; calidad del aire; salubridad.
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1. INTRODUCAO

The impacts caused as a result of the constant changes
in the climate are observed in several natural, managed
and human systems; examples include rainfall cycles,
fishing, agriculture, tourism, heat-related mortality and
others. In this context, it is estimated that anthropogenic
activities caused an increase of 1.0°C above pre-indus-
trial levels and is projected to reach levels of 1.5°C from
2030 to 2052 (IPCC, 2022). This rise in temperature fos-
ters risks for the survival of human beings in issues such
as food insecurity, water supply crises, health crises and
economic growth, with the most severe impacts aimed
at vulnerable populations (Ribeiro, 2008).

Greenhouse gas (GHG) emissions, considered the
main cause of climate change (Braga, 2012), are mostly
originated by urban activities such as transport, cons-
truction, industry, and energy consumption (BAI et al.,
2018; Birol, 2010; Crippa et al., 2021). In addition, the ur-
banization of cities is growing, since, in 2019, 55% of the
population lived in urban territory, as indicated by data
from UNDESA (2019). The increase is expected to reach
68% by 2050 (Espindola; Ribeiro, 2020). Therefore, there
is an emergency, need to conduct the policies of cities to
mitigate and adapt to climate change.

With regard to the planning of cities for mitigation
and adaptation of climate change, carrying out more
studies that provide consistent databases on the cli-
matic aspects of urban areas to enable more objective
and effective actions is essential. Therefore, monitoring
data have been used to support research that analyzes
air quality through sensors adapted to urban or rural en-
vironments, making it an important tool to enable data
collection in an accessible way (Keys; Mota, 2020).

One of the urban activities that contribute to the incre-
ase in air pollution is waste. According to SEEG (2020), in
2019, the sector was responsible for releasing 96.000.000
tons of carbon dioxide, with the majority (65%) of emis-
sions being incited by the disposal of waste in controlled
landfills, dumps and sanitary landfills. Brazil, in 2014, pro-
duced about 70.000.000 tons of Urban Solid Waste (MSW)
(Abrelpe, 2014), which are composed of numerous varied
materials from households, urban cleaning, commerce,
sanitation, industries, health, construction, transportation
and mining (Colling; Dubeux, 2015).

The Federal District hosted one of the largest open
dumps in Latin America, also known as the Structural
Dump, which received 830,055 tons of solid waste
in 2016 (SLU, 2016). However, in 2015 the activities of
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closing the dump began, which was effectively closed
in 2018 (Brasil, 2015), giving rise to the inclusion of new
waste treatment spaces that support the generation of
jobs and that, as is the case of the Integrated Recycling
Complex of the DF, were recently inaugurated in 2020
(Sema, 2020).

Therefore, linking the necessary mitigation and
adaptation work to climate change in urban areas, es-
pecially in areas of greater environmental vulnerability,
this article proposes a monitoring of air quality, focusing
on the evaluation of CO2 concentration, of the shed spa-
ce of the Integrated Recycling Complex of the Federal
District, which will be done with the Hobo Mx CO2
Logger sensor. Air pollution is linked to the emission of
solid, liquid, or gaseous particles, harmful to the envi-
ronment and humans, and they are classified as natural
and anthropogenic sources (Williams et al., 2014).

The anthropogenic sources, coming from man, are
due to industrial activities, transportation, solid waste,
and others (Vallero, 2007), which release gases that contri-
bute to the increase in the emission of greenhouse gases
(GHG). These are the gases: carbon dioxide (CO2), which
is responsible for 60% of the greenhouse effect; methane
(CH4), responsible for 15% to 20%; nitrogen dioxide (NO2),
corresponding to 6% of emissions; chlorofluorocarbons
(CFCs), responsible for up to 20% and O3, participating in
the greenhouse effect in 8% (Huet, 2014).

In addition to observing the concentration of CO2 in an-
thropogenic activities, as a way to understand the impact of
certain activities on the environment, carbon dioxide can be
monitored as a way to evaluate ventilation rates, defining the
amount of outdoor air that mixes with the indoor air of an
environment. Understanding the concentration of this gas
also makes it possible to determine the presence of other
pollutants (Presily, 1996; Carmo, n.d.; Prado, 1999). According
to Jensen and Schafer (1994), the amount of particulate
matter in a healthy indoor environment is usually less than
that in the external environment. However, without the use
of air renewal control strategies in an indoor environment,
it can achieve higher pollutant values than the external air
(Higaskino; Figel; Yamada, 2007; Schirmer et al., 2011).

Among the climatic elements that influence the user's
feeling of comfort are the temperature and humidity of the
air (Assis, 1990). The temperature variation is linked to the
arrival of solar radiation and the energy change involved in
the release of heat (Vianello and Alves, 1991), this element
being the most perceptible to humans (Borges, 2009). It can
be assumed that air humidity is lower in cities due to the
phenomenon of heat islands, and, in turn, humidity plays an
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important role in promoting the evaporation of the environ-
ment. In addition, air displacement along with air humidity
strongly influences thermal comfort, as they are related to
heat loss by evaporation (Corbella; Yannas, 2003).

Adaptive thermal comfort, a theory that relates indoor
temperature to outdoor air temperature, to verify comfort
indices (De Dear; Brager, 1998; Humphreys; Nicol, 1998;
Nicol; Humphreys, 2002; Humphreys, 2002; Humphreys;
Rijal; Nicol, 2013) is the analysis used by Ashrare 55, norma-
tive that supports studies on thermal comfort. The neutral
indoor air temperature rises as the average outdoor tempe-
rature increases (Buonocore, 2018). In addition, the adapti-
ve model focuses on studying naturally ventilated buildin-
gs (Rupp; Ghisi, 2019), as is the case with the CIR sheds. The
main objective of this research is to present the monitoring
of the levels of CO2 contraction, temperature, and humidity
in the sorting area of the shed. For this, it is evaluated whe-
ther the results obtained are plausible with the require-
ments of Regulatory Standard 15 - unhealthy activities and
operations from 2022, Ashrare 55 and Regulatory Standard
17 — Ergonomics from 2022.

2. MATERIALS AND METHODS
2.1. Characterization of the study site

2.1.1.  Local Weather

The climate of the Federal District, where the object of
study is inserted, is marked by two distinct seasons, na-
mely: a dry winter and a hot and humid summer (IBRAM,
2012). According to the Koppen classification, the Cidade
da Estrutural, headquarters of the DF Integrated Recycling
Complex, is part of the tropical climate of Altitude Cwa,

NATONAL PARK

GUARDS CAVALRY
REGIMENT (RCG)

Figure 01: Location map and aerial view of the CIR/DF study area.
Source: adapted from Google Maps and LaSUS/UnB, 2023.
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whose temperature in the coldest period is below 18°C,
with an average below 22°C, at the hottest time of year
(Codeplan, 2020). Corroborating this information, Romero
(2002) classifies the climate of Brasilia as high altitude tro-
pical, which allows the DF territory an excellent degree of
ventilation rates.

2.1.2. DF Integrated Recycling Complex

Located in the Complementary Industry and Supply
Sector (SCIA), the DF Integrated Recycling Complex (CIR/
DF) is inserted in the context of the Structural City, a re-
gion that encompassed one of the largest dumps in Latin
America (Figure 01). After a series of measures by the
government of the Federal District, from 2009 to 2018
(Capelari et al., 2020), the situation not only culminated
in the closure of the dump, but also fostered the crea-
tion of the CIR, the current employment generation pole
for collectors from the old landfill. The Complex, which
went into operation at the end of 2020, currently con-
sists of two sorting warehouses, parallel to each other,
and another commercialization warehouse, occupying
an area of 80.000 m2, which, in its beginning, housed
between 450 and 500 collectors of recyclable materials
(Ferraz, 2020) (Figure 02).

The activities carried out in the space of the warehou-
ses begin with the arrival of waste by trucks, in the north
part of the building and in the area for the disposal of se-
lected material. This waste is placed in containers in the
basement and transported to the sorting mats, which
are on the upper floor, where the materials are separated
by the collectors. The selected materials, such as plastic
and glass, are sent to storage silos, known as bags, lo-
cated on the ground floor of the warehouse, which also
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SHED 1

SHED 2

71,10

Figure 02: Images of the sheds and facade of shed 1.
Source: LaSUS/UnB and Authors (2023).

SENSOR HOBO

houses the pressing area, secondary separation of recy-
clables and deposit of discarded material. Discarded ma-
terial is taken to containers and redirected to landfills.

UPPER FLOOR

71,10

24,15

The materiality of the building is composed of structural
masonry and metallic structure, with fixed openings in
the walls in matte transparent polycarbonate and with f \
openings close to the roof that allow the renewal of hot SENSOR HOBO
air from inside the environment (Figure 03).

And the pickers from the recycling cooperatives, users
of the building, for the most part, wore long-sleeved

UPPER FLOOR

24,15

Figure 04: HOBO sensor location (floor plan).
blouses, long pants, socks, boots, masks, and gloves. Source: graphic produced by the authors.

—

Figure 03: Facade with openings in the shed.
Source: LaSUS/UnB and Authors (2023).

2.1.3. Characterization of Monitoring

Monitoring was carried out in the two sheds between
September 16 and 22, 2021, recording new data regarding
temperature, humidity, and CO2 concentration every 5
minutes, using the HOBO Mx CO2 Logger sensor. The two
HOBO sensors were installed 1.50 m from the floor on the
upper floor of each shed, in the central-south part of the
building, where the sorting activities are located on the

mats, as shown in Figure 4 and 5 below: Figure 05: HOBO sensor location (photos).
Source: graphic produced by the authors.
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3. RESULTS

In September 2021, according to INMET (2021), the
analysis period of this research, the DF reached a ma-
ximum temperature of 35.4°C, on 09/22, at 4 pm, and a
minimum of 13.8°C, on 09/04, at 09:00 am, as shown in
the graph below, reaching a minimum humidity of 11%,
on 09/19, at 04:00 pm.

The results obtained from monitoring the two sheds
were organized into 03 shifts, namely: i. night (21:05-
23:55), ii. Work shift (07:00-21:00) and iii. Early morning
(00:00-06:55), considering that only on 09/19, Sunday,
there would be no work shift.

The result obtained in shed 1 shows a maximum tem-
perature of 34.5°C, on 09/20 (Monday), during the work
shift, specifically at 2:20 pm. In addition, the minimum hu-
midity reached in shed 1 was 13.69%, on 09/19 (Sunday),
at 12:25 and 12:35. Regarding the CO2 concentration, the
maximum of 552ppm was observed on 09/21, during the
night, more specifically at 9:50 pm, in shed 1 (Figure 06).

COz, ppm average

Temp. °C average

475

HR, % average
i 7 sEr
\ — bawn
~— Night
— Work time
\ //

/ 300
’\ 275

/ 250

/ \

16/09 17/08 18009 19/09 20/09 21/09 16/09 17/09 18/09 19/03 20009 2109  16/09 17109 18/09 19/09 20009 21/09

Figure 06: Shed 1 (Temperature, Humidity, and average C02).
Source: graphic produced by the authors (2023).

In shed 2, the maximum temperature reached was
34.7°C, on 09/21 (Tuesday) at 2:50 pm, and the minimum
humidity was observed at 13.67%, on 09/19 (Sunday) at
12:35. In shed 2, it was also observed that the maximum
CO2 was 555ppm, manifested on 09/21, at 21:55 (Figure 07).
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Figure 07: Shed 2 (Temperature, Humidity, and average C02).
Source: graphic produced by the authors (2023).
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According to Regulatory Norm (NR) 15 - Unhealthy
Activities and Operations, from 2022 the maximum limits
of worker exposure to CO2 concentration is 3,900ppm for
48h/week. However, bearing in mind that the working
hours of CIR employees vary from 24h to 36h a week, the
limit concentration of 2,925ppm was considered in this
work, which considers the maximum of 36 hours a week
of work. The observed result of CO2 concentration in the
five days of work is below that mentioned by the stan-
dard. The temperature variable was analyzed according to
ASHRAE 55, using the De Dear and Brager model (Pereira;
Assis, 2010), with the equation below, to understand the
level of thermal adaptive comfort of the sheds:

Th=0,310xT+17,8°C

Being:
I) Tn=neutral temperature
Il) T=external temperature, in this case obtained
by INMET
1) With Tn +/- 3.5°C (80% acceptability)

The results were calculated from the hourly data and
the comfort level of the six monitored days, resulting in
the following sample:

16/09/21 | 17/09/21 | 18/09/21 | 19/09/21* | 20/09/21 | 21/09/21

Comfort | 29% 46% 33% 25% 21% 21%

Discomfort 71% 54% 67% 75% 79% 79%

16/09/21 | 17/09/21 | 18/09/21 | 19/09/21* | 20/09/21 | 21/09/21

Comfort | 29% 50% 2% 25% 21% 21%

Discomfort 71% 50% 58% 75% 79% 79%

Table 01: Percentage of thermal comfort per day.
Source: graphic produced by the authors (2023).

With regard to humidity, the NR 17 from 2022 was
used as a basis for evaluating the levels of humidity in
spaces dedicated to work activities, which indicates the
ideal limits between 40% and 60% of humidity per day.
According to what is presented in Table 1, the evalua-
ted results of the monitored humidity are all below the
recommended by NR 17 form 2022 in most of the hou-
rly data analyzed in the two sheds. Climate monitoring
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is one of several data generation methods to support
climatological studies (Chaves; Mota, 2020), in order
to contribute to actions to adapt and mitigate climate
change, a topic that is currently so debated. The results
obtained indicated that the CO2 concentration was wi-
thin the national normative standards, however, the
two sheds presented levels of thermal discomfort. It is
important to highlitgh that the CO2 concentration was
higher at night in both sheds which ocurr due to reduc-
tion of wind and due to increase in CO2 release by plants
and live microorganisms.

It is important to point out that on 09/21 a large fire
was registered near the study area located in the forest
area of the Guards Cavalry Regiment (in Portuguese
Regimento de Cavalaria de Guardas - RCG), also close to
the area of the Brasilia National Park. The date of worst
thermal discomfort was verified on the same day that
there was a forest fire near the sheds, which may have in-
fluenced the increase in discomfort verified in the moni-
toring. However, low humidity levels were verified days
before the fire, which may have contributed to starting
the fire and potentiating the proportions of burning in
the area with dry vegetation (Figure 08).

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.63-73

In order to complement the data evaluated in the
comfort analysis, the psychometric chart for the climate
of Brasilia in September was verified using the Climate
Consultant software version 6.0, whose calculation me-
thod is also based on ASHRAE 55. The result obtained was
28%. of hours of comfort compared to 72% of discomfort,
calculated during the work shift (07:00 - 21:00) at the CIR,
which is close to what was observed in the results of the
adaptive comfort calculation presented in Table 01.

Figure 08: Aerial image of the fire site near the CIR/DF.
Source: Lasus/UnB (2023).
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The strategy that best contributes to improving indo-
or thermal comfort is ventilation, as shown in the result of
Figure 09, also linked to the concept of adaptive comfort,
that is, when the user manages to improve the comfort
of the thermal environment (Buonocore, 2018). Therefore,
applying strategies that increase the hours of ventilation
in this period would be ideal to increase the internal com-
fort of the sheds, since the main openings for ventilation
are fixed tilting, with a very narrow opening, and exposed
to solar radiation, which can lead to an increase the tem-
perature of the air entering the building (Figure 10).

[/m@m

West

treadmill treadmill

1
— o ——

East

Figure 10: Schematic section of the current ventilation of the sheds.
Source: produced by the authors (2023).

However, since the sorting activity on mats perfor-
med in the shed makes it difficult to install mechanical
ventilation to ease the feeling of heat, it is suggested to
adapt the openings, integrating them with a mechanical
exhaustion system to improve the renewal of the inter-
nal air. Therefore, it is important to design the openings
and exhaust fans in such a way as to combine the move-
ment of air due to the action of the wind and the diffe-
rence in temperature (Borré, 2013).

The ventilation inlet should face the prevailing winds,
also known as the positive pressure zone, which in this
case are to the east, with the air outlets placed at the
outer low-pressure end. Furthermore, to amplify the ef-
ficiency of air renewal in the sheds, it is interesting to use
mixed methods with natural air insulation and mechani-
cal exhausters, for example. Because, in this way, the in-
ternal air pressure becomes lower than the external one,
allowing a greater flow of air into the interior of the sheds.
Regarding the installation of axial exhaust fans, located
on the wall, they should be located in the opposite part to
the air reception and at the highest possible level in rela-
tion to the floor (Macintyre, 1990; Borré, 2013) (Figure 11).
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Figure 11: Examples of ventilation strategies in industrial warehouses.
Source: Strategies adapted from Macintyre (1990) for cutting the sheds under study.

4. CONCLUSIONS

The evaluation of temperature, humidity and CO2 concen-
tration variables can support studies to improve quality in
the workplace. It is important to highlight that important
Brazilian norms that define CO2 concentration values, such
as NBR 16.401-3:2008 and Anvisa Resolution No. 9, do not
assess naturally ventilated environments. In this way, it is
possible to perceive that there is still a strong incentive for
professionals in the construction sector to opt for artificial
climate control strategies, in comparison with low impact
strategies, which are more adapted to the local climate,
such as the use of natural ventilation or hybrid.

Furthermore, it was noticed that many norms found
are not specific to spaces for handling recyclable material,
as in the case of the use of NR17 from 2022 as a normative
basis for the observation of humidity data in the internal
environments of the sheds. Therefore, another important
point of reflection is the lack of regulations that support
the improvement of the quality of spaces dedicated to
solid waste management activities in Brazil, as a potential
barrier to the transformation of this sector in favor of miti-
gation and adaptation of cities to climate change.

The environment monitored in this research, the
DF Integrated Recycling Complex, is the result of the
reformulation of policies aimed at improving working
conditions in the urban solid waste management sec-
tor, offering greater dignity to the work carried out by
cooperatives in the Federal District, in comparison with
the situation found previously with the old Structural
Dump. Furthermore, the material received by the CIR
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often arrives together with organic waste, making the
handling of recyclables more complex and unhealthy for
the collector. Therefore, implementing policies that can
contribute to the quality of the waste delivered to the
CIR, through education programs and social awareness
about the disposal of recyclable materials, is essential for
improving the quality of work in this environment.

However, in order to complement the research, it is in-
teresting to carry out studies that can assess the presence
of other local atmospheric pollutants, due to the arrival of
various types of waste at the site. In addition, to be able
to deepen the research on thermal comfort, monitoring it
in the winter period and applying a questionnaire with all
collectors in different climatic contexts to understand the
demands of extreme climatic periods.

It can be considered that analyzing the internal envi-
ronment of the Integrated Recycling Complex of the DF is
extremely relevant for the context of the country's capi-
tal, as this space receives waste from different regions to
be recycled, avoiding the disposal of undue materials in
controlled landfills. And especially in the context of a pan-
demic, in which urban solid waste management activity
is classified as essential, obtaining a well-ventilated and
healthy space contributes to the health of the collectors
present, who can carry out their important work in times
of health crisis. Therefore, it is very important for society
to produce more studies in spaces such as the Complexo,
in order to make the management of urban waste incre-
asingly appropriate, innovative and sustainable in Brazil.
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ABSTRACT

The article offers a systematic review of the literature, highlighting recent advances in the use of Life Cycle
Assessment Methodology (LCA) in highway projects, combining it with uncertainty analysis techniques.
Considering the significant investments planned for the Brazilian federal road network in the coming years, it is
essential that project solutions be developed with a view to mitigating their environmental impacts. However,
Brazil faces challenges related to the availability and quality of environmental data on the main road inputs, in
addition to the lack of use of the ACV methodology as a management tool for federal highways. The metho-
dology used prioritized the search for scientific articles on the Web of Science database in the period between
2010 and 2023. The results highlight the main deficiencies and advances observed in the research and indicate
alternatives for the development of a case study aiming to better investigate the feasibility of jointly using the
LCA methodology with uncertainty analysis techniques in the national context.

KEYWORDS

Life cycle assessment; uncertainty; federal highways; Brazil.

RESUMO

O artigo oferece uma revisao sistemdtica da literatura, destacando os recentes avangos no uso da Metodologia de
Avaliagéo do Ciclo de Vida (ACV) em projetos rodovidrios, combinando-a com técnicas de andlise de incertezas.
Considerando os expressivos investimentos previstos para a malha rodovidria federal brasileira nos proximos anos, é
essencial que as solucgdes de projeto sejam desenvolvidas visando mitigar os seus impactos ambientais. No entanto,
o Brasil enfrenta desafios relacionados a disponibilidade e qualidade de dados ambientais dos principais insumos
rodovidrios, além da auséncia de emprego da metodologia ACV como ferramenta de gestdo das rodovias federais.
A metodologia empregada priorizou a busca de artigos cientificos na base de dados da Web of Science no periodo
entre 2010 e 2023. Os resultados destacam as principais deficiéncias e avancos observados nas pesquisas, e indicam
alternativas para o desenvolvimento de um estudo de caso visando melhor investigar a viabilidade do uso conjunto da
metodologia ACV com técnicas de andlise de incerteza no contexto nacional.
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RESUMEN

El articulo ofrece una revision sistemdtica de la literatura, destacando los avances recientes en el uso de la Metodologia
de Evaluacién del Ciclo de Vida (LCA) en proyectos de carreteras, combindndola con técnicas de andlisis de incerti-
dumbre. Considerando las importantes inversiones previstas para la red vial federal brasilefia en los préximos anos,
es esencial que las soluciones del proyecto se desarrollen con miras a mitigar sus impactos ambientales. Sin embargo,
Brasil enfrenta desafios relacionados con la disponibilidad y calidad de datos ambientales en las principales entradas
de carreteras, ademds de la falta de uso de la metodologia ACV como herramienta de gestion de carreteras federales.
La metodologia utilizada priorizé la busqueda de articulos cientificos en la base de datos Web of Science en el periodo
comprendido entre 2010 y 2023. Los resultados resaltan las principales deficiencias y avances observados en la investi-
gacion, e indican alternativas para el desarrollo de un estudio de caso con el objetivo de investigar mejor la viabilidad
de utilizar conjuntamente la metodologia ACV con técnicas de andlisis de incertidumbre en el contexto nacional.
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1. INTRODUCTION

Transport infrastructure plays a crucial role in the social
and economic development of any nation and must be
adequately planned to meet the growing demand for
passenger and cargo mobility. The International Energy
Agency (IEA) estimates that by 2050, global passenger
and freight travel will double compare to 2010 levels, re-
quiring the construction of nearly 25 million kilometers
of new paved roads and cumulative investments totaling
45 trillion dollars (Dulac, 2013). In Brazil, in one of the sce-
narios simulated by the National Logistics Plan 2035 (PNL
2035), it is estimated that 246 billion dollars will be inves-
ted in transport infrastructure projects by 2035, with a
return to growth in the Gross Domestic Product (GDP) of
11% (EPL, 2021).

However, the key role of the transportation sector is
not limited to economic and social aspects; it also has a
significant impact on the environment. It is estimated that
approximately 25% of global CO2 emissions are attribu-
ted to the transportation sector, whose current rate is pro-
jected to grow by 60% by 2050 if appropriate measures
are not taken to curb its expansion (WORLD BANK, 2021).

According to Diaz-Sarachaga et al. (2017), the influence
of the transportation sector on the environment becomes
even more relevant for emerging economies that are plan-
ning significant investments in the expansion and mainte-
nance of their transportation infrastructure, such as Brazil.
Brazil's transportation matrix is dominated by the road
mode, with a total of approximately 1.72 million kilome-
ters of roads at the federal, state and municipal levels. Out
of this total, approximately 1.35 million kilometers consist
of unpaved roads (78.5%), and another 157,000 kilometers
are planned roads (9.1%), which, when combined, repre-
sent a potential of approximately 1.5 million kilometers of
roads to be paved in the coming years (DNIT, 2023a).

In addition to the potential growth margin of the
Brazilian road network, it is important to consider the
existence of approximately 64,000 kilometers of paved
federal highways, with a significant portion of this road
network exhibiting service levels that require increasin-
gly intensive and robust maintenance actions, including
the replacement of some existing assets with new ones
(Mello; Queiroz, 2017).

However, the National Department of Transport
Infrastructure (DNIT), which is responsible for developing
research and technical standards related to transportation
infrastructure and for executing a significant portion of
highways projects in Brazil, lacks a technical specification
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to characterize and quantify the environmental impacts
associated with the engineering alternatives or solutions
outlined in its project manuals (DNIT, 2023b). A differen-
ce in environmental impact between various possible
pavement solutions, for example, can become a cru-
cial criterion for selecting the project alternative to be
implemented.

It can be observed that the challenge facing Brazil has
two major interconnected aspects. The first is the need
to increase and adequately maintain its road transporta-
tion infrastructure. The second aspect, related to Brazil's
commitments made at the 27th Conference of the Parties
(MMA, 2022) to achieve net-zero emissions of greenhou-
se gases, lies in the challenge of reconciling the advan-
cements driven by road construction and maintenance
with the negative impacts on the environment (Santero;
Masanet; Horvath, 2011a; Santos et al., 2018a). The balan-
ce between these two challenges could be achieved with
the Life Cycle Assessment (LCA) methodology (ABNT NBR
ISO 14040, 2014; ABNT NBR ISO 14044, 2014) in Brazilian
highways projects.

The effective implementation of LCA in Brazilian hi-
ghways projects as a decision-support tool depends,
however, on the availability and quality of environmental
data associated with the production of supplies such as
steel, cement and asphalt. According to Vigon et al. (2017),
Brazil and other emerging countries have made signifi-
cant advancements in LCA but still have product inven-
tories with many shortcomings, such as incomplete do-
cumentation and the absence of review and validation of
information by independent sources. Therefore, life cycle
assessments of highways in Brazil should address not only
the environmental impacts related to different design op-
tions, but also the implications in terms of uncertainty in
LCA results due to the quality of environmental data for
materials or products.

In this context, this study aims to identify the main fin-
dings from the international literature regarding the use
of uncertainty analysis techniques in LCA studies and to
analyze the characteristics of LCA studies in highways.
The primary objective of this research is to evaluate the
feasibility of applying the LCA methodology with un-
certainty analysis to projects involving Brazilian federal
highways.

2. METHODOLOGY

The research methodology adopted in this article is
a Systematic Literature Review (SLR), which involves
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examining research and discussions carried out by other
authors on the topic that will be addressed in this article
(Galvao; Ricarte, 2020). It was conducted using the SLR
methodology known as the Consolidated Meta Analytical
Approach Theory (TEMAC) (Mariano; Rocha, 2017), and
the analysis of the articles was divided into two subthe-
mes, as shown in Figure 01.

Database: Web of Science (WoS)
Years: 2010 - 2023

Il

!
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Figure 01: Flowchart of the systematic literature review.
Source: Authors.

Figure 01 depicts the process of scientific article rese-
arch, conducted through the consultation of the Web of
Science (WoS) database, covering the period from 2010 to
2023. This research was guided by two axes of keywords
and fundamental questions, as detailed in the flowchart.
Additionally, after the analysis of initially selected articles,
it was identified that there was a need to evaluate articles
deemed relevant to the subthemes, even if they were pu-
blished before 2010. This resulted in a total of 63 articles
related to the topic of LCA in highways or pavements (LCA
in the road sector), along with 32 articles addressing LCA
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and uncertainties (LCA with uncertainties).
The systematic literature review will support the pri-
mary objective of this research.

3. RESULTS AND DISCUSSION
3.1. LCA in the road sector

The first records of studies related to the application of LCA
methodology in the road sector date back to the late 1990s,
with publications focusing on the construction of road pa-
vements, including asphalt and concrete pavements, and
on the extraction of raw materials from nature and the
manufacturing of products (Stripple, 2001). However, the
initial investigations of the literature revealed that research
on LCA in highways lacked uniformity in terms of defining
indicators, quantification, and objective assessment of the
environmental impacts caused by the different phases of
a highway's life cycle. These observations were initially
made by Santero et al. (2011a, 2011b), who conducted one
of the first and most comprehensive literature reviews on
the environmental impacts of highways based on the me-
thodology provided by the International Organization for
Standardization (ISO) standards: ISO 14040 (2006a) and
ISO 14044 (2006b). These publications summarize advan-
ces on the topic up to 2011. Other important publications
have been made on the subject recently, also as literature
reviews (Anthonissen; Van Den Bergh; Braet, 2016; Aryan;
Dikshit; Shinde, 2023; Azarijafari; Yahia; Ben Amor, 2016;
Hasan; Whyte; Al Jassmi, 2019; Inyim et al., 2016).

The current concept of the LCA methodology brings an
approach based on the assessment of environmental im-
pacts of a system that encompasses the life cycle of a pro-
duct (systems and materials) or service (activity or process).
Therefore, there is no direct association of this methodolo-
gy with specific cases or study situations, with the evaluator
defining the boundary conditions and applicable adapta-
tions for each situation (FHWA, 2016). The stages and data
flows (inputs and outputs) related to the typical life cycle
stages of a road pavement are represented in Figure 02.

Figure 02 simplifies the discrepancies in pollutant
emissions between the phases that make up the life cycle
of a road infrastructure. The main impacts are associated
with the operation or use, construction or manufacturing,
and material processing phases. Additionally, it illustrates
the various options for utilizing some materials after the
end-of-life phase of the structures.

The environmental impact assessment process ba-
sed on the LCA methodology is governed by the ISO
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Figure 02: Typical phases of a road pavement.
Source: Adapted from Kendall (2012).

standards (14040 and 14044), incorporated by the
Brazilian Association of Technical Standards through the
ABNT NBR ISO 14040 (2014) and ABNT NBR ISO 14044
(2014) standards. According to these standards, an LCA
study consists of four interrelated phases: the goal and
scope definition phase, the inventory analysis phase, the
impact assessment phase, and the interpretation phase.

However, despite recent advances in research related
to the application of the LCA methodology in the trans-
port sector, there are still several questions raised in the
literature about how to implement it consistently for de-
cision-making. Therefore, the next topics will detail the
main findings in the literature on the application of LCA
in the road sector, focusing on the goal and scope defini-
tion and inventory analysis phases, as they are the central
basis of LCA studies.

3.1.1.  The goal and scope definition

The methodological principles associated with the goal
and scope stage encompass definitions such as the

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.75-92

intended application, the rationales behind conducting
the study, the intended audience, data and its prerequi-
sites, system boundary, functional unit, allocation proce-
dures, impact assessment methodology, types of impact,
and limitations of the study (ABNT NBR ISO 14040, 2014).

The goals associated with highway LCA studies are
numerous. Typically, comparative analyses are conduc-
ted between rigid pavements (Portland cement) and fle-
xible pavements (asphalt cement), as exemplified by the
studies conducted by Kucukvar and Tatari (2012), Batouli,
Bienvenu and Mostafavi (2017), Boonpoke et al. (2018),
and Nascimento et al. (2020). Out of the 63 publications
that were analyzed, 11 (17%) contained this comparative
analysis. Other research efforts were aimed at investiga-
ting the environmental impacts caused by different types
of materials, mostly aimed at reducing the consumption
of cement, natural aggregates, or asphalt (Anastasiou;
Liapis; Papayianni, 2015, Chen; Wang, 2022; Osorto;
Casagrande, 2023; Plati; Tsakoumaki, 2023; Selvam et al.,
2021; Shi et al., 2019). Some studies conducted a combi-
ned evaluation of environmental impacts with economic
and social aspects, a relatively recent and less represented
approach in the sample of consulted publications (Choi et
al., 2016; Gravina da Rocha et al., 2022; Zheng et al., 2019).
Santos et al. (2018) assessed the environmental impacts
of different pavement maintenance and restoration plans,
focusing only on the combination with economic aspects.
The studies conducted by Batouli et al. (2017) and Hong et
al. (2018) also demonstrates the combination of LCA me-
thodology with economic aspects in the analysis of diffe-
rent pavement solutions or scenarios.

The functional unit is of fundamental importance for
the analysis of highway LCA results, as it is associated with
the goal and scope definition phase. It is defined by ABNT
NBR ISO 14040 (2014) as a reference for input and output
data that is normalized. It provides a performance parame-
ter for infrastructures that integrate highways. Therefore, it
must have a measurable and comparable property.

Different functional units were used in the arti-
cles researched: linear extension-bearing tracks (Plati;
Tsakoumaki, 2023); platform area (Chen et al., 2021); linear
extension and average annual volume of vehicles (Jullien;
Dauvergne; Cerezo, 2014) and pavement performance pa-
rameters, such as its longitudinal irregularity and perma-
nent deformation (Jiang et al., 2020; Santos et al., 2018a;
Xu et al., 2019). Nonetheless, it is evident that the absen-
ce of uniformity in the functional units employed in the
selected research renders comparative analysis of the re-
sults impracticable, corroborating observations made in
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this regard by some authors consulted (Santero; Masanet;
Horvath, 2011a; Xu et al., 2019).

The goal and scope phase of an LCA study also encom-
passes the definition of the analysis system, the establish-
ment of geographic and temporal limitations, and the es-
tablishment of data quality prerequisites for the execution
of the study. Regarding the latter, it is noteworthy that the
characterization of qualitative parameters of environmen-
tal data utilized in highway LCA studies is uncommon, as
is the analysis of the impact of uncertainties inherent in
the input data on the results of the studies (Aryan; Dikshit;
Shinde, 2023). In any case, the literature indicates that defi-
nitions related to the goal and scope phase are influenced
by the availability and quality of available environmental
data (Alam; Hossain; Bazan, 2022).

In relation to the delimitation of analysis systems in
highway LCA studies, it was observed that many tools to
support calculations offer previously defined systems and
environmental databases. However, many of these tools
are not used by entities linked to the transportation sec-
tor because they have systems with very broad limits, and
which do not reflect the real situations linked to the de-
sign, construction, maintenance and operation stages of
highways (Mattinzioli et al., 2020). The primary tools used

Software Owner/Country Scope LCA Phase Database
U.S.EPA
MOVES UsA Road TU N
FHWA
INVEST USA Road T,R,MP,C,U N
BREEAM BREEAM .
Infrastructure UK Varied TR MP,CU NI
PaLATE UC. Berkely Road | T,R,MP,C,U N
USA
LCA Pave FHWA
Tool USA Road T,R,MP,C N
Athena AtheU"SaA'"St‘ o TR MP, |
Pav. LCA AN GUE
) PRéu ) TR, MP,
SimaPro | g inapilitynL | Ve GUE N
Carbon TAGG
Gauge AUS Road T,R,MP,C,U N, |
9 NLD
OpenLCA Green Delta/DE Varied T’(RijMER N, |
asPECT TURKL Road T,R,MP,C,E N, |

Acronyms: T — transport; R — raw material; MP — material processing; C —
construction; U — use; E — end-of-life; N — national; | — international.

Table 01: The primary tools utilized in highway LCA studies.
Source: Authors.
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in highway LCA studies are presented in Table 01, along
with some of their characteristics.

Table 01 illustrates that the tools used to support hi-
ghway LCA studies are concentrated in North America
and Europe. Also shows that many of the tools use en-
vironmental data and engineering standards related to
their country of origin, although some of them allow mo-
difications to their technical premises or original databa-
ses, such as the Athena Pavement LCA software (Athena;
Canada, 2018) and Carbon Gauge (Dilger et al., 2013).

Furthermore, the individual analysis of software with
free access demonstrates that their methodological ba-
ses require, before any environmental calculation, the
description of the service items (i.e., selection of equi-
pment, materials and their respective quantities) neces-
sary for the execution of the works, therefore the same
basic routines for preparing an engineering budget.
Because of this, the main difference between these LCA
tools is that they add environmental data and environ-
mental impact methodologies to traditional budgeting
rules. This is evident in tools that jointly analyze the eco-
nomic and environmental aspects associated with the
construction of a highway, such as INVEST (Reid et al.,
2018) and the LCA Pave Tool (Meijer et al., 2021).

In Brazil, the main methodological reference for deve-
loping budgetsin transportinfrastructure is the Reference
Cost System for Works (SICRO) (DNIT, 2023c). In addition
to establishing budget specifications, SICRO also follows
the specifications of the Transport Research Institute (IPR/
DNIT) in terms of project design and execution of road
services, in addition to making details available in its
database regarding the type of fuel and its average con-
sumption by the various equipment used to carry out the
works. Due to these specificities, SICRO could be an alter-
native for developing the methodological basis for LCA
studies on Brazilian federal highways.

The publications consulted present significant varia-
tions in terms of the period and phases of the studies’ life
cycle, which must also be defined in the scope and objec-
tive definition stage. Research with similar scopes and ob-
jectives has significantly different analysis periods, such as
the research developed by Mascarenhas et al. (2022) and
Chen et al. (2018). Despite encompassing identical phases
of the highways' life cycle, the research conducts inves-
tigations for useful life spans of structures of 20 and 40
years, respectively. In relation to the life cycle phases, it is
possible to identify studies with the presence of systems
that consider a single phase (Yu; Lu, 2014) or all phases
of the life cycle of a highway (Zhang et al., 2010). Out of
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the 63 articles selected, 53 (84%) consider the phases of
raw material extraction, transport, processing, construc-
tion, maintenance, or end-of-life in highway LCA studies.
However, despite being considered one of the main con-
tributors to the total emission of greenhouse gases (GHG)
(Santero; Masanet; Horvath, 2011b), the use phase was
considered in only 10 (16%) articles (Alam; Hossain; Bazan,
2022; Araujo; Oliveira; Silva, 2014; Jiang et al., 2020; Loijos;
Santero; Ochsendorf, 2013; Santos et al., 2018b; Santos;
Ferreira; Flintsch, 2015; Wang et al.,, 2012; Xu et al., 2019;
Zhang et al., 2010; Zheng et al., 2019).

3.1.2. The life cycle inventory analysis

The second stage of LCA is Life Cycle Inventory Analysis
(LCI). The ABNT NBR ISO 14040 (2014) standard clarifies
that at this stage data collection and the definition of
calculation procedures must occur with the purpose of
quantifying the inputs and outputs of information clas-
sified as relevant to a given system. The data associated
with a system's processes can be classified as follows:
a) energy inputs, raw material inputs, auxiliary inputs,
other physical inputs; b) products, co-products and was-
te; ¢) atmospheric emissions, discharges to water and

k)

ASTM, LCA Commons,
MNSF, CCMPA, PCA, CRSI,
MAPA, NRMCA, FHWA
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soil, and d) other environmental aspects.

The databases used in LCA studies of road pavements
are diverse, and for some phases (such as the extraction
of raw materials from nature and manufacturing) there is
a greater diversity of information sources available, such
as those coming from entities public and private (ASTM
INTERNATIONAL, 2023; CRSI, 2022; EUROBITUME, 2020;
PCA, 2023) and literature publications themselves (Rosado
et al.,, 2017; Stripple, 2001); while for the operation phase
it is common to obtain data indirectly through calculation
models, such as the total amount of GHG emitted into the
atmosphere by motor vehicles, including variations depen-
ding on the functional conditions of the pavement over
time (Santos et al., 2018a), and the albedo effect of pave-
ments (Yu; Lu, 2014). The Figure 3 provides a comprehen-
sive overview of the main sources of free and accessible
environmental databases, both national and international,
that can be used to conduct LCA studies on highways.

Figure 3 illustrates the difference between the num-
ber of environmental data sources available in develo-
ped and developing countries. This disparity also highli-
ghts deficiencies in the establishment and utilization
of regional environmental bases by emerging nations,
such as Brazil, Malaysia and Thailand, which possess

BRE Global, INIES, IBIU, EPD ltaly, EDP
Morway, EPD Ireland, RTS, WordSteel, IEA,

EEA, Eurcbetume, Ckobaudat, Cembureau
C 1 SNy

EDP International AB
ERE Global

EDP International AB,
IBU, Ecoleaf-SuMPO

EPD Brasil, SIDAC, MMA, SICY
Brasil, CETESE, SICRO, EFE

.
i o

=

M s

o
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Figure 03: Example of countries with free and accessible environmental databases.
Source: Authors.
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inventories that lack a comprehensive account of the as-
sumptions adopted and their validation by an indepen-
dent source (Vigon et al., 2017).

The availability of environmental information related to
the production of the main components or materials used
in road infrastructure was limited for the Brazilian context.
However, it is possible to note that public national sources
that have self-declared inventory data in accordance with
the standards ABNT NBR ISO 14040 (2014) and ABNT NBR
ISO 14044 (2014), such as the Construction Environmental
Performance Information System (SIDAC) (Belizario et al.,
2022), the Environmental Product Declarations (EPD) pu-
blished by companies operating in the national Portland
cement and steel production sector (INTERNATIONAL
EPD®, 2023), and the National Bank of Life Cycle Inventories
of Brazilian Products (SICV Brasil) (IBICT, 2023).

Other sources of information with public access may
also be applicable to highway LCA studies, such as the
SICRO equipment performance parameters (DNIT, 2023¢),
already highlighted, and the vehicle emissions reports
published by the Environmental Company of the State of
Sdo Paulo (CETESB) (BRUNI et al., 2022).

The public availability of environmental databases
represents an important advance for LCA studies con-
ducted in Brazil, but it is still insufficient for the develo-
pment of a study that covers all the materials contained
in an executive road engineering project, the quantity
of which can exceed 150 different types of inputs (DNIT,
2022). One way to increase environmental information
on inputs produced in the Brazilian economy would be
the creation of new EPD’s, whose editing and validation
process is regulated by the Brazilian Life Cycle Assessment
Program (PBACV) (MDIC, 2016), with the National Institute
of Metrology, Quality and Technology (INMETRO) being
one of the main public agents responsible for conducting
this program. However, according to INMETRO (INMETRO,
2023), there is still no EPD published within the scope of
PBACV, which is partly due to difficulties related to the
lack of interest from the private sector. This indicates the
need to evaluate new government actions to encourage
the development and use of EPD in Brazil.

The lack of environmental data on products from the
Brazilian economy has led to the partial or complete use
of data from other countries in national highway LCA re-
search, as shown in Table 02.

Table 02 shows that national highway ACV research
uses data on the production of inputs such as cement, steel
and bitumen from Europe and the United States, while the
main sources of environmental data in Brazil are the EPE
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Environmental databases
Author Phase ACY
Brazil EUA Europe
(Osorto; Us
(asagrande, R,MP,T,C EPE, SICRO EPA
2023)
(Luvizao; .

Trichés, 2023) R,MP,T,U SICRO Ecoinvent
(Gravina da

Rocha et R,MP,T,C Ecoinvent
al., 2022)

(Mascarenhas Ecoinvent
etal.,, 2022) R, MPT,C EPE, SICRO Eurobitume
(DONATO et .

al, 2022) R,MP,T,C Ecoinvent
(GRAEL et )
al, 2021) R,MP,T,C EPE Ecoinvent
(PILGER et .
al, 2020) R,MP,T,C EPE Ecoinvent

(NASCIMENTO )
etal, 2020) R,MP,T,C Ecoinvent
(ROSADO et )

al, 2017) R,MP,T, C EPE usLal Ecoinvent
(SAVIETTO,
2017) R,MP,T,U,E SICRO usLcl

Acronyms: T transport; R— raw material; MP— material processing; (— cons-
truction; U- use; E- end-of-life; EPE— Empresa de Pesquisa Energética; EPA- U.S.
Environmental Protection Agency; US LCI- U.S. Life Cycle Inventory Database.

Table 02: LCA research of highways in Brazil, with the phases and some environmental data-
bases considered.
Source: Authors.

(energy matrix) and parameters operation of SICRO equip-
ment. However, in some research, it is difficult to determine
whether the data obtained from the Ecoinvent database is
specific to Brazil, related to other countries or generic.

Furthermore, it was found that the use of foreign data
in these research is not accompanied by the assessment of
the uncertainties inherent to this type of boundary condi-
tion. Another observation is that national studies focus on
comparing different paving solutions and the use of al-
ternative materials, such as recycled asphalt and recycled
aggregates, in pavement structures. National research is
concentrated in the phases of extracting raw materials
from nature, manufacturing, transport and construction.

A striking characteristic of both national and interna-
tional highway LCA studies is the absence of analyses that
encompass all aspects of a road infrastructure, including
bridges, earthworks and drainage, i.e., services that ex-
tend beyond the layers of a pavement.

3.2. LCA and uncertainties

The ABNT NBR ISO 14040 (2014) standard defines
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uncertainty analysis in LCA studies as a systematic pro-
cedure to quantify the uncertainty introduced into the
results of a life cycle inventory analysis due to the cumu-
lative effects of model inaccuracy, input uncertainty and
data variability. The standard also highlights that the
quantification of uncertainty can be determined through
the probability distribution or probability ranges of the
results, without, however, presenting more details on
how to use this technique in LCA studies.

Although it also does not provide a calculation pro-
cedure to quantify uncertainty in LCA studies, the ABNT
NBR I1SO 14044 (2014) standard recommends that the re-
sults be accompanied by sensitivity analysis and quanti-
fication of uncertainties in cases of comparative studies.
This same recommendation is contained in the ILCD
Handbook (EUROPEAN COMMISSION, 2010).

Although there are no standards to quantify uncertain-
ties in LCA, it is possible to note in the literature research
that is dedicated to the topic and that can be divided into
two groups. The first aims to establish concepts and pro-
cedures for the characterization, quantification and analy-
sis of uncertainties in LCA, without necessarily involving
a specific field of application, but focusing on the assess-
ment of uncertainties in inventory data (Canter et al., 2002;
Kennedy; Montgomery; Quay, 1996; Weidema B. P. et al.,
2013). The second group is correlated with the application
of the principles outlined by the initial group in LCA case
studies. Table 03 shows examples of life cycle assessment
studies in the road and civil construction areas, as well as
the connection between these groups and the studies.

Table 03 shows that, irrespective of the sector in whi-
ch the LCA study is being utilized, such as roads or civil
construction, the conceptual references utilized to quan-
tify uncertainties are essentially identical, albeit some of
them have been published for more than 20 years.

Among the articles initially selected (23), at least one
of the authors from "Group 1" in Table 3 was utilized to
substantiate or elaborate on the methodology employed
for evaluating the uncertainties of the studies.

3.2.1. Types and sources of uncertainty
According to Lloyd and Ries (2007), uncertainties in LCA
studies can be divided into three types: parameter, sce-
nario, and model. This division represents activities of a
typical modeling process, such as defining input data,
selecting analysis scenarios, and building the mathema-
tical model. The uncertainties attributed to these three
categories are detailed below:
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Area Group 1 Group 2
Definition of concepts Use of concepts
(Weidema, 1998;
Weidema BP etal., 2013) (Abed etal, 2023)
Road (Canteretal., 2002;

Lloyd; Ries, 2007; Mark
A.). Huijbregts et al.,
2001; Weidema, 1998)

(Canteretal., 2002;
Huijbregts; Wim
Gilijamse; Lucas
Reijnders, 2003;

Maurice et al., 2000;

May; Brennan, 2003;

Pedersen Weidema;

(Yoo; Ozer; Ham, 2019)

(Hong et al., 2016)

Suhr Wesnaes, 1996;
Weidema, 1998)

Civil construction

(Huijbregts, 1998; Lloyd;
Ries, 2007; Mark A.J.
Huijbregts et al., 2007;
Pedersen Weidema;
Suhr Wesnaes, 1996;
Weidema BP etal., 2013)

(Baiochi; Silva, 2021)

Table 02: Example of LCA studies with quantification of uncertainties (Group 2) and the main
references used in research (Group 1).
Source: Authors.

a) models’ uncertainties: involve the mathematical
models and characterization factors used in the life cy-
cle impact assessment phase to express reality (IPCC,
2006);

b) scenario uncertainties: refer to choices related to
the construction of scenarios, such as the functional
unit, allocation procedures, weight of emission factors
and time horizons (Huijbregts, 1998), and

c) parameter uncertainties: related to inventory data
and can be characterized as: data inaccuracy; lack of
data; data gaps; non-representative data; temporal
variability; spatial variability, and technological varia-
bility (Huijbregts, 1998; Lloyd; Ries, 2007; Pedersen
Weidema; Suhr Wesnaes, 1996; Weidema, 1998).

Despite the types of uncertainty mentioned, it is pos-
sible to note that some of the recent publications that
deal with the quantification of uncertainties in highway
LCA do not present clear definitions regarding the type
(whether model, scenario, or parameter) and the sources
of uncertainty that are being considered in the research,
as shown in Table 5. According to Gregory et al. (2016),
scenario and parameter uncertainties are often analy-
zed together when they should be analyzed separately.
The studies carried out by Azarijafari, Yahia and Amor
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(2018) and Ziyadi and Al-Qadi (2019) are specific cases
of highway LCA in which the types of uncertainty were
defined and evaluated individually.

The literature also shows that research on highway
LCA has focused mainly on evaluating parameter un-
certainties using sensitivity analysis techniques, data
quality index and probabilistic simulation (Abed et al.,
2023; Bressi; Primavera; Santos, 2022; Cao et al., 2019;
Mattinzioli et al., 2021; Umer et al., 2017; Yoo; Ozer; Ham,
2019). According to Ziyadi and Al-gadi (2019), the com-
plex task of measuring uncertainties related to the mo-
del and the scenario makes it difficult to establish sys-
tematic methodologies for their quantification, possibly
contributing to the scarcity of research in the road area
that addresses such types of uncertainties.

Table 04 presents the relationship between the LCA pha-
ses, the main types of uncertainty and the techniques used
for their evaluation or reduction, while Table 5 presents
some of the characteristics of the LCA studies of highways
in which uncertainties were quantified and analyzed.

4. CONCLUSION

The study in question was conducted using an SRL with
the main objective of evaluating the feasibility of applying
the LCA methodology with uncertainty analysis techni-
ques to projects involving Brazilian federal highways. In
this sense, the methodology used proved to be adequate,
as it made it possible to identify the advances and know-
ledge gaps in the subject with the indication of alternati-
ves that can be applied to the national context.

Research on LCA of highways is focused on the inves-
tigation of the environmental impacts of the phases of
extraction of raw material from nature, manufacturing,
transport and construction of road pavements. This is a
striking feature in national research, in addition to the
preponderance of analyses aimed at comparing rigid and
flexible pavement solutions, combined or not with the
use of alternative materials. However, the phase of ope-
ration or use of the highway, indicated by some authors
consulted as the main responsible for the total GHG of
road infrastructures, was little explored in the research
(16%). Elements of road infrastructure such as bridges and
drainage devices, and earthmoving services are little ex-
plored in LCA studies of highways.

Another striking feature is the lack of uniformity in
relation to the functional units used in LCA studies, whi-
ch hinders the comparative analysis of the published
results. This same observation was made in 2011 by
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Santero, Masanet and Horvath (2011a), and remains in
the most recent research.

Regarding the availability of environmental data, espe-
cially of basic inputs such as cement, steel and bitumen, it
was found that the main sources of information with free
access are concentrated in North America and Europe.
Brazil still has a limited number of environmental data on
inputs produced in its economy. Despite the advancements
observed, such as the establishment of the public databa-
se SICVBrasil and the Program PBACV, the environmental
data of Brazilian products currently available is insufficient
for the LCA study of a road construction project, where the
number of inputs can exceed 150 (DNIT, 2022).

The lack of environmental information on Brazilian
inputs explains the use of data from foreign products
in national surveys (Table 2). As a highlight, the opera-
tional parameters of the SICRO equipment and the data
published by EPE (energy matrix) are the main sources
of national information. However, despite the use of
foreign data in national studies, the quantification and
analysis of the uncertainties related to this type of boun-
dary condition was not verified.

The analysis of the main software used in the LCA of
highways shows that they have the basic rules of prepa-
ration of a traditional road budget, with the inclusion of
environmental data of the inputs and methodologies
of environmental impact. In this sense, it was identified
that SICRO can be a national alternative for the develo-
pment of LCA calculation models for highways projects,
especially because it contemplates the IPR/DNIT project
design parameters and the operating parameters of the
equipment used in field services.

Regarding the combined use of the LCA methodology
with uncertainty analysis, it was found that the main con-
ceptual references used in recent research are practically
the same, although some of them exceed 20 years of pu-
blication. The uncertainties in LCA studies are divided into
three groups: model, scenario and parameter.

LCA studies are focused on the investigation of para-
meter uncertainties with the use of techniques such as
sensitivity analysis, data quality index and probabilistic si-
mulation. It was also identified a lack of studies dedicated
to the quantification of model and scenario uncertainties,
may be a motivation for new research on the theme LCA
of highways.

No national surveys were identified in the road sector
with the joint application of LCA and uncertainty analysis
techniques.

Given this context, it can be concluded that the
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LCA Phases
Types of uncertainty Purspgggeand Inventory Impact assessment
v P, MQD, 120, MA, AS, < P, MQD, 1D, MA, AS,
Inaccuracy of data AHP. ED, EB, SMP AHP, ED, EB, SMP
Lack of data + RBD, EP, MA, RC + RBD, EF, MA, RC
Data gap + RBD, EF, MA, RC
Mon-representative data + RBD, MQD, 12D, MA,
RC, AS, AHP, MC
Temporal variation + MD, AS, AHF, ED, EB, + MD, AS, AHF, ED, EB,
MC MC
Spafial variation + MD, AS, AHF, ED, EB, + MD, AS, AHP, ED, EB,
MC MC
Technological variation + MA, AS, AHP, ED, EE, « MA, AS, AHF, ED, EB,
MC MC
Scenario
Y / RC, AS, AHP / RC. AS, AHP
Madel + MD, AS, AHP, MC + MD, AS, AHP, MC

Technigues to reduce or assess uncertainty in LCA

RC — Critical review

It ensures that the methods, data and interpretations used are appropriate
and reflect the objectives of the study.

F — Standardization

Adopting sets of predefined procedures has the potential to increase the
reliability of studies and reduce emors.

AHP — Hierarchical
analysis

It offers the possibility of assigning different weights to the data, reflecting
the relative importance of the data as a function of the greater or lesser
potential of its environmental impact, or the different uncertainties
associated with them.

SMP — Probabilistic
Simulation

Used to estimate the range and probability of the possible values of a study
based on the propagation of the uncertainties of the input data in the result.

RBD - Database review

[t allows the identification of possible factors that may impair the quality of
the study, such as measurement errors, or the identification of other
databases with better gquality or that are more appropriate to the situation
under study.

MQD — Data Quality
Goals

It lists the desirable qualitative characteristics for the input data of the LCA
study.

ED — Basic descriptive
statistics

It encompasses the analysis of data with the aid of classical statistics, such
as: mean, median, standard deviation and variance.

EB — Bayesian Statistics

Some subjective uncertainties can follow a freguency of occurrence and be
treated with the use of basic statistics.

MC — Scenario Modeling

The evaluation of different scenarios allows us to observe the reflections of
the chaoices in the results of the LCA study.

AS — Sensifivity analysis

Recommended to identify which input data have the greatest contribution to
the uncertainty of the result, as well as what the effects on the results of a
study are as a function of the methods and data selected.

MD — Detailed models

Improving the structure of the models and their parameterization can result
in a better understanding and characterization of errors.

MA — Additional
measures

The random errors of a sample can be reduced by increasing the number of
measuremeants.

EF — Parameter
estimation

Data obtained from literature references or estimated based on processes
aof similar systems.

DQl — Data Quality Index

Parameters assigned to the inventory data and that allow to measure its
overall gquality.

Table 04: Relationship between LCA phases, types of uncertainty and techniques for their assessment or reduction.
Source: IPCC (2006), Hujibregts (1998) and ABNT NBR IS0 14044 (2014).
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Phases Uncertainty
Ref. Country Goal - Analysis
ACVY Parameter Scenarioc Model technique Software
Sensitivity
(ABED et al., MP, C,  Quantify and incorporate uncertainties associated with the durability Monte .
2023) England U F of the asphalt pavement surface in LCA results. v Carlo® SimaPro
Statistics
(SBPRREﬁ(S;l_; ltaly WP Compare enuirqnmen_tal impacis_ between |1_'g id and flexible J . aiﬁgmw NA
SANTOS, 2022) pavement solutions with uncertainty analysis. Carlo®
(MATTINZIOLI et . o o Toinvestigate the influence of data variabilty and uncertainty on , ) Y MA
al., 2021) P ! LCA results of asphalt pavements. Carlo® o
. MP, C,  LCA study with uncertainties in the comparative analysis of asphalt Sensitivity
(CADetal, 2019)  China R, F pavement solutions with tire residues. v Monte Carlo NA.
Monte
(ZIYADI: AL- Establish a LCA study methodology with the individualized analysis Carlo®
QADI 2"]1 9) Germany U of different types of uncertainty and apply it in a case study of v v s Machine L. MNLA.
: highway operation. Bayesian
Sensitivity
] L . . . . AHP
(YO0, OZER; Quantify the uncertainties and environmental impacts in the main . .
HAM, 2019) usA P pavement construction processes. v ng::?;? SimaFro
. - . . AHP
(YU; LIU; GU, . Calculate the consumption of primary energy in the production of +
2018) China P paving materials with the inclusion of uncertainties in the results. v ng::?;? Crystal Ball
(AZARIJAFARI; MP C To evaluate the individual and combined effects of data uncertainty Sensitivity
YAHIA; LOVE, Canada R F *  and variability in the LCA comparison of rigid and flexible v v Monte SimaFPro
2018) ' pavements. Carlo®
(UMER et al., Evaluate the environmental impacts and costs of three types of
2017) Canada R pavements with the quantification of uncertainties. v Fuzzy NA.
(LIU; WANG; LI, . Quantify CO2 emission with uncertainties for different rigid and . -
2017) China MP, C flexible pavements. V' Statistics M.A.
(GREGORY et 00 MP, C. Propase a LCA methodology with uncertainties and apply it in a , “é“::l‘;e NA
al., 2018} R, F pavement case study. Sensitivity
(NOSHADRAVAN USA R LCA analysis between rigid and flexible floors with the guantification " Monte NA
etal, 2013) of uncertainties of the input data. Carlo® o

Table 05: Highway LCA studies with uncertainty quantification and analysis.
Source: Authors.
Note: (1) Data quality index and probabilistic simulation techniques were combined.

(*) Type of uncertainty that was not explicitly stated, but there is doubt as to its consideration in the study;

N.A: Information not shown.

application of the LCA methodology with uncertainty
analysis in projects of Brazilian federal highways appears
to be possible, especially when considering the stages of
extraction of raw material from nature, manufacturing,
transportation and construction, phases of the life cycle
of highways with more expressive advances in terms of
national LCA research. Furthermore, due to the limita-
tions associated with the availability and quality of en-
vironmental data on local road inputs, it is important to
develop research that considers the uncertainties of the
input parameters of national studies. The impacts in ter-
ms of variability of the results of the LCA study can be sig-
nificant, depending on the quality and origin of the data.

However, for a definitive conclusion on the technical feasi-
bility of using the LCA methodology with uncertainty analysis,
it is crucial to advance in additional research in the area, pre-
ferably with case studies that incorporate DNIT's executive hi-
ghways projects, including all its service families, and not only
the inputs and services related to the pavement.

Finally, this article presents elements that can be used
as starting points for the development of new research on
the subject at the national level.
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ABSTRACT
In the face of the global need to reduce resource consumption, environmental certifications emerge as a possi-
bility for efficiency gains in the construction industry. This study aimed to assess the energy and water efficiency

of a vertical multifamily green residential building located in Belém, in the Brazilian Amazon. The energy and
water consumption data of two similar buildings were compared, with only one implementing mandatory gre-
en practices and technologies for Leadership in Energy and Environmental Design (LEED) Envelope and Core
certification. As a result, water consumption was 30.64% higher than estimated. On the other hand, electricity
consumption was 24.6% below the estimated project and 1.73% below the per capita consumption obtained
for the building constructed without any green practices or technologies. These results demonstrate that the
adopted green technologies were able to improve the energy efficiency of the studied building. However, they
had low water efficiency, attributed to user behavior patterns and the LEED's inability to meet the region's water
requirements. To address this issue, changes to certification criteria are suggested.

KEYWORDS

Green building; LEED; water; energy; construction industry.

RESUMO

Diante da necessidade global em reduzir o consumo de recursos, as certificacées ambientais se apresentam como uma
possibilidade de ganho de eficiéncia na construcdo civil. Este trabalho buscou avaliar a eficiéncia energética e hidri-
ca de uma construgédo verde multifamiliar residencial vertical localizada em Belém, na Amazénia brasileira. Foram
comparados os dados de consumo energético e hidrico de dois edificios similares, onde apenas um deles implemen-
tou prdticas e tecnologias verdes obrigatdrias para a certificagdo ambiental Leadership in Energy and Environmental
Design (LEED) Envoltéria e Ntcleo Central. Como resultado, foi obtido que o consumo de dgua foi maior que o estima-
do em 30,64%, por outro lado, o consumo de energia elétrica foi 24,6% abaixo do estimado em projeto e 1,73% abaixo
do consumo por pessoa obtido para a edificacéo construida sem qualquer prdtica ou tecnologia verde. Estes resulta-
dos demonstram que as tecnologias verdes adotadas foram capazes de melhorar a eficiéncia energética do edificio
estudado. No entanto, tiveram baixa eficiéncia hidrica. Isto foi atribuido ao padrdo de comportamento dos usudrios

O

http://dx.doi.org/10.29183/2447-3073.MI1X2024.v10.n1.93-108
ISSN: 2447-0899 (IMPRESSA) | 2447-3073 (ONLINE) Mix Sustentavel | Floriandpolis | v.10 | n.1| p.93-108 | MAR. | 2024



Analysis of water and energy consumption in a vertical green residential building in the Amazon | R. S. de Magalhdes; W. B. Santana; L. M. F. Maués; G. I. F. Chaves.
https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.93-108

e d incapacidade do LEED em atender as necessidades da regido nos requisitos hidricos. Para melhorar esta questdo
sugere-se alterac6es nos critérios da certificagdo.

PALAVRAS-CHAVE

Construgoes verdes; LEED; dgua; energia elétrica; construgdo civil.

RESUMEN

Ante la necesidad global de reducir el consumo de recursos, las certificaciones ambientales se presentan como una
posibilidad de ganar eficiencia en la construccion civil. Este trabajo buscé evaluar la eficiencia energética e hidrica
de una construccion verde multifamiliar residencial vertical ubicada en Belém, en la Amazonia brasilefia. Se com-
pararon los datos de consumo energético y hidrico de dos edificios similares, donde solo uno implementé prdcticas y
tecnologias verdes obligatorias para la certificacion ambiental Leadership in Energy and Environmental Design (LEED)
Envolvente y Nucleo Central. Como resultado, se obtuvo que el consumo de agua fue mayor en un 30,64% que lo
estimado. Por otro lado, el consumo de energia eléctrica fue un 24,6% menor al estimado en el proyecto y un 1,73%
por debajo del consumo por persona obtenido para la edificacién construida sin ninguna prdctica o tecnologia verde.
Estos resultados demuestran que las tecnologias verdes adoptadas fueron capaces de mejorar la eficiencia energética
del edificio estudiado. Sin embargo, tuvieron una baja eficiencia hidrica, atribuida al comportamiento de los usuarios
y ala incapacidad del LEED para satisfacer las necesidades de la regién en cuanto a requisitos hidricos. Para mejorar
esta cuestion, se sugieren cambios en los criterios de la certificacion.

PALABRAS CLAVE

Edificaciones sostenibles; LEED; agua; energia eléctrica; construccion civil.
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1. INTRODUCTION

Historically, the construction industry is one of the sectors
with the greatest environmental impact, primarily due to
its consumption of natural resources. It accounts for 40%
of global primary energy consumption (YUSOF, 2017) and
natural resource consumption (ZHAO et al., 2019). In Brazil,
construction consumes over 50% of the total extracted
resources, also compromising the country's abundant mi-
neral reserves (ROSADO et al., 2017)

This occurs because, despite the intense chase of
progress, there was not sufficient concern for the cons-
cious use of natural resources, which until the middle of
the last century were seen as limitless (OLIVEIRA, 2007;
SONDEREGGER et al., 2017). In an effort to develop a new
relationship with the environment, the construction in-
dustry currently faces the challenge of reducing the con-
sumption of natural resources and energy (AKHTAR, 2018)

With this purpose, the adoption of sustainable cons-
truction technologies and practices stands out, which are
based on alternatives for minimizing waste production, as
well as optimizing energy and water consumption (Sodiq
et al., 2019), such as the use of solar panels, eco-frien-
dly pavements, rainwater harvesting, and green roofs
(SIVIRINO, 2021). Consequently, these measures allow for
the preservation of the natural environment, enabling the
construction industry to reduce environmental impacts,
improve building efficiency, and construct buildings that
meet users' needs (SANTOS et al., 2015).

Among these measures, green building labels (GBL)
have already contributed to certifying over 850,000 green
buildings worldwide (SANTANA et al., 2023). These green
buildings labels are based on the encouragement and
recognition of environmentally responsible projects in
the construction industry, promoting sustainable design
practices and stimulating green competition (PASSOS &
BRUNA, 2019). In addition to encouraging waste reduc-
tion and the use of green materials, practices, and tech-
nologies throughout the construction production chain
(ATANDA & OLUKOYA, 2019).

In this context, there are several green building labels,
including AQUA-HQE, a French certification that assesses
the effects of building or rehabilitating structures, analy-
zing the external environment, user comfort, and health
throughout all phases of the project (VANZOLINI, 2023).
The Casa Azul Plus label from Caixa Econdmica Federal,
granted to projects financed by Caixa Econdmica Federal,
aims to raise awareness about the social and economic
benefits of sustainable construction. It also aims to reduce
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maintenance costs and monthly expenses for its users
(SCHAMNE et al., 2021). In this context, the Leadership in
Energy and Environmental Design (LEED) stands out as
one of the most recognized and widely used certifications
worldwide, with a broad portfolio across various types of
projects (DARKO et al., 2019).

In Brazil, LEED stands out as the GBL with the highest
number of certifications (Santana et al., 2023), leading a mo-
vement towards reducing the environmental impacts of
constructions that has been gradually evolving in the cou-
ntry (GOMES, 2018). In the current scenario, many buildings
are showing interest in adopting these GBL to contribute to
the environment and, consequently, enhance the credibility
of the project (SILVA & PARDINI, 2010; LIMA, 2019).

Knowledge about the performance of certified buil-
dings in Brazil is limited, especially due to the confidential
nature of the information, as a significant portion of certi-
fied buildings belongs to the private sector (USGBC, 2023).
Additionally, the financial investiment needed to meet
certification criteria might deem specific projects econo-
mically unfeasible, particularly considering the American
certification standards within the Brazilian context (RECH
etal., 2018). Furthermore, doubts persist regarding the ac-
tual performance of LEED buildings (ZHANG et al., 2018),
as some studies yield negative results while others report
positive efficiency outcomes for these constructions: in
the United States, no significant performance improve-
ments were observed when examining 465 federal green
buildings and 11,006 conventional ones (CLAY et al., 2023;
LUO et al., 2021); in India, a 34% higher energy efficien-
cy was achieved for 4 LEED buildings (SABAPATHY et al.,
2010); in Dubai, gains of 30% and 27% were observed for
energy and water, respectively, in 9 schools (ELKHAPERY
et al., 2021); in Brazil, values 30% and 200% higher for
energy and water consumption, respectively, were obtai-
ned in a commercial LEED building with 11,000m? of cons-
tructed area (KERN et al., 2016). These factors raise ques-
tions about the true potential applicability and efficiency
of this GBL in the Brazilian construction industry.

In order to contribute to this discussion and investiga-
te the applicability of LEED in residential buildings in the
Amazon region. This study aimed to assess the energy and
water efficiency resulting from the implementation of man-
datory requirements for LEED certification (Envelope and
Core) in a vertical residential building located in the Amazon.

2. THEORETICAL FRAMEWORK

2.1. Construction Industry
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The construction industry is a vital global sector, em-
ploying a significant number of people, generating in-
come, and contributing to the development of many re-
gions. It is a crucial sector for improving the quality of life
for populations, regardless of a country's level of develo-
pment (TABASSI et al., 2016). According to the U.S. Bureau
of Economic Analysis (BEA, 2019), in just the third quarter
of 2019, the construction industry in the United States
generated over $650 billion and employed more than 7
million people. The Chinese construction industry, on the
other hand, presented even more significant figures du-
ring the same period, with a contribution proportional to
the size of its market. According to the National Bureau of
Statistics of China (NBS, 2019), the industry was responsib-
le for $6.7 trillion of the country's Gross Domestic Product
(GDP), providing income for over 55 million people. In
Brazil, albeit on a smaller scale, the construction industry
remains one of the main economic drivers, creating jobs
in various sectors of the economy and stimulating the
domestic market (FIALHO et al., 2014). According to IBGE
(2020), the construction industry in Brazil is recovering af-
ter years of crisis, generating more than 120,000 jobs in
2019 and surpassing 10 million employees, contributing
R$14.2 billion to the Brazilian GDP.

Despite its fundamental importance, this industry is
also responsible for high levels of environmental pollu-
tion in various regions worldwide (YUSOF et al., 2017). For
example, the urbanization process of cities has led to en-
vironmental impacts such as wildfires, deforestation, soil,
and river pollution due to the need for space for growth
and infrastructure (GONCALVES et al., 2014; HYDE et al.,
2018).

In addition to the impact caused before and during
construction, it is essential to assess the effects that the
outcomes of this activity generate. Regarding waste,
the study by Estanqueiro et al. (2018) exemplifies that
the construction industry in Europe generates over 100
million tons of waste annually, many of which are poorly
managed, causing environmental damage. For the au-
thors, HUANG et al. (2018), who analyzed construction
and demolition waste (CDW) in China, the amount rea-
ches up to 40% of the total from all sectors combined. In
Brazil, approximately 50% to 70% of solid waste found in
urban environments comes from the construction indus-
try (GOMES et al., 2021).

In addition to the visible waste generated on-site from
demolition and construction activities, the construction
industry also significantly impacts air pollution by emit-
ting toxic gases, contributing to the greenhouse effect,
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particularly carbon dioxide (CO2) (AKAN et al., 2017).
Carbon dioxide alone accounts for 72% of all emissions
contributing to the worsening of the greenhouse effect,
which, in 2015, proportionally led to a 1°C increase in ave-
rage global temperatures (QIAO et al., 2019),and currently,
the year 2023 is proving to be the hottest year on record,
with an average temperature 0.85°C above historical me-
asurenments (G1, 2023). While seemingly not a highly
significant value, the constant acceleration of global war-
ming disrupts ecosystems and, as a consequence, leads
to a higher number of climate catastrophes around the
world (HOEPPE, 2016). Adverse climate events, increasin-
gly unpredictable and more frequent natural phenome-
na, pose challenges to engineering, demanding improved
infrastructure and the development of new technologies.

2.2. Sustainability and Energy Efficiency

The notion that natural resources, even if widely extrac-
ted and used indiscriminately, would be inexhaustible re-
gardless of the quantity consumed (OLIVEIRA, 2007) had
its validation discredited decades ago (DI VITA, 2006). It
is now widely acknowledged that uncontrolled manage-
ment of these resources leads to their premature deple-
tion, preventing nature from having sufficient time for
replenishment (ABOU ZAHR DIAZ et al., 2019; LONGONI et
al., 2018; MCKINLEY et al., 2017). Such excessive consump-
tion, coupled with rapid exhaustion, directly impacts na-
tural cycles, resulting in climate changes that affect air
quality, water availability, energy supply, and food pro-
duction in the directly affected regions and their areas of
influence (ZAMAN et al., 2017).

The dilemma in the construction industry is the pur-
suit of more sustainable materials without giving due
importance to the reuse of existing materials. The neces-
sary change requires a mindset instilled from academic
education to demonstrate that the development of new
materials and technologies is not the sole path to a more
sustainable construction (SIEFFERT et al., 2014). In this sen-
se, it is essential to note that for sustainable construction
to exist, attention must be given to the three pillars: eco-
logical sustainability, economic opportunity, and social
inclusion. This is crucialfor transitioning from a polluting
society to a sustainable one (AWADH, 2017, BROMAN &
ROBERT, 2017; LU & ZHANG, 2016).

Considering these aspects and following the global
trend, sustainable construction has been a sector that
needed to reshape itself in recent decades to align more
with these concepts (TABASSI et al., 2016). In this context,
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the concept of Low-Carbon Neighborhoods and Cities
emerges. These are urban clusters that, through cons-
cious practices and the use of renewable energy sources,
manage to reduce greenhouse gas emissions and mini-
mize environmental and climate impacts. This approach
aims not only to transform isolated developments but
to change the lifestyle of entire communities, experien-
cing increasing demand in Brazil and other countries as
an alternative in the construction process (ASSAF, 2011;
BENITES et al., 2020).

2.3. Green Building Labels (GBL)

Shifting the production process in construction, though
challenging, has become a global necessity, involving
the more conscious and regulated use of natural resour-
ces. Ignoring this shift in principles may result in a high
environmental and quality of life cost for nations (LU &
ZHANG, 2016; MENDES, 2022). This change becomes viab-
le only when the concepts of sustainable construction are
understood and applied, internalizing the need to "think
globally, act locally" (SIEFFERT et al., 2014). With this new
reality, the first GBL aimed at the construction industry
emerged, where green projects would be assessed for
desired environmental criteria, reducing consumption
and waste and serving as an official acknowledgment for
builders contributing to the environment (HE et al., 2018).

GBL aims to balance the social, environmental, and
economic pillars and discover new strategies to incorpo-
rate environmentally friendly concepts into people's daily
lives. The goal is to bring about a process of change, not
just achieve certification. GBL are particularly important
in developing countries where the construction industry
holds significant economic importance due to infrastruc-
ture and housing demands (AKAN et al., 2017). In these
countries, building certification can not only contribute to
sustainability but also attract international investments by
utilizing globally recognized labels. The primary interna-
tional GBL include the Building Research Establishment's
Environmental Assessment Method (BREEAM), created
in the United Kingdom, which established environmen-
tal assessment criteria for buildings and set standards
for best sustainable practices (Ding et al., 2018), and the
Leadership in Energy and Environmental Design (LEED),
developed by the United States Green Building Council
(USGBCQ), a non-governmental organization that created
LEED to define, standardize, and promote sustainab-
le projects in the United States (STEFANUTO & HENKES,
2013).
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Being one of the first certifications established, LEED
has transcended the boundaries of its country of origin
and is widely accepted in many others, not just for resi-
dential certification but also for commercial buildings and
public spaces (CANDAS & TOKDEMIR, 2019; LU & ZHANG,
2016). In addition to energy consumption reduction, LEED
considers other factors such as water consumption, at-
mospheric impact, waste generation, human experience,
and project location. The goal is to promote green com-
petition and raise consumer awareness of the importan-
ce of environmental performance in buildings (PASSOS &
BRUNA, 2019).

In this context, the World Green Building Council
emerged to adapt LEED to the reality of various countries,
currently having 21 members, including the Brazil Green
Building Council, which adapted certification parameters
to Brazil's social and construction context (FASTOFSKI et
al., 2017). With this new trend, GBL spread worldwide,
playing a significant role in stimulating a paradigm shift
(OBATA et al., 2019). However, it's important to note that
despite the benefits gained through the process, imple-
menting the LEED certification initially incurs additional
costs in construction. According to the estimate by Ugur
and Leblebici (2018), this cost increase can vary between
4% and 11% of the total budgeted value, considering both
the cost of implementing measures and the bureaucracy
for project certification, depending on the project's scale
and intended level.

3. METHODS

For the conception of this study, an exploratory research
with quantitative analysis was conducted to achieve the
objective of measuring the energy and water consump-
tion of a vertical residential green building. In this context,
a green building refers to a vertical residential structure
that meets the mandatory requirements for LEED certifi-
cation (Envelope and Core). To accomplish this goal, the
research was divided into four stages, detailed as follows:
a) In the initial stage, the LEED requirements met by
the studied green building were investigated, specifi-
cally those related to "Water Efficiency” and "Energy
and Atmosphere."
b) Subsequently, the electric energy consumption of
the green building was measured and compared with
the consumption of a conventional building, posses-
sing similar standards and characteristics to its coun-
terpart but without the implementation of any green
construction technologies.
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c) Similarly, water consumption data were collected
for the green building and compared with the con-
sumption of the same conventional building.

d) Finally, the findings from the energy and water

consumption comparisons were analyzed, conside-

ring the impact of green building technologies and
practices on the overall efficiency and sustainability of
the construction.

By systematically following these four stages, this re-
search aims to provide valuable insights into the energy
and water efficiency of green residential vertical buildin-
gs and their impact on resource consumption in compa-
rison to conventional structures. The data collected and
analyzed in these stages contribute to a comprehensive
understanding of the potential benefits and challenges
associated with sustainable construction practices, par-
ticularly as they pertain to the LEED certification criteria.

3.1. Description of the Green Building and
Conventional Building

The evaluated green buildingis aresidential structure con-
sisting of 30 typical floors, with one apartment per floor,
offering two floor plan options of 195.01m? and 200.64m>
of private area, along with 96 parking spaces and three
elevators - one for regular use, one for service, and one
for emergencies. The building's communal area includes
facilities such as children's and adult swimming pools, a
gourmet space, a multipurpose court, a gym, a party hall,
asauna, a playroom, and a game room. This development
is situated in Belém, in one of the neighborhoods with the
highest per capita income in the entire metropolitan re-
gion (DA SILVA & LOBO, 2019).

With the goal of offering a distinctive product, the
management of this project initially decided to pursue
LEED certification for Envelope and Core, aiming to achie-
ve the Silver level. This would make the building the first
residential development in the entire northern region of
Brazil to attain an GBL. However, during the construction
phase, the construction company chose not to proceed
with the certification process due to the high costs asso-
ciated with paying the fees required by LEED.

While the initial intention was to achieve LEED certi-
fication and demonstrate the commitment to environ-
mental sustainability, the decision to forgo the certifi-
cation highlights the financial challenges and trade-offs
that construction companies often face when pursuing
green building initiatives. This case underscores the com-
plex considerations involved in integrating sustainable
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practices into construction projects and the need to ba-
lance environmental goals with economic feasibility. Even
so, several green building technologies were implemen-
ted in its construction, as shown in Table 01.

In Table 01, we also observe a comparison with the
conventional building, investigated to enable a compari-
son with energy and water consumption data. According
to Table 01, both buildings present very similar characte-
ristics, such as area, purpose, common areas, number of
floors, rooms, and bathrooms per apartment. However,
they differ in the number of air-conditioned spaces and

Criteria GREEN Building Conventional building

Purpose Residential Residential

Area 195.01m? e 200.64m? 193.05m’ e 200.64m’
Children's and adult Children's and adult
swimming pools; swimming pools;
Gourmet space; Gourmet space; Sport

Common area . )
Sport court; Fitness court; Fitness space;
space; Party hall; Spa; Party hall; Playroom;
Playroom; Playground Playground

Number of floors 30 30

Number of apartments | 1 2

Number of bedrooms 3 3

Number of bathrooms 5 5

Number of elevators 3 3

1in each bedroom + 1

. o 11in each bedroom,
in the living room + 10n

Number of air-con-

ditioned spaces the balcony, totaling 5 totaling 5
Gourmet balcony Yes No
Use of porcelain tiles
with asolar reflectance | Yes No
index between 55 and 45
Doors made of wood
certified by the Forest Yes No
Stewardship Council
Use of paints, sealers,
and putty with fewer Yes No
pollutants
Glass facade with
Stick-type system Yes No
(hange of cables in the Yes No
electrical downcomer
Use of more economical

Yes No
crockery and metals
LED lampsiin Yes No
common areas
Elevators with more
efficient energy Yes No

consumption

Table 01: Comparison between the LEED building and the conventional building.
Source: Authors.
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apartments per floor, resulting in higher electrical project
demands for the Green building.

3.2. LEED REQUIREMENTS DIAGNOSIS

LEED, like many other GBL, operates on a scoring system,
where there are mandatory requirements that all projects
must meet, as well as optional ones that provide additio-
nal points for projects aiming to achieve higher levels of
sustainability, such as Silver, Gold, or Platinum.

In order to attain the Silver level of LEED certification
for Envelope and Core, the green building under study
needed to earn points beyond the mandatory require-
ments. To achieve this, the construction company defined
which requirements they would pursue and adopted va-
rious green construction practices and technologies with
the aim of obtaining the certification.

However, with the inability to complete the certifica-
tion process, some of these requirements might not have
been fully implemented. As a result, this study conducted
a thorough assessment of the requirements that were ful-
filled by the green building.

The implementation diagnosis was carried out throu-
gh document analysis and on-site inspections, involving a
review of the implemented items in the "Water Efficiency”
and "Energy and Atmosphere" categories. These catego-
ries are linked to the technologies and practices manda-
ted by the certification, with the purpose of reducing the
building's electricity and water consumption.

By rigorously evaluating the implementation status of
these requirements, the study provides insight into the
extent to which the green building adhered to the inten-
ded environmental goals and practices outlined by the
LEED certification guidelines.

3.3. Energy Consumption

Next, an analysis of the energy savings achieved throu-
gh the implementation of some of the LEED measures in
the studied green building was conducted. This analysis
aimed to verify the actual reduction in consumption in
the building when compared to another building that
followed conventional construction methods without any
interventions aimed at GBL.

Through an examination of the green building's elec-
trical design, the expected consumption for the residen-
tial units was identified based on average consumption
and calculation methods established by the National
Electric Energy Agency (ANEEL, 2015). The comparisson
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between the expected project consumption with the
observed energy consumption is important because it
allows considering distortions resulting from differences
between the developments, such as the absence of air
conditioning in the living room and balcony of the con-
ventional building.

Next, was collected the energy comption of the buil-
dingsin kilowatt-hours (kWh). The data was directly collec-
ted from the Individual Energy Meter (IEM) of each apart-
ment and the communal area, collected over a period of
19 months, spanning from July 2019 to January 2021.

For the comparative analysis of the energy consump-
tion, data regarding average consumption per inhabi-
tant were utilized to avoid variations resulting from the
number of inhabitants. Additionally, this analysis helped
determine whether the expected consumption based on
the design was in line with, below, or exceeded the actual
consumption of the green building.

By performing this analysis, the study aimed to assess
the tangible impact of LEED measures on energy con-
sumption, thereby providing insights into the effective-
ness of the green building's sustainable practices in con-
trast to a conventional building.

3.4. Water Consumption

In this phase, data regarding the monthly water consump-
tion of each residential unit in the green building was col-
lected, spanning from August 2020 to April 2021. This was
achieved by tracking the recorded values directly from
the water meter of each individual dwelling on a mon-
thly basis, allowing for the identification of water usage
patterns.

The key reference value, crucial for accurate result
comparison, is set by the local water and sewage utili-
ty company, COSANPA, for new vertical buildings in the
state of Para. In the specific case under consideration,
COSANPA establishes a total of 1,000 liters per day per re-
sidential unit with three or more bedroom:s.

However, it was not possible to conduct a comparative
analysis with the conventional building due to the absen-
ce of individual water meters in that particular structure.
These meters were removed shortly after the issuance of
the "Habite-se" document by the Fire Department, which
is granted shortly after the building's delivery to clients.

Given the aforementioned limitations, two distinct
comparisons can be made regarding this project:

(@) A comparison between the estimated consump-
tion based on COSANPA's projections and the actual
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consumption obtained.

(b) A comparison of the overall reduction in water
usage between the obtained data during the specified
period and the LEED-predicted water usage reduction
based on the employed water efficiency technologies.

Through these comparisons, the study aimed to
evaluate the extent to which the green building's water
consumption aligned with both local regulatory expecta-
tions and LEED-predicted reductions, shedding light on
the building's water-saving practices and the effective-
ness of implemented water-efficient technologies.

4. RESULTS AND DISCUSSION

The research produced significant results regarding
the energy consumption of the green building in compa-
rison to the structure that did not incorporate any green
construction technologies. A significant improvement in
electricity consumption was observed in the green buil-
ding. However, it is worth noting that the water consump-
tion of the green building exceeded that of the conven-
tional building. These outcomes, alongside the diagnosis
of the LEED requirements implemented in the green buil-
ding, will be deliberated upon in the following sections.

The subsequent sections will delve into a comprehen-
sive analysis of these findings, providing insights into the
reasons behind the observed energy and water consump-
tion patterns. Moreover, a detailed discussion will be pre-
sented on the extent to which the LEED requirements
were successfully integrated into the green building, con-
sidering the factors that may have contributed to the di-
vergent water consumption results.

By scrutinizing the data and the implementation of
LEED standards, the study aims to offer a comprehensi-
ve understanding of the energy and water consumption
dynamics, allowing for a nuanced interpretation of the
observed outcomes. This analysis will facilitate a robust
examination of the building's overall sustainability perfor-
mance and provide valuable insights for future endeavors
in green construction practices.

4.1. Results From The LEED Requirements
Diagnosis

To provide a foundation for the research discussions, a diag-
nostic assessment was conducted to ascertain which green
technologies were effectively implemented by the cons-
truction company in the "Water Efficiency” and "Energy and
Atmosphere" categories, which are the focus of the study.
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Through this diagnostic analysis, it was observed that
all mandatory requirements in both categories were ful-
filled by the construction company. Additionally, partial
compliance was noted with the optional requirement to
"optimize energy performance".

Concerning water credits, the mandatory criteria were
met through the use of individualized meters and the se-
lection of efficient fixtures and fittings with reduced flow
rates, achieving the targeted 20% water savings for this
category. Furthermore, the landscaping of the green buil-
ding does not require a permanent irrigation system and
is maintained at a low frequency, fully satisfying the man-
datory LEED criteria for Envelope and Core.

Likewise, the requirements related to the "Energy and
Atmosphere" category also encompassed the mandatory
aspects. To achieve this, a specialized company was hi-
red to conduct building commissioning and verification.
Additionally, the building incorporated smart elevators,
more efficient electrical cables, and an exterior cladding
with higher reflectance index, enhancing thermal com-
fort and aiming for a 10% or greater reduction in elec-
tricity consumption. Moreover, all air conditioning units
installed in common areas were selected to avoid refrige-
rants that harm the ozone layer, utilizing CFC-free options.
Finally, as required by the electric utility company, indivi-
dual energy meters were installed for each consumer unit.

In addition to the technologies implemented, the-
se interventions enabled the partial achievement of the
"Optimize Energy Performance" credit. According to the
report from the company that conducted the LEED certifi-
cation process, it was possible to achieve a 14% reduction
in electricity consumption for the green building through
computational simulations. This outcome highlights the
successful integration of energy-efficient strategies and
their positive impact on overall energy consumption, alig-
ning with the goals of sustainability and environmental
responsibility set by the LEED certification.

4.2. Results From Energy Consumption

The analysis of energy efficiency was conducted after
identifying the implemented green technologies. For
this, the project's energy consumption was estimated,
and then the per capita consumption was measured to
ensure that the data were not distorted by apartments
with varying occupancy rates.

The project's energy consumption was calculated
based on average consumption data established by
the National Program for Electric Energy Conservation
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(PROCEL, 2010) and updated with current appliances and
equipment data obtained from the architectural projects
of the buildings. As a result, a higher estimated energy
consumption was obtained for the green building (913.63
kWh), mainly due to the cooling of the living room and
gourmet balcony, which does not occur in the conventio-
nal building (604.69 kWh).

Regarding the energy consumption of the buildings.
The data were collected on a monthly basis from the elec-
tricity bill statements, measured in kWh, over a period
of 19 months, spanning from July 2019 to January 2021.
Moreover, apartments with incomplete or no consump-
tion data, as well as unoccupied units, were excluded
from the analysis to prevent negative distortion of the
obtained results. Table 02 presents the estimated con-
sumption and the average of the measured consumption.

Consumption of electrical energy (kWh)
Descri¢ao
¢ G.'“." Conventional building
building
Baseline
project 913.63 604.69
(PROCEL,2010)
Actual on-site
measured 688.84 506.81
average
Reductionin
consumption
compared to 24.60% 16.19%
the baseline
project

Table 02: Comparison between projected electricity consumption and measured average
consumption.
Source: Authors.
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Figure 01: Comparison of monthly electricity consumption per person in kWh.
Source: Authors.
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The results demonstrate that the green building achie-
ved a greater reduction in energy consumption (24.60%)
compared to the project than the conventional building
(16.19%), despite the conventional building having a lower
average energy consumption.

This greater reduction in consumption compared to
the project demonstrates the better energy efficiency of
the green building, resulting from the technologies em-
ployed. Although the green building generated higher
energy consumption values, these values were lower
than expected considering the electrical project and the
expected consumption patterns for both buildings.

To corroborate these results, the monthly energy
consumption per person was calculated. Figure 01 reve-
als that the average per capita consumption of the two
buildings is statistically similar, showing a minor variation
over the period. Within this timeframe, the average ener-
gy consumption of the green construction was 211.25
kWh, compared to 214.91 kWh for the conventional buil-
ding, resulting in a variation of 1.73%.

4.3. Results From Water Consumption

These results demonstrate that despite an expected hi-
gher consumption per person for the green building,
both constructions exhibit similar consumption patter-
ns. This can be attributed to the green technologies em-
ployed, which, in the studied case, were able to equalize
energy consumption per person even when considering
the more demanding consumption conditions adopted in
the electrical project of the green building.

Jul-20

Apr-20
May-20
Jun-20
Aug-20
Sep-20
Oct-20
Nov-20
Dec-20
Jan-21

s Conventional building
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Figure 02: Comparison of monthly water consumption per person in kWh.
Source: Authors.

Another evaluated factor was the individual water con-
sumption data of each housing unit, in order to investigate
how they correlate with the project estimate and the antici-
pated reduction due to the adoption of green technologies.

This category, named "Rational Water Use," has a sin-
gular prerequisite: achieving a minimum 20% reduction
in the overall consumption of this water resource. By
doing so, it becomes possible to optimize efficiency and
alleviate the burden on the local utility's water supply
and sewage collection systems.

The construction company implemented several gre-
en technologies to attain this benchmark. Among these,
the installation of dual-flush toilets, aerator-equipped
faucets, and more efficient showers were introduced to
achieve the desired water savings.

Considering the provided information, monthly
consumption data per housing unit in cubic meters
were gathered over the past nine months. These data
points are displayed in Figure 02, alongside the refe-
rence line set by the water and sewage utility, as well
as the minimum 20% reduction stipulated by LEED
(Leadership in Energy and Environmental Design).

Figure 02 provides a clearer understanding of the
water consumption pattern over the observed period.
In general, the average water consumption of the gre-
en building apartments remained above the projected
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Jan-21  Feb-21 Mar-21 Apr-21

Conventional building estimation

estimate, and consequently, above the LEED ideal. Over
the nine-month period, an average of 31.35 cubic meters
of water was consumed per unit, exceeding the estima-
ted 30 cubic meters by COSANPA.

In percentage terms, the green construction recorded
a water consumption 4.51% higher than the utility refe-
rence and 30.64% higher than the LEED certification pro-
jection. Throughout the nine months of observation, in
five of them, the building's consumption values fell below
COSANPA's estimate, yet still remained above the ideal re-
duction envisioned to attain LEED category credits.

On the other hand, in the other four months, the re-
corded value exceeded both the certification's expecta-
tion and the utility's estimate. Supporting these findings,
Menassa et al. (2012) concluded that certification alone
does not necessarily result in the proposed reductions
in water and energy aspects. In the cases studied by the
authors, most evaluated buildings were unable to even
achieve the minimum result expected by the certification.

Another study conducted by Alborz and Berardi
(2015) observed similar challenges in reducing water
consumption in green constructions. The study asses-
sed data from two hundred schools in the United States
and observed that despite the implementation of green
technologies, green constructions did not exhibit sig-
nificant differences in water consumption compared to
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conventional ones. This phenomenon was partially at-
tributed to a reduction in water consumption efficiency,
amounting to around 5% over a total of five years.

However, there are authors who obtained different re-
sults. Kern et al. (2016) documented water consumption
31% lower than projected for a LEED-certified commercial
building in Brazil. Similarly, Rodrigues et al. (2019) indica-
ted a 70% reduction in water consumption due to LEED
certification after the renovation of the Mineirdo stadium.

This underscores that other factors must be influencing
these variations in water consumption in green construc-
tions. Aiming to identify this cause, Alborz and Berardi
(2015) investigated the consumption habits of green cons-
truction users through post-occupancy surveys, revealing,
for example, an average bathing duration 50% longer than
estimated by LEED. These data suggest that the behavior of
green construction users significantly influences the actual
water consumption of the building and may even outwei-
gh the superior efficiency of the employed technologies.

This reality might be even more pronounced in Brazil,
particularly in the northern region of the country, given
the abundance of water in the Amazon, where users are
more prone to higher consumption and neglect in water
resource management, resulting in high water loss rates
during distribution (COSAMPA, 2020), disregard for basic
sanitation infrastructure (IBGE, 2017), and water pollution
(SANT'ANA, VITAL & SILVA, 2020).

Furthermore, the high water consumption of the gre-
en building can be attributed to the inadequacy of LEED
requirements for constructions in the region. In fact, the
lack of requirements adapted to the conditions of each
locality is a criticized aspect of the certification (DEVINE,
MCCOLLUM, 2019; SABBAGH, MANSOUR & BANAWI,
2019). A solution to this issue may involve adopting a
greater number of requirements (ADEKANYE, DAVIS &
AZEVEDO, 2020; FLOWERS, MATISOFF & NOONAN, 2019)
and reducing mandatory requirements, without, howe-
ver, reducing the required score. This strategy could favor
constructions in climates entirely different from that for
which LEED was created, and may even benefit lower-cost
projects by allowing developers to choose requirements
that provide greater benefits, such as favoring low cost,
marketing, or environmental impact reduction, according
to the project's objectives.

5. CONCLUSION

This study aimed to assess the energy and water effi-
ciency resulting from the implementation of mandatory
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requirements for LEED certification (Envelope and Core)
in a vertical residential building located in the Amazon.
To achieve this, data on energy and water consumption
were collected from a Green building and a conventional
building with similar characteristics.As a result, this study
found that the implementation of the mandatory LEED
certification requirements led to a reduction in electricity
consumption of 24.6% compared to the projected values,
and an energy savings of 1.73% compared to the building
constructed without any green technology implementa-
tions. This demonstrates that building certification and the
adoption of green technologies are a viable path towards
sustainability in the construction and operation of residen-
tial buildings.

On the other hand, the water consumption of the
green construction was 30.64% higher than what would
have been expected based on the LEED requirements
met (Envelope and Central Core). In the study, this was at-
tributed to higher water consumption behavior by users
in the region, considering the warmer climatic zone that
demands more water for personal hygiene, as well as a
possible neglect of water due to its abundance in the
Amazon region. This result highlights the importance of
user awareness and behavioral change, as despite the im-
plementation of green technologies for water efficiency,
users are the primary drivers of performance.

Furthermore, the high water consumption of the gre-
en building can also be attributed to the inadequacy of
LEED criteria for the Amazonian reality. This is a result of
its inability to meet the realities of all locations. To ad-
dress this issue, greater flexibility in the LEED certification
process is crucial, such as adopting a greater number of
requirements and reducing the number of mandatory
requirements. This would favor the certification process
for small businesses, allowing them to adopt sustainable
construction practices compatible with local conditions,
user behavior patterns, and their investment capacity.

As a suggestion for future research, it is recommended
to investigate the factors that influence high water con-
sumption in hot and tropical climates and their impact on
the observed results.
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NATURE-BASED SOLUTIONS (NBS) IN A
SMART CITY IN SOUTHERN BRAZIL

SOLUCOES BASEADAS NA NATUREZA (SBN) EM UMA CIDADE INTELIGENTE NO SUL DO BRASIL

SOLUCIONES BASADAS EN LA NATURALEZA (SBN) EN UNA CIUDAD INTELIGENTE EN EL
SUR DE BRASIL
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TATIANE SILVA HRYSYKI | UNIVALI - Universidade do Vale do Itajai, Brasil
JOAQUIM OLINTO BRANCO, Dr. | UNIVALI - Universidade do Vale do Itajai, Brasil

ABSTRACT

This research aims to analyze nature-based solutions (NBS) in the management of resource (re)naturalization
processes in a smart city. For this, it describes the planning, execution, management, maintenance and monito-
ring of management that develops actions with the use of NBS in a smart city. The article presents a qualitative
approach methodology based on the interpretative paradigm using a single case study with the descriptive-
-exploratory purpose of the research. The case is linked to the actions and movements implemented by the
Sustainable Itajai Institute - INIS in the municipality of Itajai, located in the State of Santa Catarina (SC), Brazil. It
is noticed that the increase in public policies aimed at the environment and ecosystems brings results so that

management can, beyond inspection, be participatory and socializing, mediating sustainable movements and
actions with civil society and the private sector. The smart city, with the help of INIS, has projects aimed at the
development of NBS that can be adapted and replicated in regions, cities and countries.

KEYWORDS

Nature-based solutions; smart city; sustainability; environment.

RESUMO

Esta pesquisa tem como objetivo analisar solu¢ées baseadas na natureza (SBN) na gestdo de processos de (re)natu-
ralizagao dos recursos em uma cidade inteligente. Para isso, descreve o planejamento, a execu¢do, o manejo, a ma-
nuteng¢do e o acompanhamento de uma gestdo que desenvolve acdes com o uso de SBN em uma cidade inteligente. O
artigo apresenta a metodologia de abordagem quadlitativa fundamentada no paradigma interpretativo utilizando o
estudo de caso unico com propdsito descritivo-exploratério da pesquisa. O caso estd vinculado as agées e movimentos
implantados pelo Instituto Itajai Sustentdvel - INIS do municipio de Itajai, localizado no Estado de Santa Catarina (5C),
Brasil. Percebe-se que o incremento de politicas publicas voltadas ao ambiente e ecossistemas traz resultados para
que a gestdo possa além da fiscalizagao, ser participativa e socializadora mediando movimentos e agoes sustentdveis
junto a sociedade civil e ao setor privado. A cidade inteligente, com o auxilio do INIS, possui projetos voltados ao desen-
volvimento de SBN que podem ser adaptados e replicados em regiées, cidades e paises.

PALAVRAS-CHAVE

Solugées baseadas na natureza; cidade inteligente; sustentabilidade; ambiente.

RESUMEN

Esta investigacion tiene como objetivo analizar soluciones basadas en la naturaleza (SBN) en la gestion de procesos de
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(re)naturalizacién de recursos en una ciudad inteligente. Para ello describe la planificacion, ejecucidn, gestion, manten-
imiento y seguimiento de una gestion que desarrolla acciones con el uso de SBN en una ciudad inteligente. El articulo
presenta una metodologia de abordaje cualitativo basada en el paradigma interpretativo utilizando el estudio de caso
unico con finalidad descriptivo-exploratoria de la investigacion. El caso estd vinculado a las acciones y movimientos im-
plementados por el Instituto Itajai Sustentable - INIS en el municipio de Itajai, ubicado en el Estado de Santa Catarina (SC),
Brasil. Se advierte que el incremento de las politicas publicas dirigidas al medio ambiente y los ecosistemas trae resultados
para que la gestion, mds alld de la fiscalizacion, sea participativa y socializadora, mediando movimientos y acciones
sostenibles con la sociedad civil y el sector privado. La ciudad inteligente, de la mano del INIS, cuenta con proyectos orien-
tados al desarrollo de SBN que pueden ser adaptados y replicados en regiones, ciudades y paises.

PALABRAS CLAVE

Soluciones basadas en la naturaliza; ciudad inteligente; sostenibilidad; ambiente.
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1. INTRODUCTION

Global changes caused by human actions have resulted
in substantial problems. The new geological epoch we
are experiencing, called the Anthropocene period, was
coined by biologist Eugene Stoermer in the 1980s and po-
pularized by Nobel Prize winner in Chemistry Paul Crutzen.
The Anthropocene period is derived from the Greek roots
"Anthropos" (man) and "cenos" (new) - a suffix used in geo-
logy for all eras of the Quaternary period and comes from
the modification of our environment by human action. This
process has resulted in changes to the climate system, de-
terioration of the balance of the biosphere and biodiversity,
pollution of rivers and oceans by microplastics and diffe-
rent chemical substances, changes in nitrogen levels due
to the extensive use of fertilizers in agriculture, extinction
of species of fauna and flora worldwide, among others
(RODRIGUES, 2017; SCHEFFRAN, 2023).

The great challenge will be to meet the demand for fair
and sustainable development that includes citizens, commu-
nities, cities and nations to find solutions without endange-
ring ecosystems (VIETZGER ET AL., 2019). "Thinking locally and
acting globally" and "acting differently, thinking differently,
and interacting differently" are expressions that must be put
into practice by governments and communities in the most
diverse political, social, economic, and environmental spheres.
Studies on water have presented and revealed plans for struc-
turing and managing water systems for the chain; the urban
water cycle for ecological water in terms of effluent quality
(FUTSELAARA ET AL., 2007; DAI, 2019; UNESCO; UN-WATER,
2020), rainwater harvesting and reuse (TUGOZ ET AL., 2017),
wastewater treatment and water management (TREVISAN;
ORSSATTO, 2017), rural areas in the use of water in plantations
(EBERHARDT; SCHIOCCHET, 2015; FOOD AND AGRICULTURE
ORGANIZATION OF THE UNITED NATIONS - FAOQ, 2017) and
groundwater (CABRAL ET AL., 2008).

The World Water Development Program of the United
Nations Educational, Scientific and Cultural Organization -
UNESCO (UNESCO; UN-WATER, 2020) reported in the United
Nations World Water Development Report 2020 that globally
around 70% of water is used for agriculture, 20% is consu-
med by industries including power generation, and around
10% is used for domestic consumption in households.

In Brazil, rapid urbanization in recent decades has led
to radical changes in cities with a series of problems rela-
ted to the scarcity of fresh water and water supply costs
that require planning and management focused on impro-
vements and solutions for fair sustainable development.
The intense process of rural exodus, which occurred in the
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1970s and 1980s due to the mechanization of agricultural
production, caused rural workers to move to the cities in se-
arch of job opportunities, generating the phenomenon of
metropolization, especially in the capital cities (INSTITUTO
BRASILEIRO DE GEOGRAFIA E ESTATISTICA - IBGE, 2015).
Furthermore, the increase in the number of public and
private water concessions in Brazil (VARGAS; LIMA, 2004;
METZGER ET AL., 2019) and around the world (LOBINA,
2005) depends on appropriate government reforms and
incentives to create models that are efficient for the socio-
-environmental and local conditions of implementation.

There is a need to (re)design water infrastructure and
nature-based ecosystems in search of sustainable advanta-
ges for the development of technologies and human inte-
ractions. Nature-based solutions (NBS) are natural and built
systems that use physical, chemical, and microbiological
treatment processes that form the scientific and engine-
ering principles for water and wastewater treatment and
hydraulic infrastructure. NBS require little energy to opera-
te and maintain, generate a low environmental impact and
add value through their benefits to humanity (O'HOGAIN;
MCCARTON, 2018; WICKENBERG; MCCORMICK; OLSSON,
2021; ABREU ET AL., 2023). In this context, NBS and smart
cities have a relationship in terms of overcoming challen-
ges and developing public policies to legitimize ideas and
practices in problem-solving through the use of techno-
logy, communication and information (KOMNINOS, 2008;
RIFFAT ET AL., 2016; MEIJER; BOLIVAR, 2016).

Weiss, Bernardes and Consoni (2015) present the con-
cept of the smart city as a new dimension of public ma-
nagement for tackling challenges and as a governance
model. The smart city uses the capabilities of the digital
city to implement information systems that improve the
availability and quality of public infrastructures and ser-
vices, increasing its capacity for growth and stimulating
innovation and sustainable development.

Water sustainability is at risk due to the combined
effects of human activities and changes in natural phe-
nomena such as the concentration of greenhouse gases
in the atmosphere, melting polar glaciers due to the in-
crease in the Earth's average surface temperature, the
withdrawal of excessive groundwater, increasing popula-
tion growth and the lack of water and sanitation infras-
tructure associated with urbanization (MCNABB, 2019).
As a result, there is a need for studies that visualize the
problems and seek improvement processes and solutions
for water supply (both surface and groundwater), solid
waste collection and disposal, sewage collection and tre-
atment and urban drainage (CABRAL ET AL., 2008). Thus,
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this research poses the following guiding questions: How
can the valuation of public policies for the discussion of
biodiversity and conservation, climate change adaptation
and the use of sustainable natural resources be integrated
into the development of planning, control and regulation
for the supply and management of processes using NBS?
What actions and movements can be developed by the
government to promote and value NBS?

This research aims to analyze nature-based solutions
(NBS) in the management of resource (re)naturalization
processes in a smart city. To this end, it describes the
planning, execution, management, maintenance and
monitoring of a management system that develops ac-
tions using NBS in a smart city.

The study is justified and important due to the impact
of NBS on water resource management, which can positi-
vely affect communities, cities, the agricultural sector, and
the industrial sector in terms of the availability of water for
use and consumption. Around 5% of global investments
in the water sector go to BNH, while more than 95% go to
more traditional water management. It is also notewor-
thy that there is a great proliferation of water-borne di-
seases that are caused by the waste produced by society
(UNESCO; UN-WATER, 2020). NBS can be more cost-effec-
tive in increasing water availability and reducing water-re-
lated risks such as droughts and floods.

This research presents its potential in the contribu-
tion of the 2030 Agenda to the Sustainable Development
Goals (SDGs) with the identification of SDG 3 - Health
and Well-being, SDG 6 - Drinking Water and Sanitation,
SDG 11 - Sustainable Cities and Communities and SDG 13,
about action against global climate change. The scientific
debate in this area is present to strengthen the exchange
of knowledge and ideas for the challenges that society,
smart cities and countries face in this sector (XIAO ET AL.,
2023; SCOLOBIG, 2023). The study highlights the impor-
tance of this topic in various areas and for the develop-
ment of public management policies that can bring im-
provements and integrate cities with the implementation
of practical projects for emerging realities.

2. LITERATURE REVISION

2.1. Smart cities
Fernandes and Gama (2006) report that the concept of
a smart city is used to characterize areas (communities,

neighbourhoods, districts, cities, regions) that can house
education and technological development.
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Cities that are large and dense can be highly produc-
tive, innovative, and have green areas that are therefore
desirable for the future. A city can be instrumented, inter-
connected and intelligent. Instrumentalization provides
for the acquisition of real-world data through sensors
and any other capture systems, connected to large local
network bases or the internet, requiring an efficient iden-
tification system. Interconnection allows this data to be
framed by corporate platforms for the city's various ser-
vices. Finally, intelligence corresponds to the insertion of
complex analyses, modelling and optimizing operational
business processes improving decision-making by public
managers (KOMNINOS, 2008; MEIJER; BOLIVAR, 2016).

The rapid influx of new citizens presents overwhel-
ming challenges for governments because along with the
positive benefits that accrue in dense and diverse cities,
come in equal measure the negative aspects, such as in-
formal development, traffic congestion, waste manage-
ment and access to resources and crime. The demand for
services is immediate, but the collection of taxes to finan-
ce them comes later. At the same time, globalization has
connected cities on opposite sides of the planet in pre-
viously unknown forms of competition - for capital and
resources. These challenges have led to experiments with
new approaches to planning financial projects, construc-
tion, governance and operations of urban infrastructure
and services for smart cities with a focus on information
technologies (DONNELLY; HARRISON, 2011). The term
"smart" is synonymous with a city in which everything is
sensitive to the environment and produces, consumes,
and distributes a large amount of information in real time.
This intelligent processing serves as a reference and gui-
des the decision-making of companies, governments, and
citizens, intending to make urban activities more efficient
and sustainable in the economic, social, ecological and
political spheres (LEMOS, 2013).

Barbosa et al. (2013) point out that smart cities are like
communities that use the latest in technological and archi-
tectural resources as a response to the challenges posed by
population growth. It is based on the idea of creating sus-
tainable, efficient environments with a high degree of con-
nectivity and, consequently, excellent levels of quality of life.

A series of contextual changes in public administra-
tion, such as the separation of services from production
processes ('servitization'), the growth of the information-
-rich economy and society (informatization'), the search
for creativity in the production and consumption of ser-
vices and the continuous growth of digital technologies
('digitalization') have changed the preconditions of public
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service production and consumption. These changes
affect municipal governments, which have a responsi-
bility to provide a variety of infrastructure and welfare
services to citizens. There are a variety of conceptions of
cities with challenging tasks in environments concerned
with reducing costs, regardless of whether the concept is
smart city, sustainable city, knowledge city, creative city,
innovative city, ubiquitous city, digital city or simply city
(ANTTIROIKO, VALKAMA; BAILEY, 2014).

The concept of a smart city is not fully consolida-
ted, with different authors defining it in different ways,
according to a survey carried out in the study by Weis,
Bernardes and Consoni (2015). Among the definitions is
the common intensive use of information and commu-
nication technologies (ICT), the active participation of
the various sectors of society (government, companies,
citizens, and their associations), in an environment of cre-
ativity and innovation in resource management and im-
proving the quality of life. Thus, smart cities are an advan-
ced stage of digital cities, which are characterized by the
provision of the necessary infrastructure for ubiquitous
communication, through their telematic networks and
access by home and mobile devices.

Glasmeier et al. (2015) comment that smart cities are
not just where new technologies can be born. They are
the receptacles of technology and the targets of its appli-
cations. Although saturated as consumer markets, cities
present opportunities for companies seeking markets for
modern sensing, forecasting and management technolo-
gies. At the same time, ambitious politicians and civil ser-
vants are always on the lookout for the next 'big idea' to
take their city to the top of the ranking of attractive places.
The race to join the movement and become a smart city
has encouraged city legislators to endogenize the process
of technology-led growth by directing municipal budgets
towards investments that confer smart city status.

Mohanty et al. (2016) emphasize that the concept of a
smart city still lacks a clear and consistent definition among
professionals and academia. A smart city is a place where
traditional networks and services are made more flexible,
efficient, and sustainable through the use of information, di-
gital and telecommunications technologies to improve their
operations for the benefit of their inhabitants. Smart cities
are greener, safer, faster and friendlier. The different compo-
nents of a smart city include smart infrastructure, transpor-
tation, energy, health, and technology. ICT is the key to trans-
forming traditional cities into smart cities. However, there is
a lot of need in terms of physical infrastructure, renewable
energy, and ICT to make most cities smart.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.109-124

It's important to note that the concept of a smart city will
perhaps never find a definition capable of satisfying all the
players involved in change. Theorizing a concept, however,
can be formulated based on an analysis of what has been
done and what is being done, of the generally partial ex-
periences of economic, social, political and environmental
development which, even in their diversity, have a common
denominator: the aim of improving the quality of citizens'
habitats and the search for a new relationship between citi-
zens and the environment (GIACHINO ET AL., 2022).

Pinto (2017) emphasizes that the European Union defines
smart cities as systems of people interacting and using ener-
gy, materials, services, and financing to accelerate economic
development and improve quality of life by linking the use
of technology and citizen participation in the strategic use of
infrastructure and information and communication services
with urban planning and management to respond quickly
to society's social and economic needs.

Cury and Marques (2017) mention that smart cities are
ways of appropriating urban space based on the use of
three intelligences (human, collective and artificial). It is a
search for solutions to the social, economic, and cultural
problems that affect cities. The urban development process
propagated by smart cities can redefine the use and occu-
pation of local, regional, and national spaces, giving rise to
territorial transformations and, thus, "reterritorialization".

With the exponential population growth in urban are-
as over the last three decades, major problems have ari-
sen in urban centres. Through the development of new
technologies, it is possible to create innovative solutions
to the problems faced by society. From this idea, the
concept of smart cities was created. For this concept to
thrive, stimulating innovation is fundamental. Countries
dedicated to smart city projects invest in the creation
of ecosystems that integrate the actors of the triple he-
lix (universities-governments-businesses) and devise key
strategies in creating conditions in which they can act as
government incentives for companies to embrace the
vast amount of knowledge and ideas produced in univer-
sities, working on new solutions to problems in the areas
of the environment, health, mobility, energy efficiency,
infrastructure, social innovation, governance and innova-
tion ecosystems (OLIVEIRA; CARVALHO, 2017).

Oberg et al. (2017) point out that the idea of a smart
city is related to societal phenomena such as technolo-
gical developments that enable local manufacturing
through 3D printing or similar; increased pressure for sus-
tainable solutions and the reduction of greenhouse gas
emissions; and the urbanization of people.
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Thus, the concept of a smart city is an urban model that
proposes combining the use of technologies and human ca-
pital to improve infrastructure sustainably, developing inno-
vationsin mobility, the environment, quality of life and infras-
tructure. Thus, Ismagilova et al. (2019) point out that smart
cities employ ICT to improve the quality of life of citizens, the
local economy, transportation, traffic management, the en-
vironment and interaction with the government.

In the Brazilian context, the term smart city is shaping
up, without losing the connotation it has had since its in-
ception. In addition, the national concept is being brought
closer to the global smart city concept, in which sustainabi-
lity and valuing the individual are essential for the develo-
pment and maintenance of smart cities. Silva (2019) states
that the elements of smart and creative cities complement
each other and are associated, and can expand the practi-
ces of creativity and innovation, whether in the social sphe-
re, public policies, entrepreneurship, among other areas
that are part of the context of cities, due to the exchanges
and connections arising from networks.

Smart and sustainable cities are territories that use
information technologies and urban development prac-
tices. Innovative cities seek to achieve ecological, so-
cioeconomic, logistical, and competitive management
solutions and improvements (GUEDES ET AL., 2020) to
improve people's quality of life.

2.2. Nature-based solutions - NBS

Sustainability refers to development in the prudent
use of natural resources at levels unlikely to damage
the environment, guaranteeing their availability for cur-
rent and future generations. It is linked to the concept of
economic growth to achieve a sustainable quality of life
(MCNABB, 2019; FRANTZESKAKI, 2019).

Cravidao et al. (2018) point out that the city as a socio-e-
cological system makes nature the centre of the urban me-
tabolism process and justifies the need to manage urban
spaces from a vision of the coexistence of different social
and ecological systems. Christofidis et al. (2019) proposed
that NBS represent a leap into a new dimension in which
greater awareness is acquired in knowing and caring for
water. Water management in harmony with nature raises
the level of human existence through the contemplation of
water, known as hydro survival or hydro maturity.

Metzger et al. (2019) point out that NBS should be con-
sidered as assets for the development of countries and le-
gal reserves are key components, they are more effective
and less expensive. They are used as strategic solutions
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to address climate change risks and reduce vulnerability
and natural disasters and their consequent impacts. Legal
reserves are indispensable for NBS and thus crucial, gua-
ranteeing water, energy, food and climate security. It is
recognized that NBS is sustained by ecosystem services,
which have lower costs and generate greater benefits in
environmental, social, and economic terms.

Rezende et al. (2020) state that the application of NBS
is still negligible in Brazil, but their capacity can add satis-
factory and concordant results. They are considered only
superficial solutions with additional benefits, rather than
central solutions to water problems that infrastructure is
unable to solve. NBS deliver positive results in terms of im-
provements, safety, and equity for all, even if they don't
solve all the problems. For their development, intersecto-
ral cooperation is essential, from non-governmental orga-
nizations (NGOs) to political sectors and organizations for-
med by the local population. According to UNESCO and
UN-Water (2020), NBS are directly related to water quality
management, which is specified in three vectors: optimi-
zation of the use of existing natural resources; sustainab-
le management of ecosystems; and the creation of new
ecosystems. It is important to note that the efficiency of
this set of vectors will depend on several conditions such
as biome, Phyto physiognomy, social, political, economic,
ecological and hydrological indicators.

According to the study carried out by Herzog and
Rozado (2019), NBS promise the recovery of water re-
sources and the transformation of cities with problems
in environmental processes and functions into smart
and sustainable cities. The definition of NBS comes from
cost-effectiveness which provides environmental bene-
fits. Through locally adapted and resource-efficient in-
terventions, diversity and resilience in natural processes
are achieved. NBS help shape global agendas such as the
Sustainable Development Goals (SDGs), the New Urban
Agenda (NUA) and disaster risk reduction and contribute
to various social benefits. With the generation of green
jobs, which are vacancies destined for functions related
to the environment and clean energy, there are impro-
vements in the well-being of society, making cities more
sustainable and resilient. All interested levels of public ad-
ministration can develop and be involved with NBS. The
actions of NBS, with the provision of ecosystem services
and the preservation of biodiversity, can be carried out
in public and private areas and can be achieved through
strategic plans or voluntary services. Even so, the benefits
and positive implementation that NBS bring to the cons-
truction of smart cities are little recognized economically,
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and it is difficult to compare the cost/benefit of NBS with
alternative solutions (WILD ET AL., 2017).

Some studies have emphasized the use of NBS.
Possantti and Marques (2019) point out that the water-
sheds used to supply cities are being considered as water
production systems, making the use of NBS considerably
more frequent, since the quality and availability of the
water resource can be improved with the system. The
study proposes that NBS form a progressive planning
line during the expansion of cities' water infrastructure.
These solutions involve structural and improvement me-
asures in built environments such as cities or plantations
and non-structural measures such as the conservation
of natural ecosystems, always proposing development
and solutions in natural processes in built environments,
which can address water management, biodiversity con-
servation and food production. When it comes to water
availability for food production, NBS is in favour of maxi-
mizing the use of green water, which is directly absorbed
by plants. Solutions such as no-till farming, which impro-
ves the infiltration capacity of the soil, the cultivation of
certain plants adapted to the rainfall of the local environ-
ment and structural techniques such as the construction
of terraces, infiltration ditches and the collection of water
in small dams are cited. According to the authors, NBS en-
sure the regularization of river or groundwater flows, ma-
ximizing aquifer recharge and catchment points in river
basins. Point pollutant loads generated by food produc-
tion or industries can also be mitigated by NBS, with eco-
logical engineering techniques such as wetland construc-
tion and stabilization ponds standing out in this regard.

Villarreal-Rosas et al. (2023) verified the benefits of im-
plementing NBS in landscapes. They identified that the
processes and dynamics that occur in ecosystems funda-
mentally support the benefits that people obtain from
nature (e.g. reductions in soil loss, increases in carbon sto-
cks, and improvements in water quality).

3. METHODOLOGICAL PROCEDURES

This article presents a qualitative approach based on the
critical-interpretive paradigm. This work uses a case study
with a descriptive research purpose (GODQY, 1995). The
case study examines a phenomenon in its natural envi-
ronment. Yin (2003) states that a case study is an empirical
investigation of a contemporary phenomenon within a re-
al-life context. Goldenberg (2004) points out that the case
study makes it possible to penetrate social reality. The case
is linked to the actions and movements implemented by
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the Sustainable Itajai Institute - INIS in the municipality of
[tajai, located in the state of Santa Catarina (SC), Brazil.

The city of Itajai was ranked 29th in the total ranking
of Brazil's smartest and most connected cities by Smart
Cities Brazil 2021 (SMART CITIES, 2021). In this research,
the case is chosen non-randomly, but with a strong link to
theory, to be more useful as an explanation (EISENHARDT,
1989). As for the definition of instruments and protocols,
various methods of data collection are combined, such as
an interview, observations, newspapers, and articles pu-
blished in the media, official INIS documents, to triangula-
te evidence to promote perspectives that strengthen the
research (EISENHARDT, 1989; YIN, 2003). For this research,
an interview protocol was drawn up from the perspective
of nature-based solutions for managing quality of life and
the environment and smart cities.

The main source of data is the interview conducted
in 2020 by invitation via email with the INIS server of
the municipality, responsible for the city's environmen-
tal policy according to the guidelines of the Municipal
Environmental and Natural Resources Plan outlined in
the Municipality's Organic Law (BRASIL, 2023). Upon ac-
ceptance, the interview was scheduled and conducted
via Google Meet, lasting approximately 42 minutes and
subsequently transcribed to facilitate understanding of
the topic. Therefore, primary data is collected through
semi-structured interviews and observations, which are
documented in field notes. Secondary data is gathered
through the assistance of reports and research published
on the INIS website. A visit to locations with alternative
water sources in the municipality of Itajai was carried
out to enhance the understanding of the topic. The data
is analyzed and presented through qualitative content
analysis, describing relevant information for potential
contributions to the literature and academia.

4. RESEARCH RESULTS
4.1. Sustainable Itajai Institute

The Itajai Sustainable Institute (INIS), a public foundation
in the municipality of Itajai, has the mission of contribu-
ting to the preservation of the environment and impro-
ving the quality of life, with the help of research and
monitoring. INIS promotes events, offering space for en-
vironmental education to increase community support
for environmental issues.

Its actions and services include inspection, receiving
and investigating complaints and issuing environmental
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licenses, as well as developing public policies for the ma-
nagement and diagnosis of water resources. It aims to im-
plement the environmental policy of the Municipality of
Itajai, following the guidelines of the Municipal Plan for
the Environment and Natural Resources, set out in Article
130 of the Municipality's Organic Law (BRASIL, 2023).

4.2, Results of the Institute's actions

An interview with an INIS employee revealed the main ac-
tions and strategies developed by the Institute that provi-
de opportunities for the development of NBS. The engage-
ment of municipal actors and citizens is necessary for the
regeneration of business models that can improve quality
of life, and support research and innovation for a fairer so-
ciety. He highlights management to open dialogue to tack-
le society's challenges and mobilize knowledge to develop
different solutions and adapt to each context.

The INIS originated from the lItajai Environmental
Foundation and has been a proactive institute in the
development of its activities since 2019. It has directo-
rates such as the Environmental Inspection Directorate,
the Environmental and the
Environmental Management Directorate (DGA).

The Environmental Inspection aims to control and
monitor activities that use environmental resources and
is carried out by INIS environmental analysts through
inspections. When an environmental infraction is found,
administrative measures such as notices, embargoes and
infraction notices are applied (INIS, 2021).

The Environmental Licenses issued are monitored

Licensing Directorate,

with the help of scheduled inspections aimed at verifying
compliance with legislation and whether environmen-
tal controls are adequate. Environmental licensing is the
administrative procedure by which the environmental
agency authorizes the location, installation, expansion
and operation of undertakings and activities that use
environmental resources, considered to be effectively
or potentially polluting or those that, in any form, may
cause environmental degradation. Environmental licen-
sing is an important management tool of the National
Environmental Policy, and the public administration
seeks to exercise the necessary control over human ac-
tivities that interfere with environmental conditions. Its
principle is to reconcile economic development with
the use of natural resources, to ensure the sustainability
of ecosystems in their physical, biotic, socio-cultural and
economic variability (INIS, 2021). The server states that
the Environmental Licensing and Inspection Directorate
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handles a significant volume of activities, especially regar-
ding environmental licensing.

The Directorate for the Defense and Protection of
Animals carries out an interesting work that relies on
the Temporary Animal Shelter Unit (UAPA), popular-
ly known as the Municipal Animal Shelter. The UAPA
has its management shared between the Municipal
Health Department and the Municipal Environmental
Foundation, as depicted in Figure 01.

Figure 01: Temporary Shelter for Animals.
Source: Image Bank - Secom (2023).

When collecting animals, UAPA is responsible for se-
veral procedures, such as a clinical examination carried
out by the agency's veterinarian to assess the general
physical condition of the animals; collecting material for
the necessary tests; keeping them in an isolated place,
in the event of suspected infectious diseases or zoono-
ses, until a diagnosis is made using tests or clinical as-
sessment; and keeping them in conditions that provide
them with food and accommodation appropriate to
their species. It is a temporary shelter unit.

The Environmental Management Directorate (DGA)
deals with the administration of economic and social ac-
tivities in a way that makes rational use of natural resour-
ces, with a view to sustainability. It focuses on the recovery
of degraded areas, reforestation techniques, methods for
the sustainable exploitation of natural resources, sustaina-
ble consumption and production, participatory planning,
and the study of environmental risks and impacts for the
evaluation of new undertakings or the expansion of pro-
ductive activities (INIS, 2021). This Directorate is located in
Atalaia Park and is a proactive group with the assistance of
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an environmental engineer. The Municipal Native Seedling
Nursery was inaugurated in 2006 and its activities are focu-
sed on the production of tree seedlings, primarily of spe-
cies native to the Atlantic Forest, as shown in Figure 02:

Figure 02: Native Seedlings.
Source: Image Bank - Secom (2023).

The seedlings produced are used for the recovery
of degraded public areas, urban afforestation, and pu-
blic spaces such as schools, and health centers, among
others, and donated to the community. It has a gre-
enhouse with the capacity to produce approximately
20,000 tree seedlings using a tubing system. Today, more
than 100 different species are produced, some of which
are on the list of endangered species and/or vulnerable
to extinction, such as Campomanesia retsina (gabiroba
crespa) and Euterpe edulis (palmito-jucara). Herbaceous
species, shrubs and trees exclusive to pioneer vegetation
with a marine influence (restinga) are also produced to
meet the Environmental Recovery Project for the coas-
tal dunes of Praia Brava (INIS, 2021). When the Municipal
Department of Public Works in Itajai requires information,
Environmental Management plays a subsidiary role. In ad-
dition to producing and supplying seedlings, it maintains
a close relationship with Ambiental, the company respon-
sible for municipal waste collection and cleaning. The
Environmental Management Directorate (DGA) intends
to establish composting facilities for the conversion of or-
ganic waste into fertilizer, which can be distributed free of
charge to the nursery, as well as to parks and avenues un-
dergoing (re)urbanization. It is noteworthy that the DGA
contributes to the demands of the community as a whole
and takes a proactive role in environmental matters.

Another important point is that the city has some al-
ternative sources of water considered to be bicas: the
BNH spring, Fazendinha, Parque do Atalaia, Cabecudas,
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Ressacada and Praia Brava. The city is surrounded by hills.
There is the Association of Friends of the BNH Spout, whi-
ch came into being at the end of 2013 when a real estate
company degraded the watercourse and the BNH spout
was threatened. With the protest of the community, the
Association was created to preserve Itajai's environment,
the native forest and the three water springs on the hillside.
They are also fighting against real estate development on
the site (GOLEMBIEWSKI; VIEIRA, 2016). The law that pro-
tects the springs (BRASIL, 2000; BRASIL, 2012; BARRETO ET
AL., 2010) guarantees the preservation of 50 meters of cir-

cumference at the spring and a further 30 meters on either
side of the banks of the watercourse (BRASIL, 2021). Figure
03 shows the water source in Bairro Ressacada:

Figure 03: Water Source.
Source: Research Data (2023).

The Association holds meetings to discuss actions to
preserve the source with municipal environmental bodies,
such as the Itajai Environment Foundation - FAMAIL. It also
acts by demanding and exercising socio-environmental
control over the actions of public authorities. Of all the bi-
cas in ltajai, the one at BNH is the only one with a formal
association; the others are generally looked after by the
community, who clean the land and maintain the hoses.

It can be observed that one of the issues with licen-
sing is the availability of a water source. They have an en-
gineer and two biologists who have started registering
the springs, but it is not yet completed. The municipality
has hired aero photogrammetry services, a technology
that allows for high-quality identification and mapping.
With this information, useful tools can be created, such
as a fiscal migration process, exclusively for inspection.
This tool is experimental and can identify the correct lo-
cations for waste disposal using a mobile phone, along
with distance on the map and a mapping of trees, inclu-
ding fruit trees. It's a long-term project.
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Figure 04: Cleanup Campaign.
Source: Image Bank - Secom (2023).

INIS conducts waste collection activities in the Rio Itajai-
Acu and Rio Itajai Mirim. During Environment Week, 670 kilo-
grams of waste were collected in Saco da Fazenda. Between
15 and 20 people participated in this location to collect trash.
The server points out that in the city centre, some people
congratulated them, while others passed by with absolute
indifference. They are often asked when the riverbanks will
be cleaned. The government does take action, but it still de-
pends on the citizens' education. In Figure 04, you can see
the Cleanup Campaign during Environment Week:

In the municipality of Itajai, dredging is carried out in
the Rio Itajai-Acu, removing various types of waste. The
Port of Itajai handles the arrival and departure of ships. The
server explains that port activities come with a series of
limitations due to specific legislation. For instance, when
the tide is low, it exposes mud and dirt. Consequently,
the waste that reaches the shore is constantly removed
by Ambiental and the Municipal Department of Public
Works. Due to rainfall and tidal movements that deposit
and then carry the water back, the dirt that remains in the
area necessitates regular cleaning. INIS is looking into a
request from the PMI regarding the possibility of having a
company clean the water, especially in Saco da Fazenda.
They are seeking alternatives among companies that
have a barge with a mechanical arm for waste collection.
Being the last municipality along the river, the trash accu-
mulates in Itajai. INIS, in partnership with the Municipal
Water, Sanitation, and Infrastructure Service (SEMASA), is
working together to clean the river water.

Through the DGE Directorate, INIS has a project in
place to work with public and municipal schools. It's cal-
led the Eco Barrier Project, and its main aim is to educate
school children about the amount of waste that accumu-
lates in a barrier, taking on a pedagogical character.

Employing Normative Instruction 119 of 2021, INIS
defined the Flood Mitigation Project. The document
was drawn up in partnership with the Civil Construction
Industry Union of the Municipalities at the mouth of
the Itajai River - Sinduscon, the Department of Urban
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Development and Housing, Civil Defense, and the
Attorney General's Office. The aim is to mitigate the im-
pacts of rain and flooding in these areas (INIS, 2021).

It was interesting to bring together Sinduscon and
experts for partnerships. Construction companies are in-
creasingly concerned about environmental issues, and it's
evident that civil construction firms are adapting to meet
consumer and market demands. Companies are investing
in technology and products, such as using recycled mate-
rials and waste for making floors. Some condominiums in
Praia Brava even have veterinarians to care for and obser-
ve toucans and the birds they are raising.

One example is the acquisition of the Oceana shipyard
by ThyssenKrupp Marine Systems do Brazil, which will be
renamed ThyssenKrupp Estaleiro Brazil Sul, with a focus on
naval defence in Brazil and South America. Estaleiro Brazil
Sul, located in the municipality, will build four Tamandaré-
class frigates for the Brazilian Navy and has proven naval
technology for building MEKO-class defence ships, which
already operate in 15 countries (PORTOS E NAVIOS, 2021).

The server emphasizes that they were already excel-
lent inspectors and have taken a step towards becoming
managers. They are learning and making this upgrade wi-
thin the institute, with the belief that once a task is assig-
ned, it will be completed.

5. FINAL CONSIDERATIONS

This research aimed to analyze nature-based solutions
(NBS) in the management of resource (re)naturalization
processes in a smart city. To this end, it described the
planning, execution, management, maintenance and
monitoring of a management system that develops ac-
tions using NBS in a smart city.

The state-of-the-art academic literature on the con-
cepts of NBS and smart cities was investigated as a star-
ting point for verifying and understanding the scientific
debate in academia and society.

Studies carried out in Brazil and around the world on
NBS and smart cities were identified to illustrate and exa-
mine the development of new models, examples, prac-
tices and applications by governments, companies and
communities with a sustainable focus. The implementa-
tion of policy instruments aimed at NBS and the sharing
of best practices have involved movements and actions
that allow for re(application) or replication or re(adapta-
tion) in the most diverse national and international con-
texts (WICKENBERG; MCCORMICK; OLSSON, 2021; PADMA;
RAMAKRISHNA; RASOOLIMANESH, 2022).
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This study described the main actions and strategies
developed by the Sustainable Itajai Institute (INIS) located
in a smart city in southern Brazil with the development of
nature-based solutions (NBS). It presented the main move-
ments that the server together with its team is developing
in favor of improvements. Actions implemented in the city
were verified, such as sustainable urban drainage systems,
the recovery of Saco da Fazenda through urban cleaning
and river (re)naturalization, the intensification of recyclable
waste collection and movements implemented in the city
and educational activities in schools during Environment
Week and conservation units, in particular water sources.

The research thus posed the following guiding ques-
tions: How can the valuation of public policies for the dis-
cussion of biodiversity and conservation, climate change
adaptation and the use of sustainable natural resources
be integrated to develop planning, control and regulation
for supply and management using nature-based solu-
tions? What actions and movements can the government
take to promote and value nature-based solutions (NBS)?
It can be seen that the increase in public policies aimed
at the environment and ecosystems brings results so that
management can, in addition to monitoring, be more par-
ticipatory and socialize environmental and animal mana-
gement by mediating movements and actions with civil
society and the private sector. For this reason, INIS has the
following actions: protect the environment and combat
pollution in any of its forms; register, monitor and super-
vise concessions for research rights and the exploitation
of water and mineral resources in its territory; define the
use and occupation of soil, subsoil and water, through
planning that encompasses diagnosis, technical analysis
and the definition of guidelines for the management of
spaces while respecting the conservation of environmen-
tal quality; and to encourage and promote reforestation,
especially in degraded areas, to protect slopes and water
resources, as well as achieving minimum levels of vegeta-
tion cover (BRASIL, 2012). INIS works on projects aimed at
developing nature-based solutions that can be adapted
and replicated in various regions, cities, and countries.

This research was relevant because these movements
made it possible to verify the developments in the work
carried out by INIS in a smart city located in an emerging
country. It is known that the problems caused by clima-
te change, which reduces biodiversity and the scarcity
of drinking water, need to be mitigated (PURVIS; MAO;
ROBINSON, 2019; BULKELEY, 2020; KOOIJMAN ET AL.,
2021). NBS can bring improvements to processes and so-
lutions for the well-being of populations and the quality
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of urban areas to develop smart cities (OSAKA; BELLAMY;
CASTREE, 2021).

The research has contributed to the literature on smart
cities and nature-based solutions in an empirical context
of a city through the Sustainable Itajai Institute (INIS), whi-
ch values its actions in pursuit of sustainability, quality of
life and the well-being of the population.

It is suggested that smart cities and nature-based solu-
tions (NBS) be studied in other cities, sectors, and companies
to have more empirical evidence of this relationship, which
could be expanded in terms of the development of innova-
tive solutions and new experiences (MVERCADO ET AL., 2023).

As for limitations, this research was carried out using a
qualitative approach. Quantitative research can also contri-
bute to a new perspective and approach to the subject by
looking at a new context. The study investigated a Brazilian
smart city, so other cities can exemplify new perspectives.

Finally, it is suggested that international empirical re-
search be carried out to observe the behaviour of cities
and natural resilience, and to highlight research into cros-
s-cutting issues such as the supply of organic food, impro-
ving people's health and fostering a green economy.
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ABSTRACT

The various properties of mortars produced with iron ore tailings and cement (I0T/cement) at room temperature
have been extensively studied, but research on high-temperature behavior is scarce. The objective of this study
is to analyze the compressive strength and mass loss of these mortars when subjected to high temperatures. The
test specimens (TSs) were exposed to different temperature levels (100°C to 1100°C) and subsequently subjected to
axial compression tests. The results showed that with increasing temperature, there was a loss of strength. The loss
of strength exhibited a linear trend and became more pronounced after 350°C. The TSs subjected to 1100°C exhibi-
ted an 80% loss of strength, while the mass loss was less than 5%. One of the contributions of this study, in line with
current research, is to emphasize the importance of composites (I0T/cement) as a sustainable and economically
viable alternative, given that iron ore tailings are generated in large quantities during the beneficiation process.
Another contribution is to demonstrate that these composites can result in mortars with a significant reduction in
compressive strength and a small mass loss when exposed to high temperatures. Furthermore, it highlights that
they meet all performance and safety requirements in fire situations, making them a non-combustible product.

KEYWORDS

Iron ore tailings; cement, compressive strength; high temperatures; sustainability; thermal effects.

RESUMO

As diversas propriedades das argamassas produzidas com rejeito de minério de ferro e cimento (IOT/cimento) em tem-
peratura ambiente, foram amplamente estudadas, jd em altas temperaturas séo escassas. O objetivo desse estudo é
analisar a resisténcia a compresséo e a perda de massa de estas argamassas, quando submetidas a elevadas tempera-
turas. Os corpos de prova (CPs) foram expostos a diferentes niveis de temperatura (100 oC até 1100 oC). Posteriormente,
foram ensaios a compresséo axial. Os resultados mostraram que, com o aumento da temperatura, houve perda da
resisténcia. A perda de resisténcia mostrou-se linear e, mais rdpida a partir dos 350 oC. Os CPs submetidos a 1100 oC
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apresentaram uma perda de resisténcia de 80%, porém a perda de massa foi inferior a 5%. Uma das contribuicdes
desse estudo, corroborando com as pesquisas atuais, é ressaltar a importdncia dos compdsitos (IOT/cimento) como
uma alternativa sustentdvel e economicamente vidvel, uma vez que o rejeito de minério de ferro é gerado em grande
quantidade durante o processo de beneficiamento. Outra contribuicéo é mostrar que esses compdsitos podem re-
sultar em argamassas com considerdvel reducéo da resisténcia a compress@o e pequena perda de massa, quando
submetidas a temperaturas elevadas. Também ressaltar que eles atendem a todos os requisitos de desempenho e
seguranga em situagdes de incéndio, podendo ser considerado um produto incombustivel.

PALAVRAS-CHAVE

Rejeito de minério de ferro; cimento; resisténcia a compressao; altas temperaturas; sustentabilidade; efeitos térmicos.

RESUMEN

El objetivo es analizar la resistencia a la compresion y la pérdida de masa de morteros producidos con desechos de min-
eral de hierro (I0OT) y cemento cuando se someten a altas temperaturas. Las probetas se expusieron a diferentes niveles de
temperatura (100°C a 1100°C) y posteriormente se sometieron a ensayos de compresion axial. Los resultados mostraron
que con el aumento de la temperatura, hubo una pérdida de resistencia. La pérdida de resistencia exhibié una tendencia
lineal y se hizo mds pronunciada después de 350°C. Las probetas sometidas a 1100°C exhibieron una pérdida de resisten-
cia del 80%, mientras que la pérdida de masa fue inferior al 5%. Una de las contribuciones de este estudio, en linea con
la investigacion actual, es enfatizar la importancia de estos compuestos como una alternativa sostenible y econémica-
mente viable, dado que los IOT se generan en grandes cantidades durante el proceso de beneficio. Otra contribucion es
demostrar que estos compuestos pueden resultar en morteros con pequena pérdida de masa e grande reduccion de resis-
tencia, cuando se exponen a altas temperaturas. Ademds, destaca que cumplen con todos los requisitos de rendimiento
y seguridad en situaciones de incendio, lo que los convierte en un producto no combustible.

PALABRAS CLAVE

Residuos de mineral de hierro; cemento; resistencia a la compresion; altas temperaturas; sostenibilidad; defectos térmicos.
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1. INTRODUCTION

The construction industry has been increasingly se-
eking sustainable and efficient solutions to address
contemporary challenges (ZHAO et al., 2014). In this
context, the use of alternative and recycled materials
has proven to be a promising approach, both for redu-
cing environmental impact and improving the perfor-
mance of construction materials (ALMADA et al., 2022).
One of the alternatives that has gained prominence is
the composite of iron ore tailings/cement (I0T/cement).
Iron ore tailings (IOT), which are generated in large
quantities by the mining industry, are a waste product
that presents significant challenges in terms of ma-
nagement and environmental impact (BALAJI, 2022).
However, recent studies have explored its potential
as a component in construction materials, especially
in combination with Portland cement (DUARTE et al.,
2022). Portland cement is the primary binder used in
the production of concrete and mortar, and the incor-
poration of IOT can contribute to reducing the amount
of cement required, while adding value to the waste
(TAURINO, 2023). The use of these composites as cons-
truction material has shown promise as an alternative
for the sustainable reuse of industrial waste and the re-
duction of environmental impact (ALMADA et al., 2023;
CAMPOLINA et al., 2023).

The I0T/cement composite is characterized by its ver-
satility and the mechanical properties and durability it
offers. Studies have shown that these composite exhibits
satisfactory performance in terms of compressive stren-
gth, durability, and dimensional stability. Furthermore,
the use of IOT as a component of the composite can
reduce the demand for natural resources (sand and
crushed stone) and contribute to the circular economy
by providing a more sustainable disposal solution for in-
dustrial waste. However, it is important to highlight that
the 10T/cement composite is not immune to the effects
of high temperatures. Exposure to high-temperature
conditions, such as fires, can compromise the structural
integrity of this material, affecting its compressive stren-
gth and other mechanical properties, as is the case with
most construction materials. Therefore, understanding
the influence of high temperatures on this composite
is crucial for assessing its viability and safety in applica-
tions subject to fire risks, such as commercial, industrial,
and residential buildings (FIGUEIREDO et al., 2021).

While there is extensive literature on the influence of
temperature on the compressive strength of cementitious
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materials, such as concrete and mortar, specific research on
the I0T/cement composite is still limited. Few studies have
comprehensively addressed this topic, considering different
proportions of IOT, variations in curing and thermal exposu-
re conditions, as well as the influence of other factors, such
as tailings particle size and the addition of additives (BAI et
al., 2022). One of the main concerns related to the influen-
ce of high temperatures on the compressive strength of the
IOT/cement composite is the effect of moisture loss during
heating. Water is essential for the hydration of Portland ce-
ment and the formation of chemical bonds responsible for
the material's mechanical strength. Therefore, moisture loss
can compromise the hydration reaction and consequently
reduce compressive strength (MD AZREE, 2023).

Compressive strength is a crucial parameter for as-
sessing the composite's ability to resist applied loads,
and its degradation under high temperatures can com-
promise structural stability and safety (DAHISH and
ALMUTAIRI, 2023; CARRASCO et al., 2017).

Zhang and Tan (2022) investigated the compressive
strength of iron ore tailings/cement (IOT/cement) com-
posite specimens subjected to temperatures up to 800°C.
The results demonstrated a gradual decrease in compres-
sive strength with increasing temperature, highlighting
the adverse influence of high temperatures on the me-
chanical properties of the composite. Furthermore, the-
oretical and numerical studies have also contributed to
understanding the degradation mechanisms of compres-
sive strength at high temperatures. Mathematical models
and computational simulations have been developed to
analyze the thermomechanical behavior of the composi-
te and predict its performance in fire scenarios. In a study
conducted by Jhatial et al. (2023), numerical models were
used to simulate the behavior of conventional mortar
specimens under fire conditions. The results showed a
significant reduction in compressive strength with rising
temperature, corroborating the experimental findings.

When analyzing the effects of high temperatures,
these studies have investigated various aspects rela-
ted to the behavior of the composite (ZHANG and TAN,
2022). This includes the influence of temperature on the
cement matrix and constituent materials of the compo-
site, such as 10T, as well as the interactions between the-
se components (GOA et al., 2023). Studies like the one
conducted by Chen et al. (2022) analyzed the influence
of porosity and water/cement ratio on the compressive
strength of I0T/cement composite at high temperatures.
The results indicated that porosity and water content
directly influence the material's mechanical strengths,
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especially under extreme thermal conditions. Water loss
during exposure to high temperatures can lead to incre-
ased porosity and compromise compressive strength.
Another relevant study is that of Li et al. (2018), which
investigated the effects of temperature on the hydra-
tion process of cement in IOT composites. The results
indicated that exposure to high temperatures during
the curing process negatively affected the formation of
chemical bonds between the composite particles, re-
sulting in reduced compressive strength. This research
underscores the importance of controlling curing con-
ditions to prevent significant strength losses.

Another interesting approach is presented by Tang
et al. (2019), who investigated the effects of additive
additions on the compressive strength of 10T/cement
composite after exposure to high temperatures. The re-
sults showed that the addition of additives, such as sili-
ca fume and metakaolin, can enhance the compressive
strength of the composite even under high-temperature
conditions. This research emphasizes the importance of
exploring new formulations and additives to optimize
the composite's performance under extreme conditions.

These studies contribute to advancing scientific
knowledge in the field, providing experimental data
and theoretical analyses that aid in understanding the
involved phenomena and making informed decisions
regarding the safe and efficient use of this material in
high-temperature exposure environments (DAHISH
and ALMUTAIRI, 2023; LI et al., 2023; RAMZI et al., 2023).

In summary, the influence of high temperatures on
the compressive strength of I0T/cement composite is
a highly relevant topic for civil engineering and the
construction materials industry. Experimental, theo-
retical, and numerical studies have contributed to un-
derstanding degradation mechanisms and developing
strategies to enhance the mechanical properties of this
material under elevated temperatures. The pursuit of
more efficient and sustainable solutions for the cons-
truction industry necessitates ongoing investigation
into these aspects, aiming to ensure the safety and du-
rability of structures in fire situations.

In this context, the objective of this work is to determi-
ne, through rigorous experimental tests with temperature
control, the variation in compressive strength and mass loss
of the IOT/cement composite as a function of temperature.

2. MATERIALS AND METHODS

IOT was provided by Samarco Mining Company, and
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the tests were conducted at the laboratories of the
School of Engineering at UFMG.

2.1. Materials

For the preparation of test specimens (TS), high early
strength Portland cement (CP V-ARI) and IOTs (as fine (F)
and granular (G) aggregates) were used. The chemical
composition is presented in Table 01, and the granulo-
metric characteristics, permeability, and specific mass of
the 10Ts are shown in Table 02.

Fe203 Si02 Al203 P PPC MnO

F 34,26 45,72 2,06 0,051 0,09 3,030

G 21,99 67,97 015 0,140 0,4 0,010
Where F = fine and G = granular.
Table 01: Chemical composition of [0T.
Source: Authors.

Sand % Silt % Clay % k (cm/s) ps (g/cm3)
F 14,0 79,2 71 2,3x10-5 | 347
G 44, 53,8 2] 1,3x10-3 3,14

Where F =fineand G = granular.
Table 02: Granulometry, permeability, and specific mass.
Source: Authors.

The mortar mix proportion for the study was 1:1:4:3.04
(cement: fine tailings: granular tailings: water), by weight.
The mortar consistency was 300 £ 15 mm, measured on
a flow Table. The typical consistency used in mortars is
260 = 10 mm (SANTOS et al., 2018). However, due to the
increased cohesion of the mortar under study and the fi-
neness of the aggregates, a higher value was necessary
on the flow Table to achieve proper workability. For the
preparation of TS, a pressing load of 400 kN was applied,
considering the use of CP V - ARI cement. The mixing se-
quence of the mortar components and their homogeni-
zation for TS preparation is crucial. Thus, the following se-
quence was adopted: first, the tailings; then, the cement;
and finally, water was gradually added in a mortar mixer.
Subsequently, the mixture was placed into molds and
pressed using a hydraulic press. At the end of the process,
the TS was extracted for curing. The curing followed the
Brazilian standard NBR 13279 (ABNT, 2005). The TS fabri-
cated with this mortar proportion were subjected to wet
curing and tested after 28 days. The dimensions of the TS
cylinders were 5 cm in diameter and 10 cm in length.

A total of 63 TS were prepared, with 7 TS for each tem-
perature (100°C, 200°C, 350°C, 500°C, 600°C, 750°C, 850°C,
950°C, and 1100°C). After curing, each TS was divided using
adiamond circular saw, resulting in a twin TS for each speci-
men. Figure 01 shows a portion of the TS after curing.
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Figure 01: Test specimens ready for testing.
Source: Authors' collection.

2.2. Equipment and Instrumentation

The equipment used was the same as recommended for
the non-combustibility tests using a muffle furnace. For
weight (mass) determination, a “Marte Balancas” brand
balance, model AL 500, with a resolution of 0.001 g, cer-
tified by RBC with calibration certificate number 119015,
was used. A muffle furnace (test adapted following the
criteria of 1ISO 1182 (2020), model NA1221, temperature
limit 1100°C, controlled by 10 PT 100 thermoresistances
calibrated by Analégica company, Figure 02.

Figure 02: Balance and muffle furnace.
Source: Authors' collection.

Type K thermocouples were used, which have a stain-
less-steel sheath at the tip. One thermocouple was placed
inside the TS (in a hole made in the middle of the TS to the
halfway point of its height) to measure internal tempera-
ture, and another was placed on the surface of the TS to
measure its surface temperature. All thermocouples were
connected to a Data Acquisition System (DAS), which con-
sists of a signal conditioning board that amplifies and con-
ditions the signal, an analog-to-digital signal conversion
board (A/D), and a control board containing a multiplexer

Figure 03: Thermocouples in the muffle furnace and the Data Acquisition System.

Source: Authors' collection.

and 16 channels with their respective circuit conditioners.

This entire system is connected to a notebook, Figure 03.
For the simple compression tests, a universal tes-

ting machine (UTM) from Emic/Instron brand, model DL

30000, with a capacity of 300 kN, as shown in Figure 04,

was used. This machine has automatic load and displace-

ment control, servo-controlled. A 50 kN load cell was atta-

ched for the tests, Figure 04.

Ty Ve

Figure 04: Universal testing machine, capacity of 300 kN.
Source: Authors' collection.

2.3. Test Methodology

The test methodology will be divided into two stages:
the non-combustibility test and the simple compression
test. For both tests, the age of the TSs was 56 days. The
preparation of the TSs was carried out using a grinder,
ensuring the parallelism of the surfaces and a 90-degree
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angle between the load application surface and the len-
gth of the concrete specimen.

For the non-combustibility test, the testing method
was adapted from the recommendations of the stan-
dards: I1SO 1182 (2020); NBR 5628 (ABNT, 2022); NBR 9442
(ABNT, 2019); and NBR 14432 (ABNT, 2001). The adopted
test procedure followed the ISO 1182 (2020) standard,
with slight adaptations regarding the furnace and TS di-
mensions. Initially, one of the twin TSs underwent the
non-combustibility test. The main premise was to vary
the temperature range. Two TSs were used for different
temperature ranges (100°C, 200°C, 350°C, 500°C, 600°C,
750°C, 850°C, 950°C, and 1100°C).

The preparation of the TSs involved conditioning
them in an oven at a temperature of 60°C + 0.5°C for a
period of 21 hours. After removal from the oven, they
were placed in a desiccator to cool, with cooling mo-
nitored using a thermometer. Once cooling was con-
firmed, the TSs were weighed on a balance to obtain
the initial mass (mi). The following steps were carried
out for each test temperature. The muffle furnace was
turned on with its temperature sensor set to the test
temperature, for example, 100°C + 5°C, and allowed to
stabilize for a period of 10 minutes or until there was
no variation above 2°C. Next, the entire test system
was verified: the muffle furnace stabilized, the Data
Acquisition System (DAS), the surface thermocouple of
the TS (Ts), and the thermocouple to be inserted into
the TS (Tc). The thermocouple (Tc) was then placed
inside the TS and positioned inside the furnace. This
operation lasted a maximum of 5 seconds. Immediate
monitoring began, capturing the temperatures inside
and on the surface of the TS. The test concluded when
the temperatures of the two thermocouples stabilized
for a period of 10 minutes. The test lasted approxima-
tely 30 minutes. Subsequently, the TS was removed
from the muffle furnace, and no fragments or ash were
observed. Once cooled, the TS was weighed. This pro-
cedure was repeated for the remaining 67 TS.

The simple compression test was initiated immediately
thereafter. NBR 7215 (ABNT, 2019), which addresses the
testing methodology for determining the compressive
strength of cylindrical mortar specimens, was employed.
The TSs were placed in the Universal Testing Machine
(UTM), and the test was initiated. The machine utilized a
script that allowed for test automation. The application of
load was monotonous, with a loading rate of T mm/min
(ABNT NBR 7215, 2019). Figure 05 shows: a detail of the TS
during the test and the twin TS after the test.
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Figure 05: Detail of TS during the test and TS after the test.
Source: Authors' collection.

3. RESULTS AND DISCUSSIONS

During the non-combustibility tests, no emission of
fumes was observed. The furnace thermocouple tempe-
rature (TPf) did not have a significant variation, i.e., less
than 50°C. No flaming of the TSs was observed during
the test. Figure 06 presents a Boxplot graph of mass loss,
indicating very small variation in results at each tempe-
rature. Table 03 presents the average mass loss, standard
deviation, and coefficient of variation for each temperatu-
re. The coefficient of variation values were low, indicating
little dispersion in the experimental results. The fracture
patterns of the TSs were conical in shape.

Figure 07 displays the average mass loss values as
a function of temperature. It can be observed that the
average mass loss at a temperature of 1100°C was 4.99%,
significantly lower than the allowed 50% (ISO 1182, 2020),
and that the mass loss variation is linear with increasing
temperature, as shown by equation (7).

Mloss =0,0051 x T (R*=0,99) (1)

Where: Mloss = mass loss (%), T = temperature (°C)

Al-Shwaiter and Awang (2023) and Ali and Lubléy (2022)
comment that one of the properties contributing to the
non-combustibility of composites is the presence of ce-
ment in the matrix. Cement in its composition contains
components such as calcium oxide (CaO), which, when ex-
posed to high temperatures, undergoes a calcination pro-
cess, releasing water and other volatile compounds. This
process acts as a protective layer, retarding fire propagation
and safeguarding the underlying material. Furthermore,
the incorporation of IOT into the cement matrix can contri-
bute to improved fire resistance. 10T is rich in metallic oxi-
des, which have flame-retardant properties. These metallic
oxides act as physical barriers, impeding heat propagation
and reducing material flammability.

Regarding the non-combustibility of the reject-ce-
ment TSs, it can be affirmed that the TSs meet all per-
formance requirements, and can be considered a non-
-combustible product contributing to fire prevention



Influence of high temperatures on the compressive strength of iron ore tailings/cement composite | E. V. M. Carrasco; J. N. R. Mantilla; E. P. Carvalho; M. A. P.de Rezende; R. C. Alves; M. T. . Barbosa; W. J. dos Santos.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.125-136

5 ==z
[
===
4
—_— [=— ===
=
&~
S
w 1 [=====]
2 3
3
wn
£ 2
E =
1
===
0 L T T T T T T T T T
100 200 350 500 600 750 850 950 1100
Temperature (0C)
Figure 06: Mass Loss as a Function of Temperature.
Source: Authors' collection.
Mass Loss (%) Strength Loss (%)
Temperature (°C) i i
P Mean Standard Deviation (oefﬁ‘cle.nt of Mean Standard Deviation (oefﬁ.cle.nt of
Variation Variation
100 0,22 0,010 4,464 1,57 0,023 1,485
200 0,65 0,041 6,296 13,64 0,591 4,336
350 1,49 0,061 4,109 30,18 1,593 5,276
500 2,49 0,008 0,335 4,78 0,698 1,632
600 3,07 0,028 0,913 54,42 0,296 0,544
750 3,75 0,023 0,626 67,69 1421 2,099
850 4,36 0,054 1,242 71,81 0,330 0,460
950 473 0,036 0,759 7731 0,240 0,311
1100 499 0,071 1,413 80,65 0,644 0,798

Table 03: Mass and Strength Loss with Descriptive Statistics.
Source: Authors' collection.

and firefighter safety (passive protection).

The results of compressive strength for the 7 TSs at di-
fferent temperature ranges (100°C, 200°C, 350°C, 500°C,
600°C, 750°C, 850°C, 950°C, and 1100°C) and at room tem-
perature (RT) are shown in the Boxplot graph of Figure 08.
It is noticeable that as the temperature increases, the com-
pressive strength decreases rapidly, with the loss becoming
more pronounced after 350°C. Table 03 presents the avera-
ge loss of strength, standard deviation, and coefficient of

variation for each temperature, demonstrating that the
coefficients of variation for all temperatures are low, indica-
ting good attainment of experimental results.

From Figure 07, it is evident that the average loss of
strength at a temperature of 1100°C (T) was 80%, even with
this loss, the TSs did not disintegrate, and its average com-
pressive strength was 3.50 MPa, compared to an average
strength of 18.17 MPa at room temperature (RT) (Figure 08),
indicating a significant compromise in its strength.
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Figure 07: Mass Loss and Compressive Strength as a Function of Temperature (average values).
Source: Authors' collection.
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Figure 08: Compressive Strength as a Function of Temperature.
Source: Authors' collection.
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This decrease can be attributed to various factors,
such as cement dehydration, loss of water associated with
materials, and possible alterations in the composite's mi-
crostructure due to high temperatures. In general, there is
a loss of free water, or capillary-stored water, in the tem-
perature range of 30°C to 105°C, and this water is comple-
tely depleted by 120°C. Gypsum decomposition occurs in
the temperature range of 110°C-180°C, and in the range
of 180°C-240°C, the dehydration of calcium aluminate
and hydrated aluminosilicates occurs. The combined loss
of water from hydrated calcium silicate occurs between
50°C and 300°C; the dehydration of this silicate with res-
pect to intercalated water occurs at 350°C; the release
of adsorbed water from hydrated calcium silicate occurs
around 400°C; the dehydration of calcium hydroxide oc-
curs between 410°C and 580°C, and from 520°C to 900°C,
the decomposition of calcium carbonate occurs (BACARJI,
2013; ALARCON-RUIZ et al., 2005; PAJA et al., 2003).

The variation of strength loss is linear with increasing
temperature, as expressed in equation (2).

Sloss=0,0824 x T (R*=0,97) (2

Where: Sloss = strength loss (%), T = temperature (°C)
4, CONCLUSIONS

The 10T/cement composites exhibit favorable non-
-combustibility properties due to the presence of ce-
ment in the matrix and the metallic oxides present in
the IOT. However, it is important to consider the speci-
fic conditions of fire exposure and adopt appropriate
fire protection measures to ensure the safety of cons-
tructions. The mass loss at a temperature of 1100°C was
4.99%, significantly lower than the permitted 50%, in-
dicating that this composite is non-combustible.

The compressive strength of the I0T/cement composi-
te is adversely affected by high temperatures. This reduc-
tion in strength can compromise the structural capacity
of the material in fire situations and intense heat exposu-
re. Therefore, it is essential to consider the effects of high
temperatures during the design and use of this compo-
site, developing specific guidelines to ensure its proper
application in high-heat conditions. The loss of strength
at a temperature of 1100°C was 80%."
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RESUMO

Este artigo apresenta os resultados da pesquisa que objetivou analisar o processo de fabricacdo do adobe na 4rea
de abrangéncia do eixo Itabuna - llhéus - Uruguca, municipios localizados no Litoral Sul do Estado da Bahia, con-
siderando os custos associados a sua manufatura (composicao orcamentdria). Foram escolhidas duas localidades
rurais para coleta de dados, o Assentamento Jodo Amazonas e o Projeto Sapé Ecolégico. A metodologia compre-
endeu a observagao participante para descri¢ao e registro do processo de producao do adobe nas localidades se-
lecionadas. A composicdo orcamentdria contemplou: 1 célculo do volume de barro minimo necessario para suprir

a producao diaria (que variou conforme a localidade analisada); 2 calculo do custo para escavacao (mecanizada ou
nao mecanizada); 3 calculo do custo de carga, transporte e descarga de material (manual ou mecanizado); 4 célculo
do custo de mistura, moldagem e desmoldagem do adobe e 5 calculo do preco unitario do adobe. Os resultados
mostraram que, em relacao a fabricacdo do adobe, constatou-se que o processo se mantém vernaculo compreen-
dendo moldagem dos blocos de terra em estado plastico em formas de madeira, desforma e secagem ao ar. No
que se refere ao custo final para producédo do adobe, a coleta de dados permitiu encontrar dois valores unitarios:
R$2,34 a unidade adobe no Assentamento Jodo Amazonas e R$2,82 no Projeto Sapé Ecolégico. Ambos podem ser
considerados como parametro para precificacdo de venda do elemento construtivo, caso se mantenham as condi-
¢coes de producao, ja que o custo para fabricagdo arca com os custos de materiais e honordrios dos envolvidos na
producao. Constituindo-se, dessa forma, fonte de renda para tais localidades.

PALAVRAS-CHAVE

Construcao com terra; orcamento; custo.

ABSTRACT

This article presents the results of research that aimed to analyze the adobe manufacturing process in the area cov-
ered by the Itabuna - Ilhéus — Uruguca axis, municipalities located on the South Coast of the State of Bahia, Brasil,
considering the costs associated with its manufacture (budget composition). Two rural locations were chosen for data
collection, the JoGo Amazonas Settlement and the Sapé Ecoldgico Project. The methodology included participant ob-
servation to describe and record the adobe production process in the selected locations. The budgetary composition
included: 1 calculation of the minimum volume of clay needed to supply the daily production (which varied according
to the location analyzed); 2 calculation of the cost for excavation (mechanized or non-mechanized); 3 calculation of

O
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the cost of loading, transporting and unloading material (manual or mechanized); 4 calculation of the cost of mixing,
molding and demolding adobe and 5 calculation of the unit price of adobe. The results showed that, in relation to
the manufacture of adobe, it was found that the process remains vernacular, comprising molding the earth blocks
in a plastic state in wooden forms, removing them and drying them in the air. With regard to the final cost of adobe
production, data collection allowed us to find two unit values: R52.34 per adobe unit in the JoGo Amazonas Settlement
and R$2.82 in the Sapé Ecoldgico Project. Both can be considered as a parameter for pricing the sale of the constructive
element, if the production conditions are maintained, since the manufacturing cost bears the costs of materials and
fees of those involved in the production. Thus constituting a source of income for such localities.

KEYWORDS

Earth construction; budget; cost.

RESUMEN

Este articulo presenta los resultados de una investigacion que tuvo como objetivo analizar el proceso de fabricacion
del adobe en el drea del eje Itabuna — llhéus — Uruguca, municipios ubicados en el Litoral Sur del Estado de Bahia, con-
siderando los costos asociados a su fabricacion (composicién del presupuesto ). Se eligieron dos localidades rurales
para la recoleccién de datos, el Asentamiento Jodo Amazonas y el Proyecto Sapé Ecoldgico. La metodologia incluyé la
observacion participante para describir y registrar el proceso de produccién del adobe en los lugares seleccionados. La
composicion presupuestaria incluia: 1 cdlculo del volumen minimo de arcilla necesario para abastecer la produccion
diaria (que variaba segun el lugar analizado); 2 cdlculo de costos de excavacion (mecanizada o no mecanizada); 3
cdlculo del costo de carga, transporte y descarga de material (manual o mecanizado); 4 cdlculo del costo de mezcla,
moldeo y desmoldeo del adobe y 5 cdlculo del precio unitario del adobe. Los resultados mostraron que, en relacién
a la fabricacion del adobe, se encontro que el proceso sigue siendo verndculo, consistente en moldear los bloques de
tierra en estado pldstico en formas de madera, retirarlos y secarlos al aire. Con relacién al costo final de produccién de
adobe, la recoleccién de datos encontré dos valores unitarios: RS 2,34 por unidad de adobe en el Asentamiento Jodo
Amazonas y RS 2,82 en el Proyecto Sapé Ecolégico. Ambos pueden ser considerados como un parametro para tarificar
la venta del elemento constructivo, si se mantienen las condiciones de produccion, ya que el coste de fabricacién corre
con los costes de materiales y honorarios de los que intervienen en la produccion. Constituyéndose asi en una fuente
de ingresos para dichas localidades.

PALABRAS CLAVE

Construccion con tierra; presupuesto; costo.
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1. INTRODUCAO

A palavra espanhola “adobe” vem do drabe “attob” relacio-
nado ao egipcio “thobe” que significa tijolo de barro seco
ao ar (MAURICIO et al., 2021). De acordo com Costa et al.
(2019) e Kamal e Rahman (2018), € uma das técnicas cons-
trutivas com terra mais antigas do mundo que oferece be-
neficios econdmicos e ambientais, especialmente quando
usado em paises em desenvolvimento onde os custos de
material se sobrepdem aos custos de mao de obra.

Desde a revolugdo industrial (séculos XIX e XX) o
processo construtivo das edificagdes vem substituin-
do o adobe por outros materiais e técnicas construtivas
(VALIN JUNIOR; RIBEIRO JUNIOR; SARAIVA, 2020; TOMASI;
BELLMANN, 2018). Entretanto, a producao do adobe pro-
porciona reducdo do consumo de agua, de energia pri-
maria incorporada e da pegada de CO2, pois ndo envolve
0 aquecimento das matérias-primas ao contrario do tijo-
lo cerdamico convencional (CALATAN et al., 2016; BRAGA,
2018).

No Brasil, onde o déficit habitacional estimado al-
canca 5,876 milhoes de domicilios, dos quais aproxima-
damente 460 mil referem-se somente as areas rurais do
Nordeste (FJP, 2021), é latente a necessidade de solucbes
construtivas ndo sé de baixo custo como também de
baixo impacto ambiental. Atualmente, o emprego do
adobe estd voltado para construcdo prépria em muti-
rao, isto é, para suprir a demanda habitacional nos locais
onde sao fabricados (PEREIRA et al., 2014). Contudo, ha-
vendo viabilidade de producéao e precificacdo, a comer-
cializacdo do adobe poderia se tornar meio de sustento
financeiro para quem fabrica tal elemento construtivo.

Considerando o exposto, a pesquisa que subsidiou o
presente artigo, partiu da seguinte hipdtese: pessoas de
baixa renda em localidades rurais, que fabricam o adobe
para construcdo de suas edificacdes, nao comercializam
o produto porque desconhecem o processo de criacao
de composicao orcamentdria.

Sendo assim, objetivou-se analisar o processo de
fabricacdo do adobe na area de abrangéncia do eixo
Iltabuna - llhéus - Uruguca; municipios localizados no
Litoral Sul do Estado da Bahia, considerando os custos
associados a sua manufatura (composicdo orcamentaria).

Pontua-se que a escolha da localidade para coleta
dos dados estd associada as pesquisas que sdo desen-
volvidas desde 2018 no que se refere a sustentabili-
dade do ambiente construido envolvendo aspectos
da arquitetura vernacula e bioconstrucao (PEREIRA;
COSTA, 2022; SOUZA; SANTOS; COSTA, 2021; DE JESUS;

https://doi.org/10.29183/2447-3073.MI1X2024.v10.n1.137-149

BUONICONTRO; COSTA, 2020).

2. FUNDAMENTACAO TEORICA

O adobe é uma das técnicas construtivas com terra mais
conhecidas no mundo. Ao longo dos séculos é utilizado
como componente da alvenaria estrutural e de vedacao tan-
to em ocupacgdes rurais quanto urbanas (COSTA et. al., 2021).

No Brasil “os sistemas construtivos com terra foram
introduzidos e largamente utilizados no periodo colo-
nial, entre os séculos VXIl e XVIII, por influéncia da arqui-
tetura caracteristica vigente em Portugal a época, e tam-
bém por influéncia dos povos africanos trazidos como
escravos” (SANTOS; BESSA, 2020, p. 54).

De maneira simplificada, o processo de fabricacdo
do adobe consiste em moldar blocos de terra em estado
plastico em formas de madeira, desformar e seca-los ao ar
(GUBASHEVA, 2017; CARVALHO, 2012).

De acordo com Pino, Herrera e Pefiarada (2021) a utili-
zacao do adobe possibilita ndo sé reducao do custo cons-
trutivo da edificacdo como se constitui num elemento
sustentavel, reversivel e reciclavel. Além disso, o adobe
apresenta propriedades do ponto de vista do conforto
térmico, acustico e possibilita a revalorizacao de técnicas
construtivas ancestrais (SOGLIO, 2019).

Considerando que a pesquisa realizada envolveu
a descricdo do processo de fabricacdo do adobe e de
sua composicdo orcamentdria, dentre as pesquisas
que descrevem o processo de fabricacao do elemento
construtivo destacam-se:

Costa et al. (2021) caracterizaram 41 diferentes adobes
na costa central de Portugal. Segundo os autores, o adobe
portugués pode ser classificado em dois tipos: “adobo” re-
ferente ao adobe estabilizado com cal e o adobe de terra.
O primeiro pode ser encontrado na regido de Aveiro onde
a cal é utilizada em funcao do solo arenoso; ja o segundo,
caracteriza-se pelo solo argiloso, geralmente carregado
de fibras vegetais. Quanto a fabricacao, os autores des-
crevem que o processo envolve o molde dos blocos em
formas de madeira e posterior secagem ao ar. Pontuam
que o processo de fabricacdo vernacula predominou até
1940. A partir de 1960, o adobe tornou-se um sistema
construtivo misto, devido a influéncia das industrias ce-
ramicas na regiao.

Moreira et al. (2020) analisaram o registro do processo
de fabricacao do adobe em dois Workshops (oficinas) dis-
poniveis em videos documentais no YouTube. O primeiro
referente ao processo realizado em Portugal e o segundo
no Brasil. Os autores destacam que as oficinas mostram
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que a técnica vernacula de fabricacado do elemento cons-
trutivo é mantida, compreendendo: extracao da argila,
o fabrico, a secagem ao ar e a guarda. Apontam que “as
oficinas descritas produzem adobe e tém situacdes seme-
Ihantes e contrastantes” e que se mantém em funcao da
demanda local pela producéo de tijolos com terra.

Braga (2018) registrou e analisou a presenca da téc-
nica vernacula em adobe em Lapinha da Serra, Santana
do Riacho, Minas Gerais, Brasil. A autora descreveu o pro-
cesso de fabricacdo do adobe por meio de registro foto-
grafico e entrevistas com moradores da comunidade. O
processo envolve: extracao local da matéria-prima (solo
argiloso, areia e d4gua); mistura (por pisoteio), moldagem
em formas de madeira, desforma e secagem ao ar.

Ferreira (2017) caracterizou a constru¢ao com terra na
regido de Leiria em Portugal, com intuito de contribuir
para sua conservacao. O autor encontrou edificacdes
construidas em taipa e em adobe. Quanto ao processo
de fabricacdo do adobe, o autor descreve a composicdo
do bloco por terra, misturada a areia e fibras vegetais e
destaca que o elemento construtivo era fabricado no
local, “ou nas proximidades do local onde se pretendia
edificar. Depois de ocorrer a retracao de secagem inicial,
o adobe eraretirado do molde e seco durante aproxima-
damente quinze dias, permitindo assim a realizacdo de
elementos construtivos resistentes, tais como paredes
ou arcos” (FERREIRA, 2017, p. 10).

Quanto a composicdo orcamentaria do processo de fabri-
cacao do adobe, verificou-se escassa bibliografia sobre o tema.

As publicacdes encontradas abordam estudos de via-
bilidade econémica do uso do adobe como elemento
construtivo de baixo custo, dentre as quais destacam-se:

Camargo, Molina e Ruiz (2022) elaboraram o projeto
arquitetonico de um conjunto de salas para o curso de
Arquitetura e Urbanismo da Faculdade de Ciéncias Sociais
e Agrérias de Itapeva, Sdo Paulo, considerando o adobe
como elemento construtivo. Os autores escolheram o
adobe por ser um material de baixo impacto ambiental,
reutilizavel e de baixo custo para producao.

Molina e Angumba (2021) estudaram o custo de cons-
trucdo de habitacdes em adobe em éreas rurais da cida-
de de Cuenca, Espanha. Os resultados mostraram que o
adobe possibilita reducao no custo de construcao da edi-
ficacdo em torno de 30%, podendo ser ainda mais redu-
zido se as habitacdes forem autoconstruidas em mutirdo.

Hegyl, Dico e Calatan (2016) estudaram os aspectos
de sustentabilidade ambiental do adobe como elemen-
to construtivo, destacando-o como material reciclavel,
reutilizavel e de baixo custo.
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Benghida (2015) estudou os aspectos do adobe como
material natural, durdvel e de baixo custo para constru-
cao de edificacbes ao redor do mundo. Destacou que o
elemento construtivo é o mais indicado para construcao
habitacional acessivel frente a demanda da populagao de
baixa em paises em desenvolvimento.

Pereira et al. (2014) projetaram uma bioalvenaria de
vedacao, produzida a partir da terra crua, especificamen-
te 0 adobe, para a construcao de habitacdes de interesse
social, em Serra Branca e Sumé no Cariri Paraibano. A es-
colha do elemento construtivo se deu por oferecer as se-
guintes vantagens: baixo custo em relacdo a matéria-pri-
ma (terra), a producao e energia. Os autores destacaram
que, “para construcao de habitacdo de interesse social
(HIS) em cidades pequenas, com grande disponibilidade
da matéria-prima (terra) e canteiro de obras organizado,
é possivel realizar vdrias habitagcbes de maneira semiarte-
sanal, garantindo padronizacao e maior controle de quali-
dade” (PEREIRA et al., 2014, p. 74).

Volonnino et al. (2014), relataram o processo de fabrica-
¢ao, em regime de mutirao, de 550 adobes, utilizados para
a construcdo da casa ecoldgica que abriga o Nucleo de
Agroecologia e serve como espac¢o de convivéncia para os
integrantes do Instituto Federal de Sao Paulo (IFSP) cam-
pus Sao Roque. Os autores relataram que os adobes foram
produzidos ao longo de trés meses e apresentaram boa
consisténcia e baixo custo de producao.

No que tange a estudos comparativos de viabilidade
econdmica entre o uso do abobe e da alvenaria conven-
cional para construcao de edificacdes, contemplando le-
vantamento de custos, destaca-se o estudo realizado por
Marques (2017). O autor realizou o estudo comparativo
para construcdo de habitacao de interesse social. Os resul-
tados da pesquisa mostraram que o custo dos elementos
de vedacao com adobe correspondeu a cerca de 35% da
reducao do custo total de construcdo da habitacdo quan-
do comparado ao uso do bloco ceramico.

A escassez de publicagdes que tratam especifica-
mente dos aspectos de composicdo orcamentaria do
processo de fabricacao do adobe, ressalta a importan-
cia da pesquisa realizada.

3. MATERIAIS E METODOS
3.1. Atividade de campo
Para coleta das informagdes em campo procedeu-se com

a abordagem metodoldgica da observacao participante,
que, segundo Minaio, Deslandes e Gomes (2016, p. 64),
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trata-se de processo através do qual “o pesquisador se
coloca como observador de uma situacao social com a
finalidade de realizar uma investigacao cientifica”.

Embora a observacao participante faca com que o “obser-
vador seja parte do contexto de sua observagao e, sem duvi-
da, modifique esse contexto, por interfere nele, assim como
é modificado pessoalmente” (MINAIO; DESLANDES; GOMES,
2016, p. 64), durante a coleta dos dados, ateve-se a observa-
¢ao unicamente para descricao do processo de fabricacdo do
adobe nas localidades selecionadas para a pesquisa.

A observacao contemplou: a) descricdo do processo
de fabricacao do adobe e b) os materiais utilizados foram
listados e o quantitativo mensurado, assim como os inter-
valos de tempo gastos entre as etapas de fabricacao, que
contemplam desde a extracdo da matéria-prima (terra) ao
processo de secagem do adobe (PEREIRA et al., 2014).

A atividade de campo envolveu o registro fotografico do
processo de fabricacdo do adobe. O uso das imagens para
fins de publicacdo, encontra-se autorizado pelo Parecer
Consubstanciado do Comité de Etica n. 5.700.715/ 2022.

3.2. Composicao orcamentdria

A composicao orcamentaria considerou os procedimen-
tos sugeridos por Tisaka (2011) e Matos (2009) e compre-
endeu as seguintes etapas:

Etapa 1: calculo do volume de barro minimo necessa-
rio para suprir a producéo diaria (que variou conforme a
localidade analisada) — considerou-se o quantitativo de
unidades fabricadas em funcdo do fornecimento ininter-
rupto de barro, horas de trabalho, traco do barro e dimen-
sdo das formas utilizadas.

Etapa 2: calculo do custo para escavacdo (mecanizada ou
nao mecanizada) - considerou-se o volume de escavacao da
terra em relagdo a produgao minima didria do adobe.

Etapa 3: cdlculo do custo de carga, transporte e des-
carga (manual ou mecanizado) - considerou-se a distan-
cia entre o local de onde a matéria prima foi extraida e o
transporte até o local para producao do adobe.

Etapa 4: calculo do custo de mistura (obtencao do bar-
ro), moldagem e desmoldagem do adobe - considerou-
-se 0 volume minimo de mistura em relacdo ao tempo de
producao de cada “masseira”.

Etapa 5 — preco unitério do adobe - somatério dos
custos associados a cada etapa de producado do adobe
divididos pela quantidade de adobes produzidos diaria-
mente em cada localidade.

Como referéncia, utilizou-se a base de precos SINAPI,
disponibilizada pela Caixa Econémica Federal. A base de
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precos SINAPI, inclui, além dos materiais, os salarios dos
profissionais envolvidos na producao, com encargos so-
Ciais, transporte e alimentacao.

4, RESULTADOS E DISCUSSAO
4.1. Area de abrangéncia da pesquisa

A drea de abrangéncia da pesquisa se estende do municipio
de llhéus a Itabuna, incluindo Urucuca e areas rurais circunvizi-
nhas, localizados no Litoral Sul do Estado da Bahia (Figura 01).

A regiado apresenta clima litoral umido, caracterizada
por microclima quente, imido e sub-Umido, com tempe-
raturas anuais variando entre 20° e 30°C. As chuvas sao
regulares ao longo do ano e mais abundantes nos meses
de maio a agosto (OLIVEIRA et al., 2017).

Litoral Sul
da Bahia \

Urug!
\ rucuca g

>
Salvador Ilhéus

|i| Itabuna
ltabuna_

Bahia

Brasil

Figura 01: Area de abrangéncia da Pesquisa.
Fonte: Adaptado de Pereira e Costa (2022).

Segundo o IBGE (2022), ltabuna possui 401,028 km?
de extensdo territorial, populacdo estimada equiva-
lente a 214.123 habitantes, densidade demografica de
473,5hab/km” e Indice de Desenvolvimento Humano
Municipal (IDHM) correspondente a 0,712. E limitrofe
com os seguintes municipios: Buerarema, Barro Preto,
Ibicarai, Ilhéus, Itajuipe, Itapé e Jussari.

llhéus possui 1.588,555 km” de extenséo territorial,
populacdo estimada equivalente a 157.639 habitantes,
densidade demografica de 104,67 hab/km? e IDHM cor-
respondente a 0,690. E limitrofe com os seguintes muni-
cipios: Aurelino Leal, Buerarema, Coaraci, Itabuna, Itacaré,
Itajuipe, Itapitanga, Una, Uruguca.

Ja Uruguca possui 510,032 km” de extensao territorial,
populacdo estimada equivalente a 20.312 hab, densidade
demogréfica de 39,8 hab/km? e IDHM correspondente a
0,616. E limitrofe com os seguintes municipios: Aurelino
Leal, llhéus, Itacaré e Itajuipe.
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A regido é caracterizada pela cultura da lavoura ca-
caueira. De acordo com Pereira e Costa (2022, p. 49), “a
producado de améndoas de cacau foi a cultura que mais
predominou ao longo dos anos da ocupacao e formacgédo
do territério, configurando seus aspectos sociais, econo-
micos, culturais e ecoldgicos. (...) A dinamica da produ-
¢ado e exportacdo cacaueira desenhou um centro regio-
nal binario urbano, composto pelas cidades de Ilhéus e
Itabuna, que concentra mais de 50% dos habitantes e é
responsavel por mais de 60% do PIB produzido”.

Ainda segundo Pereira e Costa (2022), a vegetacao
que compde a cultura cacaueira, influenciou a ocupa-
cao e formacao do territério onde se encontra a area de
abrangéncia da Pesquisa, sendo esta constituida por flo-
resta ombrofila densa, conhecida como Mata Atlantica.

Dessa forma, a regido apresenta diversas Unidades
de Conservacao Integral e Unidades de Uso Sustentével,
onde sao implantadas ecovilas, caracterizadas pela bio-
construcdo de edificacbes.

4.2. Localidades escolhidas para coleta dos dados

Para encontrar sitios ou artesdes que dominassem a
producdo do adobe na area de abrangéncia da pesqui-
sa, consultou-se o Inventario Nacional de Referéncias
Culturais (INRC, 2022), publicado pelo IPHAN, que indica
nomes e localizacdo de mestres do saber em diversas
areas do conhecimento. Apesar da vasta gama de in-
formacoes relacionadas a construcdo em terra no eixo
Itabuna - Ilhéus - Urucguca, encontrou-se dificuldade em
contatar os profissionais listados no inventario.

Sendo assim, realizou-se buscas em sites de producao
de conteldo, o que possibilitou identificar os bioconstru-
tores mais atuantes na regido. Apds contatos, foram se-
lecionadas duas propriedades rurais nas quais ocorrem a
producao do adobe em maior escala. A primeira situada
no municipio de Uruguca - Assentamento Jodo Amazonas,
e a segunda na zona rural do municipio de Itabuna (eixo
Ilhéus - Itabuna) — Projeto Sapé Ecoldgico.

O Assentamento Joao Amazonas é uma cooperativa
habitacional criada em 2004, localizada na rodovia llhéus-
Urucuca, a 33 km do centro de Ilhéus. Possui area total
correspondente a 833,26 ha e 74 familias assentadas.

A producéo do adobe ocorreu com a finalidade de cons-
trucdo de uma escola para atendimento da comunidade lo-
cal (figura 02). O projeto foi realizado por meio de parceria
entre o Assentamento Jodo Amazonas e a Associacao Global
Social (sem fins lucrativos). A edificagao, ainda em fase cons-
trucao, é feita com alvenaria de adobe (vedacéo e estrutura).
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Figura 02: Escola do Assentamento Jodo Amazonas.
Fonte: acervo pessoal dos autores (2023).

O Projeto Sapé Ecoldgico (figura 03) é uma iniciativa
particular de construcao em terra iniciada em 2020 pelo
professor e bioconstrutor Rafael Almeida. A edificacdo
encontra-se situada em area rural, a 11km do centro de
Itabuna. A producdo do adobe iniciou-se pelo desejo do
proprietdrio em construir uma habitacdo com técnicas
que utilizassem a terra como elemento principal de veda-
¢ao, na qual também fosse possivel obter uma edificacao
segura, com o menor custo possivel.

Figura 03: Projeto Sapé Ecoldgico.
Fonte: acervo pessoal dos autores (2023).

4.3. Processo de producao do adobe

De inicio, informa-se que a producao do adobe nas
duas localidades seguiu procedimento similar ao des-
crito nos estudos realizados por Moreira et al. (2020) e
Braga (2018): extracdo de matéria-prima local (terra),
mistura através do pisoteio, moldagem do adobe em
formas fabricadas (as dimensdes das formas nao aten-
dem a recomendacao da ABNT NBR 16814), desmolda-
gem e secagem ao ar.

Pontua-se que as formas usadas no Assentamento
Jodo Amazonas (de madeira com revestimento interno
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Devido ao alto indice pluviométrico du-
rante o decorrer do ano, a fabricacdo do
adobe deu-se em local situado a apro-
ximadamente a 300 metros do local de
construcdo da edificacdo.

Area de produgéo do adobe

0s materiais necessarios a producdo do
adobe foram coletados nas proximida-
des da obra ou em fazendas vizinhas:
terra, dgua, fibras vegetais, esterco.

Coleta dos materiais

Utilizou-se a palha, oriunda do corte da
grama disponivel no entorno do local
de produgdo.

Fibras vegetais

0 esterco bovino, coletado das fazendas
circunvizinhas, foi colocado em “repou-

Esterco s0” para fermentacdo, armazenado em
reservatorios e posteriormente hidra-
tado por aproximadamente 24 horas.

. Utilizou-se areia média lavada, adquiri-
Areia

da no mercado.

As formas fabricadas in loco tém di-

Formas utilizadas mensoes de 27,5cmx 13 cmx 9,5 cm

Quadro 01: Assentamento Jodo Amazonas.
Fonte: Autores.

em aluminio) e no Projeto Sapé Ecolégico (de aluminio)
foram fabricadas em tais localidades.

Relata-se ainda que a analise de granulometria da ter-
ra, para determinar a necessidade ou nao de adicao de
areia média, foi realizada pelos construtores de maneira
empirica. Ou seja, a partir da pratica e da observacéo.

4.3.1. Assentamento Jodo Amazonas
O quadro 01 apresenta a sintese das informacoes referen-
tes ao processo de produc¢ao do adobe no Assentamento
Joao Amazonas.

A terra foi retirada com auxilio de uma retroescavadeira e
um trator e transportada para o local de produc¢ao do adobe.

Como ja mencionado, as formas foram fabricadas
de madeira com partes internas revestidas em alu-
minio. Segundo os construtores, o revestimento em
aluminio foi feito para facilitar a moldagem e desmol-
dagem do adobe, além de melhorar a durabilidade e
o processo de limpeza das formas.

A figura 04 apresenta a forma confeccionada para pro-
ducédo do adobe no Assentamento Jodo Amazonas.
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Figura 04: Forma confeccionada para producdo do adobe no Assentamento Jodo Amazonas.
Fonte: Acervo pessoal dos autores (2023).

O processo de producao do barro envolveu as seguintes
etapas: primeiramente a terra com a areia foram misturados,
posteriormente se adicionou a palha e por fim o esterco.

A 4qua foi adicionada aos poucos durante a mistura
até obter a consisténcia adequada para a moldagem do
adobe. O material foi misturado por aproximadamente 10
minutos e, por conseguinte, pisoteado até que a mistura
ficasse homogénea para ser colocada nas formas.

O barro foi deixado em repouso por 24 horas. No dia
seguinte o barro foi reidratado, procedendo-se a molda-
gem e desforma dos adobes, os quais foram deixados a
sombra para secagem, conforme apresentado na figura 5.

Quanto ao traco do barro, foram utilizados um carri-
nho de mao de 50L para transporte e medidas da terra e
da areia e um balde de 18L para transporte e medidas do
esterco e da palha. O traco final estabelecido pelos cons-
trutores foi o de 4:3:1,5:1, ou seja, 4 partes de terra (carri-
nhos de mao), 3 partes de arreia (carrinhos de mao), 1,5
partes de esterco (balde) e 1 parte de palha (balde).

|
-
-
F
Y
B

Figura 05: Adobe fabricado pelo Assentamento Jodo.
Fonte: Acervo pessoal dos autores (2023).
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Area de produgao do adobe No local de construgdo da edificacdo.

Os materiais necessarios a producdo do
adobe foram coletados nas proximida-
des da obra: terra e dgua.

Coleta dos materiais

Fibras vegetais Néo foi utilizado

Esterco Nao foi utilizado

Utilizou-se areia média lavada adquiri-

Areia
da no mercado.

Formas metalicas nas dimensdes de 30

Formas utilizadas
anx15emx9cm.

Quadro 02: Projeto Sapé Ecoldgico.
Fonte: Autores.

4.3.2. Projeto Sapé Ecolégico

O quadro 2 apresenta a sintese das informacdes referentes ao
processo de producao do adobe no Projeto Sapé Ecolégico.

O construtor executou a estrutura e cobertura da edi-
ficacdo antes da elevacao das paredes. Essa sequéncia
proporcionou uma area coberta para a producéo e seca-
gem dos adobes e o reaproveitamento da dgua da chuva
(armazenada em caixas d“agua) para sua fabricacao.

A producéo do barro envolveu, primeiramente, a mis-
tura dos insumos secos (terra e areia), por conseguinte,
adicionou-se a agua de modo gradativo até se obter a
consisténcia desejada. O barro foi moldado nas formas, e
o adobe foi imediatamente desmoldado.

Quanto ao traco do barro, o construtor utilizou um
carro de mao de 50L para medicdo da quantidade de
terra e um balde de 18L para medicdo da quantidade de
areia. O traco final estabelecido pelo construtor foi o de
3:1, 0u seja, 3 partes de terra e 1 parte de areia em volume.

A figura 06 apresenta o adobe fabricado pelo Sapé
Ecolégico em processo de secagem.

4.4. Producao do
orcamentaria

custo - Composicao

Para elaborar a composicao orcamentaria do adobe fo-
ram considerados tanto os custos dos insumos, quanto o
tempo de mao de obra e de uso de equipamentos.

O custo para fabricacdo da unidade de adobe foi obti-
do pela razao entre o custo da producéo diaria de adobes
e a quantidade de unidades produzidas no periodo. Tal
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Figura 06: Adobe fabricado pelo Sapé Ecoldgico em processo de secagem.
Fonte: Acervo pessoal dos autores (2023).

procedimento permitiu a obtencao do “preco médio”.

4.4.1. Assentamento Jodo Amazonas
Considerando o fornecimento ininterrupto do barro, cada
colaborador produz diariamente, em média, 100 adobes.
O volume diério de barro necessario para preencher 100
formas corresponde a 0,34 m3. Conforme memoria de
calculo: 0,275x0,13x0,095x100 = 0,340.

Informa-se que, em funcéo da baixa ocupacdo da fibra
vegetal na mistura, seu volume foi desconsiderado. Ja o
esterco foi considerado como “aditivo plastificante”.

Pontua-se que o esterco ocupa aproximadamente 7% do
volume total do barro e a fibra vegetal porcentagem inferior.
Porém, para fins de célculo, o esterco foi computado, pois
o volume deste material pode ser calculado com exatidao,
ao contrario da fibra vegetal, que dentro do balde (utilizado
para medicao de quantidade) apresenta muitos vazios.

Com base na quantidade de barro e na proporcao
dos trés principais materiais do traco, calculou-se o volu-
me de terra necessario para a producao de 100 adobes
(por colaborador) proveniente de escavacdo mecaniza-
da (considerando o fator de empolamento do material
em 30%) que corresponde a 0,23 m3.

Esclarece-se que o volume "solto" corresponde a 0,23
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m3. O volume de terra necessaria para producao de 100
adobes equivale a 0,18 m3. No entanto, durante o pro-
cesso de escavacgado, o material "empola” e ocupa volume
30% superior a 0,18 m3, Sendo assim, conforme memoria
de célculo tem-se: 0,18 x 1,3 =0,23.

O quadro 03 apresenta os custos para escavacao meca-
nizada com retroescavadeira e fornecimento da areia média.

Cédido Valor Valor
SIN A?’I Etapa Un. Unitario | Quantidade | Total
(R$) (R$)

96521 Escav. m’ 49,25 0,18 1,33
370 Fornec. m’ 110,00 0,14 15,40

areia
Produgdo didria de 100 adobes 24,27
Total por unidade de adobe (24,27 / 100 unidades) 0,24

Quadro 03: Custos para escavacdo mecanizada com retroescavadeira e fornecimento da areia média.
Fonte: Autores.

Reitera-se que 4 carros de mao de terra, 3 carros de mao
de areia e 1,5 balde de esterco referem-se a quantidade de
materiais da mistura. Para proporcao, deve-se antes unifi-
car os valores em m3, os quais representam aproximada-
mente 53% de terra, 40% de areia e 7% de esterco (5 para 4
para 1) ou seja, 0,18 m3 para 0,14 m3 para 0,02 m3.

ApOds a escavacdo, a terra e a areia foram transportadas
por 300 metros até as proximidades do local de producao
dos adobes. Considerou-se ainda, o transporte manual do
material descarregado por cerca de 20 metros até o local
de mistura de materiais. O esterco e a palha foram arma-
zenados ao lado do local da mistura.

O quadro 04 apresenta os custos para transporte com
caminhdo, carga e descarga e transporte manual.

Explica-se que a unidade final é m3 x km. Logo, (0,23
m3 de terra + 0,14 m3 da areia) x 0,3 km = 0,11 m® x km.

O barro foi produzido por dois colaboradores. Pontua-
se que uma Unica masseira rende cerca de 100 adobes. Esta
masseira é produzida por 2 colaboradores em 30 minutos.
Se o trabalho fosse realizado por um Unico colaborador, se-
ria necessaria 1 hora para producao de 100 adobes.

Os construtores relataram que ndo houve peneira-
mento do material e, considerando que o transporte dos
materiais estd computado no quadro 4, informa-se que os
servicos aqui descritos envolvem apenas a mistura do ma-
terial, hidratacao e o processo de "pisa”.
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Cédiao Valor Valor
SIN A?’I Etapa Un. Unitario | Quantidade | Total
(R$) (R$)
Transp.
97912 com m’ xkm 3,52 01 0,39
caminhdo
100073 | Cr92e m3 911 0,23 213
descarga
100205 | TSP m*xkm | 1.466,54 0,01 14,67
manual
Produgdo didria de 100 adobes 1719
Total por unidade de adobe (17,19 / 100 unidades) 0,17

Quadro 04: Custos para transporte com caminhdo, carga e descarga e transporte manual.
Fonte: Autores.

Figura 07: Assentamento Jodo Amazonas.
Fonte: Acervo pessoal dos autores.

A figura 07 mostra o processo de mistura do barro.

Durante o acompanhamento do processo, observou-
-se que a producao do barro ocorre durante um dia inteiro
de trabalho. Dessa forma, produz-se e armazena-se o ma-
ximo possivel de barro para que, no dia seguinte, a mis-
tura seja novamente umedecida, moldada e desmoldada.

« Ou seja, 2 colaboradores produzem barro para

1600 adobes por dia.

« 2 colaboradores — 1 masseira — 100 adobes - 30

minutos

« 2 colaboradores - 2 masseiras — 200 adobes — 1

hora

« 2 colaboradores — 16 masseiras — 1600 adobes - 8

horas

O quadro 05 apresenta os custos para mistura do bar-
ro, moldagem e desmoldagem do adobe.

Com base nos custos obtidos (quadros 03, 04 e 05) para
cada etapa da composicdo orcamentaria, tem-se que o custo
total para producao de 100 unidades de adobe corresponde
a RS 234,69, ja o custo por unidade equivale a RS 2,34.

Observou-se que a mao de obra se mostrou como
o item mais relevante no custo da producdo do adobe,
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Codiao Valor Valor
SIN A?’I Etapa Un. Unitario | Quantidade | Total
(R$) (R$)
gazig | Mistura h 147 100 2147
do barro
Moldagem
88316 e desmol- h 147 8,00 171,76
dagem
Producdo didria de 100 adobes 193,23
Total por unidade de adobe (193,23 / 100 unidades) 193

Quadro 05: Custos para mistura, moldagem e desmoldagem do adobe.
Fonte: Autores.

correspondendo a cerca de 80% do custo final, uma vez que
0 processo de producao do elemento construtivo é artesanal.

4.4.2. Projeto Sapé Ecolégico

De acordo com relato do construtor, considerando a dis-
ponibilidade dos insumos e a proximidade do local de
producdo com o de coleta de materiais, cada trabalha-
dor em 8 horas produziu, em média, 70 adobes. O volu-
me didrio de barro estimado pelo construtor para cada
trabalhador é de 0,28 m3.

Relata-se que no Sapé Ecoldgico ndo foram utilizados
escavacao ou transporte mecanizados de materiais. Sendo
assim, considerando a dimensao da forma (30 x 15 x 9 cm),
cujo volume corresponde a 0,00405m> e a producio diaria
de 70 unidades de adobe, foi necessario escavar 0,21m?>,

O quadro 06 apresenta os custos para escavacao ma-
nual da terra e fornecimento da areia.

Cédido Valor Valor
SIN A?’I Etapa Un. Unitario | Quantidade | Total
(R$) (R$)
g3358 | ESCa% m* 84,93 021 17,84
manual
370 Fornec, m® 110,00 007 770
areia
Produgdo didria de 70 adobes 25,54
Total por unidade de adobe (25,54 / 70 unidades) 0,36

Quadro 05: Custos para escavacdo manual da terra e fornecimento da areia.
Fonte: Autores.
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Uma vez que os materiais se encontram préximos ao
local de producao dos adobes, calculou-se o tempo ne-
cessario para o transporte manual do material, mistura
para obtencdo do barro, moldagem e desmoldagem.
Considerou-se 8 horas de trabalho para producao de 70
unidades de adobe. O quadro 07 apresenta o custo para
mistura do barro, moldagem e desmoldagem do adobe.

Cédiao Valor Valor
SIN A?’I Etapa Un. | Unitario | Quantidade | Total
(R$) (R$)
Transporte, mis-
88316 | tura, moldagem h 21,47 8 171,76
e desmoldagem
Produgdo didria de 70 adobes 171,76
Total por unidade de adobe (171,76 / 70 unidade 2,45

Quadro 07: Custos para transporte de material, mistura do barro, moldagem e desmoldagem do adobe.
Fonte: Autores.

Com base nos custos obtidos para cada etapa da com-
posicado orcamentdria, tem-se que o custo total para pro-
ducao de 70 unidades de adobe corresponde a R$ 197,61,
ja o custo por unidade equivale a RS 2,82.

Observou-se que a mdo de obra representou 87% do
custo final do adobe, mostrando-se superior ao percen-
tual encontrado no Assentamento Jodo Amazonas, em
funcdo da ndo mecanizacdo para extracdo e transporte
dos materiais e a menor producao didria por trabalhador.

O custo final, no entanto, é o mais préximo de uma
producdo 100% artesanal do adobe e apesar de estar
intrinsicamente ligado as caracteristicas do local onde
foi produzido, pode ser utilizado como parametro para
localidades com caracteristicas similares a area rural
onde se encontra o Sapé Ecoldgico.

5. CONCLUSAO

De inicio é importante relatar que um dos maiores de-
safios quanto ao emprego do adobe na érea de abran-
géncia da pesquisa (eixo Itabuna - llhéus - Uruguca, BA)
foi a escassez de artesaos capacitados para a fabricacao
do elemento construtivo e construcdo das edificacoes.
Apesar das diversas abordagens e buscas realizadas,
poucos sitios de producao foram encontrados, existindo
apenas em pequenas comunidades rurais ou através de
artesdos e entusiastas da construcao vernacula.

Em relacdo ao processo de fabricacdo do adobe,
nas localidades selecionadas para coleta dos dados,
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constatou-se que o procedimento se mantém vernaculo
compreendendo basicamente a extragdo de matéria-
-prima local, traco elaborado de forma empirica (por
experiéncia e observacao dos construtores), mistura do
barro através do pisoteio, moldagem em estado plastico
em formas de madeira, desforma e secagem ao ar.

No que se refere ao custo de producéo final do
adobe, a coleta de dados permitiu encontrar dois va-
lores muito proximos para o custo de producdo do
adobe: R$2,34 e R$2,82 a unidade.

Apesar do menor valor estar associado a coleta reali-
zada no Assentamento Jodo Amazonas, entende-se que
o valor correspondente a R$ 2,82, encontrado no Projeto
Sapé Ecoldgico, representa maior facilidade de reprodu-
¢ao, uma vez que equipamentos mecanizados (tratores,
escavadeiras, caminhodes etc.) ndo foram utilizados du-
rante o processo de fabricacdo do adobe. Aspecto que
potencializa a repeticao de produ¢do em outros locais.

O valor correspondente a R$ 2,82 inclui os materiais
necessarios para fabricacdo do adobe, além dos encar-
gos sociais e saldrio dos trabalhadores segundo valores
de mercado, sendo por esse motivo um patamar que
pode ser utilizado como base nao sé para a sua fabrica-
¢do como a comercializacao do produto.

No que tange a viabilidade, com base no estudo
realizado, a producdao do adobe, em seu carater arte-
sanal, mostra-se aproximadamente trés vezes superior
ao valor do bloco ceramico no mercado, atualmente
cotado em R$ 0,80 centavos a unidade.

Porém, o custo-beneficio ambiental de uma técnica
construtiva deve considerar fatores além da compara-
¢ao de custo e mercado. Haja vista a industrializacao
ser um processo que tende a reduzir o valor final de um
produto (RIBEIRO, 2017). Além disso, considera-se que
a disponibilidade de recursos, condicdes climaticas e
fatores socioculturais podem influenciar na escolha de
uma técnica construtiva em detrimento de outra.

Por fim, o estudo realizado possibilita auxiliar a for-
macao do preco de venda do adobe, tanto para a lo-
calidade rural, onde se encontra o Assentamento Jodo
Amazonas, quanto para o Projeto Sapé Ecoldgico, caso
se mantenham as condi¢des de producao, ja que o cus-
to para fabricacdo do elemento construtivo arca com
0s custos de materiais e honorérios dos envolvidos na
producao. Abre-se, dessa forma, possibilidades inova-
dores e eficazes para se constituir fonte de renda para
comunidades ou artesaos.
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RESUMO

O diamante é um mineral imprescindivel na sociedade contemporanea, seja por seu uso pratico na industria ou
simbdlico na joalheria. Desta forma, ha uma constante demanda, parcialmente suprida pelos diamantes sinté-
ticos. Com a necessidade de ponderar acerca de atributos de sustentabilidade comentados pela midia, neste
estudo busca-se discutir se o diamante sintético pode ser considerado ambientalmente amigavel. O estudo foi
realizado por meio de revisdo de literatura com objetivo de analisar os insumos utilizados na sintese do material,
bem como, na padronizacao dos recursos utilizados no processo em diferentes localidades do mundo. Conforme
estes critérios o diamante sintético ndo pode ainda ser caracterizado como um produto verde, devido a caréncia

de transparéncia do seu processo produtivo e divulgacdo de pesquisas académicas relacionadas ao tema.

PALAVRAS CHAVE

Diamante. Diamante sintético. Sustentabilidade ambiental. Design e tecnologia.

ABSTRACT

Diamond is an essential mineral in contemporary society, whether for its practical use in industry or symbolic use in
jewellery. Within that, there is a constant demand, partially supplied by synthetic diamonds. With the need to ponder
sustainability attributes commented on by the media, this study seeks to understand whether synthetic diamonds can
be considered environmentally friendly. The study was carried out through a literature review to analyse the inputs
used in the synthesis and as the standardization of the resources used in the process in different locations globally.
According to these criteria, synthetic diamonds cannot yet be characterized as a green product due to the lack of trans-
parency in its production process and dissemination of academic research related to the topic.

KEY WORDS

Diamond. Synthetic diamond. Environmental sustainability. Design and Technology.

RESUMEN

El diamante es un mineral esencial en la sociedad contempordnea, ya sea por su uso prdctico en la industria o su uso
simbdlico en joyeria. Debido a esto, existe una demanda constante de los mismos, parcialmente satisfecha por los dia-
mantes sintéticos. Con la necesidad de considerar atributos de sostenibilidad comentados por los medios, este estudio
busca comprender si los diamantes sintéticos pueden considerarse amigables con el medio ambiente. El estudio se realizé
mediante una revision de la literatura para analizar los insumos utilizados en la sintesis y la estandarizacién de los recur-
sos utilizados en el proceso en diferentes lugares a nivel mundial. Seguin estos criterios, los diamantes sintéticos todavia no
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pueden ser caracterizados como un producto ecolégico debido a la falta de transparencia en su proceso de produccién y
la difusién de investigaciones académicas sobre el tema.

PALABRAS CLAVE

Diamante. Diamante sintético. Sostenibilidad ambiental. Disefio e tecnologia.
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1. INTRODUCAO

O diamante tem uma de suas utilizacdes na indUstria e ou-
tra como gema na producdo de joias, onde, segundo a De
Beers (2021), a demanda global por joias com diamantes
foi avaliada em US$68 bilhdes no ano de 2020. Frente a
essa relevancia econémica, o presente trabalho trata de
um estudo acerca do diamante sintético; uma alternativa
que, desde a sua producdo massificada, vem ganhando
popularidade como alternativa ambientalmente amiga-
vel ao diamante natural.

Para isso, abordam-se os dois processos de producao
do diamante (HPHT - High Pressure High Temperature e
CVD - Chemical Vapor Deposition) e seus impactos am-
bientais. Destaca-se aqui que produto verde, como su-
poe-se que possa ser o diamante sintético, é um produto
que contempla alguma melhoria, em quesitos de impacto
ambiental, em relacdo a sua versao equivalente produzi-
da dentro que um contexto convencional (D'SOUZA ET
AL., 2007)

Tem-se, como objetivo geral neste artigo, compre-
ender se é possivel designar essa gema sintética como
sustentdvel, focando no que diz respeito ao aspecto am-
biental da producdo de diamante sintético. A pesquisa
tem como procedimento técnico a revisdo bibliografica,
utilizando publicacbes datadas majoritariamente da ulti-
ma década. O material consultado é referente a publica-
¢oes de periddicos académicos, encontrados por meio de
buscas com termos diversos no Google Académico e den-
tro da publicacdo Gems & Gemology, bem como jornais e
relatérios divulgados por empresas do setor de joalheria.

Além das buscas mencionadas, as bases consulta-
das dentro da presente pesquisa incluem Science direct,
Scopus e Web of Science, vinculadas a CAPES. Para a pes-
quisa foram utilizados os termos "synthetic diamond"
AND sustainab* (“diamante sintético” E sustenta*, em
inglés). Foram encontrados, respectivamente, 28, 14 e 6
publicagbes, onde apenas uma apresentava relacdo com
o assunto pretendido, sendo encontrada duplamente.
Torna-se relevante mencionar que os estudos publicados
sdo, de forma geral, referentes ao uso do diamante sintéti-
co para utilizacdo industrial, ndo explorando o aspecto de
sustentabilidade do material.

Nos textos estudados trata-se das formas de producéo
de diamantes ou sobre as questdes de sustentabilidade,
entre elas, especialmente, o consumo de energia e de ou-
tros recursos. O enfoque estd no diamante sintético, en-
tretanto, também sdo apresentadas comparacdes entre o
diamante sintético e o natural, tendo em vista a natureza

APremissa de Sustentabilidade dos Diamantes Sintéticos | P. H. Z. MIOR; J. J. JACQUES; L. C. DUARTE.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.151-160

das informacdes coletadas nos materiais analisados.
2. DIAMANTE SINTETICO

O diamante é definido como a Unica gema composta de
apenas um elemento, o carbono (AREM, 1987). Esse mi-
neral pertence ao sistema cubico, isétropo, possuindo as
mesmas propriedades fisicas ou épticas em todas as di-
recdes do cristal. Além disso, o diamante é o material de
maior dureza - ou seja, quao bem um material resiste a
abrasao - possuindo uma dureza 10 na Escala Mohs. essa
gema é 58 vezes mais resistente do que qualquer outro
material na natureza, por conta de disposicdo dos 4tomos
de carbono (AREM, 1987; GEMOLOGICAL INSTITUTE OF
AMERICA, 2019).

O diamante sintético, por sua vez, é a versao elaborada
artificialmente do diamante natural (AL, 2016). Referente
aos termos em inglés, o diamante sintético muitas vezes
é também chamado de man-made diamond (diamante
feito pelo homem) ou laboratory-grown Diamond e la-
b-grown diamond (diamante feito/criado em laboratério
(ALl, 2016; BAGATHI ET AL.,2021),

Quanto as caracteristicas desse mineral e suas aplica-
¢oes, o Gemological Institute of America (2019, p.?) des-
creve que as propriedades de dureza, alta condutividade
térmica, transparéncia 6ptica e alta resisténcia elétrica do
diamante o tornam especialmente adequado para mui-
tas aplicacdes de alta tecnologia. Complementando essa
afirmacdo, Wang (2020) afirma que o diamante é funda-
mental para a industrializacdo, contribuindo para o valor
desse mineral em diversos ambitos sociais e tecnoldgicos.

Além da utilizacao na joalheria, o diamante possui
aplicagdes industriais, em virtude a isso, Sauer (s/d, p. 156-
157) aponta que, por conta da sua dureza e resisténcia al-
tissima, é constante a utilizacdo do diamante na industria,
em magquinario pesado - porém, apesar da sua importan-
cia nesse setor, o seu grande potencial esta associado a
industria de tecnologia digital, como em supercompu-
tadores, semicondutores especiais, em experimentos de
aceleradores de particulas, fotodetectores, janelas trans-
parentes e protetoras para naves e sondas espaciais.

As caracteristicas gerais citadas fazem parte do dia-
mante, independentemente da forma como ele é ob-
tido, seja por mineragao, ou, por processos de sintese
(GEMOLOGICAL INSTITUTE OF AMERICA, 2019). Entre es-
ses processos, encontram-se duas opg¢des: High Pressure
High Temperature - HPHT (Alta pressao Alta temperatura)
e Chemical Vapor Deposition - CVD (Deposicdo de Vapor
Quimico), que serao descritos nas proximas se¢des (figura 1).
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Figura 1: Diamantes CVD (A) e HPHT (B

Fonte: Adaptado de Eaton-Magaiia e Breeding 2018.

2.2 Processos de Producao

Os diamantes de alta pressdo e alta temperatura (HPHT, na
sigla em inglés), de acordo com Shigley (2016), sdo produ-
zidos em laboratorio, replicando as condi¢des de formagao
dos diamantes naturais, situando-se como o método mais
popular (ZHDANOV ET AL., 2021). Jason Payne (in ABRAM,
2019) comenta que, neste processo, as altas pressoes e tem-
peraturas criam um ambiente onde o carbono cristaliza-se
em forma de diamante (figura 2).
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Figura 2: llustracdo do processo HPHT
Fonte: Adaptado de Abram, 2019.

Para Shigley (2016), a temperatura utilizada esta entre
1300 e 1600°C, com uma pressao acima de 870.000 Ibf/in?
resultando em um mineral cujo formato é de um cubooc-
taedro, sendo que o habito mais comum na natureza é o
octaedro (figura 3).

e

Figura 3: Diamante bruto em habito cubooctaédrico e octaédrico

Fonte: Adaptado de Gemological Institute of America, 2019.

Para a producdo de um diamante por meio de depo-
sicao quimica de vapor (CVD na sigla em inglés), é neces-
sdria “a quebra de moléculas de um gds rico em atomos
de carbono e hidrogénio que, entdo, sdao depositados
em ‘sementes’ de diamante” (SHOR, 2019; PAYNE, 2019).
Apesar da existéncia de diversos gases a base de carbono,
a fonte classica de carbono em CVD é o metano (Zhdanov
etal,, 2021). Dessa forma, o metano é a fonte de atomos de
carbono, que sao colocados com a ajuda do hidrogénio
atdmico dentro da zona de reacéo (figura 4). Shor (2019)
comenta que, a partir desse processo, é produzido um
cristal de diamante tubular.



Placa de diamants

Figura 4: llustragdo do processo CVD.

Fonte: Adaptado de Abram, 2019.

Além dos formatos, existem outras diferencas entre os
diamantes resultantes desses processos: o HPHT costuma
gerar diamantes maiores e com cor, enquanto “o processo
CVD resulta em diamantes menores, mais puros e incolo-
res” (BAGATHI ET AL., 2021, p. 236). Payne (2019 in ABRAM,
2019) complementa colocando os diamantes feitos por
CVD como, de maior qualidade. A partir de ambos os pro-
cessos, sdo ponderadas diferentes questdes de impacto
ambiental, levando em conta os materiais utilizados e o
consumo de recursos naturais.

3. DIAMANTES E SUSTENTABILIDADE

A sustentabilidade, refere-se ao equilibrio entre socieda-
de, capital natural e economia, sendo, muitas vezes, um
conceito “ndo mensuravel, ambiguo e global no contexto”
(WASEEM e KOTA, 2017, p.368). Focando no setor de gemas,
Alonso-Perez (2020) comenta que um dos pontos cruciais é
tratar sobre praticas sustentdveis, especialmente o impac-
to ambiental. Segundo a pesquisadora, a sustentabilidade
propriamente dita ndo existe, uma vez que estima-se que
ja foram extraidos 75% dos recursos naturais do planeta,
que sao finitos.

Quanto as acdes sustentaveis, sdo propostas formas
de melhoramento de processo e alternativas de produtos,
para alcancar um “produto verde”, o qual representa uma
conquista significativa na reducdo do impacto ambiental,
(D'SOUZA ET AL., 2007).

O Grupo De Beers (2021) e o Grupo Pandora (s/d) apon-
tam o crescimento do engajamento do consumidor com
os topicos de sustentabilidade de forma universal. Na joa-
Iheria, de acordo com o material divulgado por ambos os
grupos, essa preocupacao esta especialmente direciona-
da a cadeia de producao de diamantes.

Os danos ambientais, bem como as violagdes de direi-
toshumanosrelacionadosaextracaode diamantes, vieram

APremissa de Sustentabilidade dos Diamantes Sintéticos | P. H. Z. MIOR; J. J. JACQUES; L. C. DUARTE.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.151-160

a tona no final dos anos 1990, e resultaram no cunho do
termo “diamantes de sangue” (ALI, 2016; BAGATHI ET AL.,
2021). Como uma forma de combate a esses problemas,
o conselho das Nagdes Unidas criou o Kimberley Process,
em 2003.

Este 6rgao opera sobre um regime multilateral de co-
mércio com o objetivo de impedir o fluxo de “diamantes
de zonas de conflito”, aqueles que “sdo comercializados ili-
citamente para financiar os combates armados, a partir da
certificacdo de diamantes brutos” (KIMBERLEY PROCESS,
s/d). Apesar de sua importancia, essa certificacdo possui
a sua parcela de criticas. Segundo Freedman (2022), um
exemplo contemporaneo é a falta de discussao sobre os
diamantes minerados na Russia, considerando o conflito
vigente entre o pais e a Ucrania.

Em relagdo ao Brasil, de acordo com o préprio 6rgao,
apos 2004, ano em que o governo brasileiro aprovou uma
legislacdo suspendendo a exploracdo mineral e contro-
lando a atividade de mineracdo em terras indigenas, a
certificacdo deixou de incluir diamantes explorados nes-
sas areas.

Apesar da solucdo proposta para as empresas de mi-
nera¢ao, Webb (2021) relata que o diamante sintético vem
ganhando popularidade com a premissa de ser uma al-
ternativa verde. Beckett (2022) relata que essa ideia do
diamante sintético como sustentavel pode ser visto em
propagandas na midia.

Periddicos brasileiros de moda e beleza, de carater pu-
blicitério, descrevem os diamantes sintéticos como “uma
resposta sustentavel e tecnoldgica para uma clientela
preocupada” (SOTOCORNO, 2022), apesar de ndo apre-
sentarem dados suficientes para sustentar tal afirmacao.
Além de texto, imagens, como de Yahn (2022), também
retratam uma comparacao entre as cadeias de producao
de diamantes minerados e sintéticos que criam a possibi-
lidade de uma interpretacao erronea.

Da mesma forma que ha um aumento na busca por
diamantes sintéticos, também ha um aumento da preocu-
pagdo com o seu impacto ambiental, sendo que um dos
principais pilares a ser considerado é o consumo de ener-
gia. Frente a esse quesito, Ali (2016) indica a dificuldade de
uma analise efetiva, tendo em vista que os dados variam
consideravelmente, assim como a matriz energética utili-
zada por cada pais produtor de diamantes sintéticos nao
sera mesma.

Bagathi et al. (2021), por sua vez, afirmam que, muitas
vezes, hd a alegacao de que a energia utilizada para pro-
duzir diamantes é proveniente de fontes renovaveis, con-
tudo, isto ndo é necessariamente veridico ao analisar-se o
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consumo de energia dos paises produtores de diamantes
sintéticos.

Um exemplo de utilizacdo de energia nao-renovavel
vem da China, citado por Zhdanov et al. (2021), o maior
pais produtor de diamantes sintéticos do mundo, res-
ponsdavel por uma parcela de quase 50% da producdo
internacional.

Naquele pais, a energia proveniente da queima de
carvao é responsavel por 56,8% da matriz energética, si-
tuando-se como o maior emissor de didxido de carbono
do mundo (CHENG, 2021). Segundo Wang (2020), o pais
asiatico opera com um total aproximado de 600 empre-
sas, onde foi produzida uma média de 4 mil toneladas de
diamante industrial entre 2010 e 2019, pelo método HPHT
(figura 6).

Figura 6: Fébrica de diamantes do tipo HPHT na China.
Fonte: Wang, 2020.

Pela presenca de processos mecanicos, tanto na sinte-
se por HPHT, quanto por CVD, ha a utilizacao de energia
constante; gasto esse, que também ocorre para a fabrica-
¢ao das pecas utilizadas para a construcdo das maquinas,
assim como para o processo de sintese dos diamantes. Ali
(2016) relata que comparagdes entre as emissdes de car-
bono para diamantes naturais e sintéticos podem ser er-
réneas, uma vez que nao ha a divulgacao da quantidade
de pecas utilizadas e descartadas e do material bruto utili-
zado para o desenvolvimento dos diamantes. Além disso,
a andlise do ciclo de vida dos itens a serem utilizados varia
de acordo com o material em que o item é fabricado, im-
pactando assim na sustentabilidade do produto.

Essa falta de clareza acerca do processo é apontada
por Beckett (2022), ao relatar sobre a substituicdo do dia-
mante natural pelo diamante sintético em pecas da marca
Pandora, a maior joalheria do mundo em termos de volu-
me. O Grupo Pandora (s/d) afirma que os diamantes sinté-
ticos utilizados pela empresa sao produzidos e lapidados
utilizando 100% de energia renovavel e correspondem a
uma pegada de carbono de apenas 5% do total produzi-
do por um diamante minerado.
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Josephs (2021) menciona que os diamantes tém a Gra-
Bretanha como o seu local de producdo; porém, apesar
disso, o grupo Pandora nédo divulgou detalhes sobre o seu
fornecedor e ndo deu informacbes aprofundadas sobre
quais os dados utilizados como base e referéncia para as
informacdes divulgadas. Além das propagandas mencio-
nadas anteriormente, embalagens ou certificados de pe-
cas de marcas, como a prépria Pandora, também apontam
o diamante sintético como um produto sustentavel (figura 7).

Figura 7: Certificado de diamante Pandora.

Fonte: The art of Pandora, s/d.

Além do quesito energia, os materiais sdo importantes nes-
ta analise de impacto ambiental. Ali (2016) comenta que, uma
vez que os detalhes acerca dos processos de producao nao
sdo de conhecimento publico, ndo é possivel delimitar, com
exatidao, quais as matérias-primas utilizadas e o seu impacto
individual. Em uma pesquisa realizada em 03 de outubro de
2023, na plataforma Google Patents, foram encontrados 94
resultados para o termo “(synthetic diamond) Tl=(laboratory
grown diamond)”. As patentes listadas incluiam uma varieda-
de de métodos para o cultivo e identificacdo de diamantes.

Entre os possiveis materiais utilizados como catalisadores
dos processos de sintese do diamante, Ali (2016) cita a platina.
De acordo com informagdes presentes no programa Ansys
Granta EduPack (2022), a platina possui uma alta pegada de
carbono, sendo apenas cerca de 40% proveniente de material
reciclado. No setor de joalheria, para Garside (2022) a estimati-
va é que 10 mil kg de platina sejam reciclados mundialmente
em 2022. Ademais, a obtencao desse e de outros metais ocor-
re por meio da mineracdo, ndo excluindo completamente
esse processo na obtencao dos diamantes sintéticos.

Assim como hd o consumo de energia e materiais, ha o
consumo de agua. Zhdanov et al. (2021, p.9) indica o uso de
agua no processo de HPHT como item essencial para o resfria-
mento das maquinas. J4, no processo de CVD, a 4gua também
pode ser utilizada como fonte de hidrogénio. Considerando
o resfriamento, a 4gua também possui diferentes parametros



de consumo, podendo variar grandemente dentro do mes-
mo tipo de processo de producdo - uma vez que “métodos
de circuito fechado consomem aproximadamente o dobro da
guantidade de energia”, em comparacdo com contrapartidas
de circuito aberto (ZHDANOV ET AL., 2021).

Em uma comparagao entre o consumo médio de recur-
s0s como energia e de dgua, é possivel verificar uma grande
diferenca ainda dentro do mesmo processo (tabela 1). No
estudo apresentado por Zhdanov et al. (2021, p.9), maquinas
utilizadas no processo de HPHT, onde s&o utilizados circuitos
de refrigeracdo abertos, a média de consumo varia entre 28 e
36 kWh/ct, sendo que a medida de ct (quilate) éigual a 0,2 g.

Matodo Emprasa Enargia Agua
(kWh/ct) (m*/et)
Mineracao ALROSA 96 0,077
DeRears 150 Nan
analisado
HPHT “BL0-press” 36 0
Apullo 28 ~0
Diamonds
Fhdanov et 215 0,002
al
ovD lla Tedh 77 Nau
analisado
Elkati 143 Mao
analisado

Tabela 1: Consumo médio de energia e dgua por 1ct de diamantes.

Fonte: Adaptado de Zhdanov et al., 2021, p. 9.

Nos processos de CVD, apontados por Zhdanov et al.
(2021, p.9), hd uma variacdo muito mais expressiva, estabele-
cendo-se nos valores de 77, 143 e 215 kWh/ct. Por fim, ao se-
rem analisadas empresas de mineracdo, a energia utilizada é
de cerca de 96 e 150 kWh/ct. No que se refere aos dados de
consumo de dgua, os métodos HPHT e CVD apresentaram um
valor de aproximadamente 0 e 0,002 m3/ct, onde a empresa
de mineracdo ALROSA relatou um consumo de 0,077 m3/ct

Como supracitado, é necessdrio levar em consideracao
a forma como a energia utilizada é gerada. De acordo com
Zhdanov et al. (2021, p.9), no caso da ALROSA, a energia é gera-
da em hidrelétricas, tomando-se como base os dados relativos
ao relatério da empresa do ano de 2018.

E importante considerar ainda que, como relatado por
Zhdanov et al. (2021, p.9), dentro das préprias companhias,
ha uma grande diferenca no consumo de recursos de minas
e empresas de sintese, muitas vezes ditados pelo tipo de cli-
ma do pais onde ocorre a producao dos diamantes. Segundo
Garside (2021), a lista de paises com maior participacdo na pro-
ducdo de diamante sintético incluia, além da China, a india, os
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EUA, Singapura, paises variados da Europa e Oriente Médio
(n@o nomeados) e a Russia.

4. CONSIDERAGOES FINAIS

O diamante fez, e seque fazendo, parte da sociedade
como importante componente de ferramentas industriais
e de simbolos culturais, materializados por meio de joias.
A demanda pelo mineral hoje é, em parte, suprida por
diamantes fabricados, o qual reforca questionamentos
acerca da sustentabilidade que, em concordancia com a
De Beers (2021) e a organizacao Kimberley Process (s/d),
vém sendo veementemente levantados pelos consumi-
dores e populacao geral.

Frente a isso, a partir dos dados trazidos pela literatura,
nao é possivel considerar que o diamante sintético é am-
bientalmente amigdavel sem a verificacdo de informacoes
sobre fonte e consumo de materiais, 4gua e energia. A
impossibilidade se da levando em consideracdo a inviabi-
lidade de definicao, tanto dos materiais, quanto de todos
0s mecanismos utilizados para ambos os principais pro-
cessos de sintetizacdo de diamantes. Essa problematica
agrava-se, ainda, dada a falta de uniformizacéo da prépria
producao daquilo que é utilizado, variando imensamente
entre paises.

Além da lacuna de informacgbes sobre os métodos de
producdo e muito do que os engloba, pode-se considerar
gue o diamante sintético falha em alguns aspectos basi-
cos para ser considerado sustentavel, a partir do que é de-
finido por Waseem e Kota (2017). Como mencionado por
Ali (2016), isso ocorre, uma vez que, apesar da reducao de
elementos imprescindiveis para obtencao do diamante
natural - em especial a mineracao, por seu impacto social
e ambiental - no diamante sintético ainda se utiliza esse
mesmo procedimento para ter acesso a materiais ineren-
tes a sua fabricacéo.

Autores como Bagathi et al. (2021) concluem que o
diamante sintético é sustentavel tendo como vista a ques-
tao ética relacionada a mineragao dos diamantes naturais
e o possivel financiamento de conflitos por meio deles.
Entretanto, como ja mencionado, considerando a utiliza-
¢ao da mineragao para a producao de catalisadores dos
métodos de sintese, esses problemas nao se afastam das
versoes fabricadas de diamante, assim como exposto por
Ali (2016).

J4, considerando a drastica diferenca entre os proces-
sos de mineracdo e de sintese, no que tange somente ao
consumo de agua e energia elétrica, pode-se considerar
o diamante sintético como um produto verde. Isso se da
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pela diminuicdo da quantidade desses recursos utilizados
em comparagao com o processo tradicional de obtengao
de diamantes.

Dessa forma, a sintetizacdo de diamantes ainda esta
sujeita a uma extensa gama de melhorias para tornar-se
pertencente a ampla definicdo de sustentavel. Assim, as
empresas interessadas em agregar valor ao produto dia-
mante sintético devem prover informacdes claras sobre
seus processos produtivos, fazendo-se transparentes aos
seus consumidores.

REFERENCIAS

ABRAM, Cleo. Explained: Diamonds. S02 E10. Vox &
Netflix Worldwide entertainment: 2019.

ALI, Saleem. The ecology of diamond sourcing: from
mined to synthetic gems as a sustainable transition.
Journal of Bioeconomics. Springer, 2016. Disponivel
em: https://doi.org/10.1007/s10818-016-9241-8/

ALONSO-PEREZ, Raquel. The Sustainability
Minefield. GIA Knowledge Sessions Webinar Series.
Carlsbad: Gemological Institute of America, 2020.
Disponivel em: https://youtu.be/hofDOPhqh9oU/
Acesso em 23 de maio de 2022.

AREM, Joel. Encyclopedia of Gemstones. New York,
Van Mostrand Reinhold Company Inc, 1987.

ANSYS GRANTA EDUPACK. Metais nobres. Acesso em
31 de agosto de 2022.

BAGATHI, Anil Kumar; BALAGTAS, Carmelo; BOPPANA,
Sai Vijay Kumar; COSTE-MANIERE, Ivan; VINCENT,
Florent; LE TROQUER, Francois; BOYER, Gérard. Lab-
Grown Diamond - The Shape of Tomorrow’s
Jewelry. Singapore: Springer, 2021. Disponivel em: ht-
tps://doi.org/10.1007/978-981-16-2454-4_11/

BECKETT, Kathleen. Pandora’s New Collection: No
Charms. The New York Times. Disponivel em: https:/
www.nytimes.com/2022/11/21/fashion/ jewelry-pan-
dora-lab-grown-diamonds-copenhagen. Acesso em
10 de dezembro de 2022.

EATON-MAGANA, Sally; BREEDING, Christopher.

Features of Synthetic Diamonds. Gems &
Gemology, Summer Vol. 54, No. 2. Carlsbad:

Mix Sustentavel | Floriandpolis | v.10 | n.1] p.151-160 | MAL | 2024

Gemological Institute of America, 2018. Disponivel
em: https://www.gia.edu/gems-gemology/
summer-2018-features-of-synthetic-diamonds/
CHENG, Evelyn. China has ‘no other choice’ but to
rely on coal power for now, official says. CNBC, 2021.
Disponivel em: https://www.cnbc.com/ 2021/04/29/
climate-china-has-no-other-choice-but-to-rely-on-
-coal-power-for-now.html Acesso em 27 de junho de
2022.

DE BEERS. Sustainability: Shaping the Future of the
Diamond Sector. Diamond insight report. De Beers
Group, 2021. Disponivel em: https://www.debeers-
group.com/~/media/Files/D/De-Beers-Group-V2/do-
cuments/reports/insights/ 2021/2021-the-diamond-
-insight-report.pdf Acesso em 11 de julho de 2022.

D'SOUZA, C,; Taghian, M., R. Khosla. Examination of
environmental beliefs and its impact on the influen-
ce of price, quality and demographic characteristics
with respect to green purchase intention. Journal
of Targeting, Measurement and Analysis for
Marketing, Vol. 15. N.2, 2007. Disponivel em: https://
doi.org/10.1057/palgrave.jt.5750039/

FREEDMAN, Joshua. Kimberley Process rejects
efforts to put russia on agenda. Rapapot, 2022.
Disponivel em: https://www.diamonds.net/News/
Newsltem.aspx?ArticlelD=69212&ArticleTitle=Kimber-
ley+Process+Rejects+Efforts+to+Put+Russia+on+A-
genda. Acesso em 19 de maio de 2023.

GARSIDE, M. Lab-grown diamond production worl-
dwide in 2020, by region Statista, 2021. Disponivel
em: https://www.statista.com/statistics/ 1204042/
global-lab-grown-diamond-production-by-re-
gion/ Acesso em 16 de maio de 2023.

GARSIDE, M. Recycled platinum worldwide
from 2010 to 2022, by former use. Statista, 2022.
Disponivel em: https://www.statista.com/statistics/
593072/ platinum-recycled-worldwide-by-former-u-
se/ Acesso em 31 de agosto de 2022.

GEMOLOGICAL INSTITUTE OF AMERICA. Laboratory-
grown Diamond [Material de didatico do curso
Diamond & Diamond grading, lecionado no GIA]
Carlsbad: GIA, 2019.

JOSEPHS, Jonathan. Pandora says laboratory-made



diamonds are forever. BBC News. Disponivel em: ht-
tps://www.bbc.com/news/ business-56972562. Acesso
em 17 de maio de 2023.

KIMBERLEY PROCESS. What is the Kimberley
Process? Disponivel em: https:/www.kimberleypro-
cess.com/en/what-kp. Acesso em 15 de junho de 2022.

KIMBERLEY PROCESS. Report of the review visit to
Brazil. 2006. Disponivel em: https://www.kimber-
leyprocess.com/en/system/files/documents/2006%20
Brazil%20Review%20visit%20report_0.pdf.
em 17 de junho de 2022.

Acesso

PANDORA. Pandora Brilliance - information on sus-
tainability. Pandora Group.

SAUER, Jules Roger. As eras do diamante.

SHIGLEY, James. HPHT and CVD Diamond Growth
Making
Gemological Institute of America, 2016. Disponivel em:
https://www.gia.edu/hpht-and-cvd-diamond-grow-
th-processes. 15 de maio de 2022.

Processes: Lab-Grown Diamonds.

SHOR, Russell.Is There a Difference Between Natural
and Laboratory-Grown Carlsbad:
Gemological Institute of America, 2019. Disponivel
em: https://www.gia.edu/gia-news-research/differen-
ce-  between-natural-laboratory-grown-diamonds.
Acesso em 30 de maio de 2022.

Diamonds?

SOTOCORNO, Vivian. Tudo que vocé precisa sa-
ber sobre diamantes de laboratério. Vogue Brasil.
Disponivel em: https://vogue.globo.com/ moda/noti-
cia/2022/11/tudo-que-voce-precisa saber-sobre-dia-
mantes-de-laboratorio.ghtml Acesso em 24 de maio
de 2023.

THE ART OF PANDORA. Pandora Brilliance 0.25 Carat
14k Gold Open Bangle. Disponivel em: https://thear-
tofpandora.com/review-pandora-brilliance-0-25-ca-
rat-14k-gold-open-bangle/ Acesso em 20 de maio de
2023.

WANG, Wuyi. Laboratory-Grown Diamonds from
China. GIA Knowledge Sessions Webinar Series.
Carlsbad: Gemological Institute of America, 2020.
Disponivel em: https://youtu.be/_nMe_f6qfQY. Acesso

APremissa de Sustentabilidade dos Diamantes Sintéticos | P. H. Z. MIOR; J. J. JACQUES; L. C. DUARTE.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.151-160

em 23 de maio de 2022.

WASEEM, Nikhat; KOTA, Srinivas. Sustainability
Definitions- An Analysis. In: Chakrabarti, Amaresh;
Chakrabarti, Research into Design
for Communities. Smart Innovation, Systems and
Technologies, vol 66. Singapore: Springer, 2017.
Disponivel em: https://doi.org/10.1007/978-981-10-
3521-0_31. Acesso em 28 de maio de 2022.

Debkumar.

WEBB, Bela. Are lab-grown diamonds really the
sustainable future? Disponivel em: https://www.
voguebusiness.com/sustainability/are-lab-grown-dia-
monds-really-the-sustainable-future we-pandora-de-
-beers. Acesso em 21 de maio de 2022.

YAHN, Camila. Diamantes de laboratdrio. FFW.
Disponivel em: https:/ffw.uol.com.br/noticias/ moda/
diamantes-de-laboratorio-entenda-as-diferencas-e-
-0s-beneficios-dessa-nova-tendencia-da-joalheria/
Acesso em 24 de abril de 2023.

ZHDANOV, Vladislav; SOKOLOVA, Marina; Smirnov,
Pavel; ANDRZEJEWSKI, Lukasz; BONDAREVA, lJulia;
EVLASHIN, Stanislav. A Comparative Analysis of Energy
and Water Consumption of Mined versus Synthetic
Diamonds. Energies 14, n° 21: 7062. 2021. Disponivel
em: https://www.mdpi.com/1996-1073/14/21/7062

AUTORES

ORCID: 0000-0002-4387-7537

PAULINA HELENA ZANLUCHI MIOR, MESTRANDA. | UFRGS |
DESIGN | Porto Alegre, RS - Brasil | Correspondéncia para:
R. Fernando Ferrari 1393 caixa 23 - Centro, Esteio - RS,
93260-030| e-mail: zanluchi.mior@ufrgs.br

ORCID: 0000-0003-2109-0677

JOCELISE JACQUES DE JACQUES, DOUTORA. | UFRGS | DESIGN
| Porto Alegre, RS - Brasil | Correspondéncia para: Av.
Osvaldo Aranha 99, sala 408 - Centro, Porto Alegre - RS,
90035-190 | e-mail: jocelise.jacques@ufrgs.br

ORCID: 0000-0001-5690-0794

LAUREN DA CUNHADUARTE, DOUTORA. | UFRGS | MINERALOGIA
E PETROLOGIA | Porto Alegre, RS - Brasil | Correspondéncia
para: Av. Osvaldo Aranha 99, sala 604 - Centro, Porto
Alegre - RS, 90035-190 | e-mail: lauren.duarte@ufrgs.br

Mix Sustentavel | Floriandpolis | v.10 | n.1| p.151-160 | MAI | 2024




APremissa de Sustentabilidade dos Diamantes Sintéticos | P. H. Z. MIOR; J. J. JACQUES; L. C. DUARTE.
https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.151-160

COMO CITARESTE ARTIGO:

MIOR, Paulina Helena Zanluchi; JACQUES, Jocelise
Jacques de; DUARTE, Lauren da Cunha. MIX
Sustentavel, v. 10,n. 1, p. 151-160, 2024. ISSN 2447-3073.
Disponivel em: <http://www.nexos.ufsc.br/index.php/
mixsustentavel>. Acesso em: _/ /_.doi: <https://doi.
0rg/10.29183/2447-3073.MIX2024.v10.n1.151-160>.

SUBMETIDO EM: 06/06/2023

ACEITO EM: 09/10/2023

PUBLICADO EM: 16/05/2024

EDITORES RESPONSAVEIS: Lisiane Ilha Librelotto e Paulo Cesar
Machado Ferroli

Record of authorship contribution:
CRediT Taxonomy (http://credit.niso.org/)

PHZM: conceituacao, analise formal, investigagcdao, meto-
dologia, administracdo de projetos, visualizacdo, escrita,

rascunho original.

JJJ: supervisao, validacgao, visualizacao, escrita - revisdo &
edicao.

LCD: supervisao, validacao, visualizacdo, escrita - revosao
& edicao.

Conflict declaration: nothing has been declared.

Mix Sustentavel | Floriandpolis | v.10 | n.1] p.151-160 | MAL | 2024



ARTIGOS

BUILDING OCCUPANCY & THERMAL PERFORMANCE:
A CASE STUDY IN DIFFERENT
CLIMATE ZONES IN BRAZIL

USO DE EDIFICACOES & CONFORTO TERMICO: ESTUDO DE CASO
EM DIFERENTES ZONAS BIOCLIMATICAS BRASILEIRAS

OCUPACION DE EDIFICIOS Y DESEMPENO TERMICO: UN ESTUDIO DE CASO
EN DIFERENTES ZONAS CLIMATICAS EN BRASIL.

PAULO EDUARDO MEZZOMO DA SILVA, Msc. | UNISINOS — Universidade do Vale do Rio dos Sinos, Brasil
ANDREA PARISI KERN, Dra.| UNISINOS — Universidade do Vale do Rio dos Sinos, Brasil
MARIA FERNANDA OLIVEIRA, Dra.| UNICAMP — Universidade Estadual de Campinas, Brasil

ABSTRACT

This study investigates the difference in buildings' thermal performance due to different parameters of home
permanence from those proposed by Thermal Standards in distinct climate zones. It is based on the changes in
the occupation of residential buildings in recent years, due to the greater flexibility of remote work, for instance.
Different scenarios were performed through the building design of single-family houses and 4-story multifamily
buildings, using as variables: the use of equipment, presence of people, windows opening, and four climate
zoning. The pattern of building use recommended by the Brazilian Standard regards only night residence occu-
pancy, while the study considers alternative scenarios by day and night occupancy. Results show that alternative
scenarios presented the lowest percentage of hours in the thermal comfort range and higher annual thermal
discomfort degrees-hours. Also, great differences are observed in results between cold and hot climates. Those
finds indicate the need for standards updates to match the reality of residential building uses and suggest that
design solutions should be climate-specific, aiming for greater thermal comfort for the user and, at the same
time, potentiating the energy efficiency of the building.

KEYWORDS

Thermal performance; building uses, building design thermal simulation.

RESUMO

Este trabalho investiga diferencas no conformto térmico de edificacdes devido a diferencas de uso em edificacées
residenciais (permancéncia de pessoas) aos padrées de uso previsto na norma brasileira de Conforto, consideran-
do diferentes zonas bioclimdticas. O trabalho se baseia na diferenca de ocupagdo das residéncias nos ultimos anos,
especialmente devido a maior flexibilidade e trabalho remoto, por exemplo. Diferentes cendrios foram simulados,
considerando um projeto arquiteténico de uma casa residencial e um edificio de 4 pavimentos, tendo também como
varidveis uso de equipamentos, presenca de moradores, janelas abertas e 4 zonas bioclimdticas. O padréo de uso pre-
conizado pela Norma Brasileira considera a presenca de pessoas nas residencias somente no turno da noite, enquanto
este estudo investiga cendrios alternativos, com ocupagdo das residéncias noite e dia. Os resultados mostram que os
cendrios alternativos apresentam menores percentuais anuais de horas na faixa de conforto térmico e maiores horas-
graus em desconforto. Também aponta diferen¢as nos resultados entre as zonas de climas frio e quentes. Os resultados

O

http://dx.doi.org/10.29183/2447-3073.MI1X2024.v10.n1.161-172
ISSN: 2447-0899 (IMPRESSA) | 2447-3073 (ONLINE) Mix Sustentavel | Floriandpolis | v.10 | n.1] p.161-172 | MAI. | 2024



Building Occupancy & Thermal Performance: A case study in different climate zones in Brazil. P. E. M. Silva; A. P. Kern; M. F. Oliveira;
https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.161-172

sugerem a necessidade de atualizacédo da normatizacédo para adequacgéo d novas realidades de ocupagdo residencial
e sugerem que as definicées de projeto devem ser especificas para cada clima a fim de melhorar o conforto térmico
das residéncias e ao mesmo tempo potencializar a eficiéncia energéticas das edificacées.

PALAVRAS-CHAVE

Conforto térmico, uso de edificacées, simulagdo energética de projeto.

RESUMEN

Este trabajo investiga las diferencias en el confort térmico de los edificios debido a las variaciones en el uso en edifica-
ciones residenciales (permanencia de personas) con respecto a los estdndares de uso previstos en la norma brasileia
de Confort, considerando diferentes zonas bioclimdticas. El trabajo se basa en la variacién en la ocupacion de las
residencias en los ultimos anos, especialmente debido a una mayor flexibilidad y trabajo remoto, por ejemplo. Se sim-
ularon diferentes escenarios, considerando un proyecto arquitecténico de una casa residencial y un edificio de 4 plan-
tas, teniendo como variables el uso de equipos, la presencia de residentes, ventanas abiertas y 4 zonas bioclimdticas.
El estdndar de uso recomendado por la Norma Brasilefia considera la presencia de personas en las residencias solo du-
rante el turno nocturno, mientras que este estudio investiga escenarios alternativos, con ocupacion de las residencias
de dia y de noche. Los resultados muestran que los escenarios alternativos presentan menores porcentajes anuales
de horas dentro del rango de confort térmico y mayores horas-grado en incomodidad. También sefiala diferencias en
los resultados entre las zonas de climas frios y cdlidos. Los resultados sugieren la necesidad de actualizar la normativa
para adaptarse a las nuevas realidades de ocupacion residencial y sugieren que las definiciones de proyecto deben ser
especificas para cada clima con el fin de mejorar el confort térmico de las residencias y, al mismo tiempo, potenciar la
eficiencia energética de los edificios.

PALABRAS CLAVE

Desempeno térmico; usos de edificios, simulacién térmica del disefio de edificaciones.
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1. INTRODUCTION

Reducing energy and natural resource consumption is
on the discussion agenda in different countries, and the
construction sector plays an important role. Prakash et al.
(2021) argue that, over the past decade, a relevant energy
consumption increase has been observed due to develop-
ment and changes in living standards. McNeil et al. (2008)
point out a substantial change in energy consumption in
residential scenarios due to the greater ease of acquiring
individual air conditioners, for example.

The relationship between energy efficiency and buil-
ding thermal performance should be increasingly addres-
sed, aiming to reduce buildings' thermal loads to minimi-
ze energy consumption. (Ling-Chin et al., 2019; Qiao and
Liu, 2020). According to Varela Lujan et al. (2019), imple-
menting energy-saving strategies is the current imperati-
ve to reduce energy consumption in the building sector.

However, studying building thermal performance is
complex. Many issues must be considered and updated
when establishing standards and parameters, such as cli-
mate change, construction systems, specific climate crite-
ria (zone, humidity), and user behavior.

As Garay et al. (2022) indicated, the climate change
phenomenon highlights the need for public policies to
ensure minimum thermal comfort parameters. Therefore,
climate changeis a significant issue and affects our overall
well-being, specifically thermal comfort. In this context,
policies formulated by the government or other relevant
institutions should address the impact of climate change
by establishing and enforcing standards or guidelines to
ensure that people have a certain level of thermal comfort
consistent with the changing climate conditions. These
policies may include measures such as improving buil-
ding insulation, implementing energy-efficient heating
and cooling systems, or developing urban planning stra-
tegies that mitigate the effects of extreme temperatures.

Many studies have been investigating construction
systems, new materials, and elements to improve the
thermal performance of the building, aiming to reduce
the energy consumption for new construction or even to
adapt existing buildings, envelopes, and facades in diffe-
rent contexts and cities (Barbaresi et al., 2020; Varela Lujan
etal., 2019, Rathore et al., 2022).

However, how buildings are operationalized by their
users is an essential and complex variable in the building's
thermal performance and deserves special attention
(DeKay and Brown, 2014; Li et al.,2020).

Predicting users' use and operational behavior is

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.161-172

challenging because it is strongly linked to users' habits
and involves greater diversity, especially in the residential
segment (Balvedi et al., 2018; Mahdavi, 2011). For exam-
ple, using natural ventilation by window opening is rare
in most centrally air-conditioned buildings, typically com-
mercial ones, contrary to what happens in residential buil-
dings (Chen et al., 2021; DeKay and Brown, 2014)

Passive or active measures may address the thermal
performance of residential buildings. The first approach
involves implementing passive measures, which focus on
improving the building's envelope (the structure's outer
shell) through design choices and materials. These mea-
sures aim to reduce heat transfer and maintain comfor-
table conditions inside the building without relying he-
avily on active systems. The second approach involves
using active systems, such as air conditioning or heating
systems, to regulate and control the indoor temperature.
These systems can maintain a constant temperature wi-
thin the building for extended periods, regardless of the
external climate conditions. Active measures provide an
advantage over passive ones because they provide grea-
ter indoor environment control (Garay et al., 2022)

However, Li et al. (2020) report that when dissatisfied
with the ambient temperature and/or shading of the
windows, the user intervenes with manual adjustments,
which must be incorporated into the concept of user-cen-
tered buildings. This manual tuning of automated condi-
tions reflects the need to understand specific aspects of
user behavior, and such interventions and manual adjust-
ments in controlled systems are not necessarily compen-
satory for the energy efficiency of buildings (Ding et al.,
2021)

A widely used way to analyze the thermal perfor-
mance of a building is through simulation software, thus
being an analytical tool through which decision-makers
can gain insight into complex phenomena. Specific sof-
tware predicts buildings' thermal performance through
digitally modeled design simulations based on methods
prescribed by standards, usually regarding different va-
riables, mainly related to the building (size, construction
materials, and system), the location and climate, and the
use of the building (occupant habits).

The thermal analysis must consider occupancy and
user behavior, not only by the presence of people — who-
se occupation generates sensible and latent heat - but
also by their actions (Sorgato et al., 2016). For example,
the decision to open or close windows or turn on the air
conditioning equipment (Balvedi et al., 2018; Sorgato et
al., 2016). The effects of an occupant are classified into

Mix Sustentavel | Floriandpolis | v.10 | n.1| p.161-172 | MAL. | 2024




Building Occupancy & Thermal Performance: A case study in different climate zones in Brazil. P. E. M. Silva; A. P. Kern; M. F. Oliveira;

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.161-172

three main categories: occupancy, interactions, and beha-
vioral efficiency (Mahdavi, 2011). The occupancy is related
to arrivals, departures, permanence duration, and num-
ber of occupants. As an interaction, the authors point out
air conditioning, lighting, electrical appliances, and win-
dows opening. Behavioral efficiency is about the people's
education and conscience approaches.

The usual simulation methods follow static models,
adopting standardized cultural and local configurations.
However, usage follows stochastic models with no repeti-
tive pattern. Several studies show the need to update the
thermal performance methods in the Brazilian context,
where this study was performed. In common, researchers
claim that Brazilian standard methods do not adequately
represent the thermal behavior of buildings within their
climatic context, and they highlight the lack of simulation
use and operation parameters and variables, which have
a high influence on the analyses (Mazzaferro et al., 2020;
Melo et al., 2014; Oliveira et al., 2017).

In Brazil, thermal comfort parameters for internal spa-
ces are set by Regulatory Norm NR 17 - Ergonomics and
NBR 16401 Brazilian Standard. Both limit thermal comfort
conditions to commercial environments with restricted
temperature and air velocity ranges. Therefore, the ther-
mal comfort assessment in indoor environments is mainly
carried out according to the American Standard ASHRAE
55 (Thermal environmental conditions for human occu-
pancy, last revision - 2017), which deals only with ther-
mal environmental conditions for human occupancy
(Lamberts et al., 2021)

However, it is essential to consider that simulation in-
formation cannot always express results from reality. For
example, Zou et al. (2019) found that the actual energy
consumption can be twice to five times higher than pre-
dicted by the simulation models. The difference between
the expected energy consumption in the design stage
and the energy consumption in the post-occupancy pha-
se (called the performance gap) has a significant financial
and environmental impact. Thus, special attention is ne-
eded to the parameters used in the thermal performance
simulations to represent the occupancy phase of the buil-
dings better.

In this context, this study focuses on the perception of
changes in the occupation of residential buildings in very
recent years. Before 2020, it was reasonable to assume a
precise scenario of most residential buildings being gene-
rally occupied at night while commercial buildings were
occupied during the day. However, the current scenario
considerably changed due to the COVID-19 pandemic and
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social isolation. Following Pacini et al. (2023), during pan-
demic isolation, the home office practice growth is equi-
valent to 30 years of pre-pandemic home office growth.
For instance, energy consumption in Norway apartments
increased by up to 27% during social isolation because
of remote work (Ding et al., 2021). In the post-pandemic,
the expectation of a drastic reduction of home office did
not occur in some sectors, especially in the upper clas-
ses of society. The study by FGV's Brazilian Institute of
Economics (IBRE) shows that the home office practice has
grown, with the expectation of continuing to grow (Pacini
et al., 2023).

Therefore, changes in the way of life that affect the
occupancy of buildings must be considered when esta-
blishing thermal comfort parameters because the de-
mand for equipment and energy consumption tends to
follow the activities of the people who use a particular
space (DeKay and Brown, 2014).

This study investigates the difference in thermal per-
formance of buildings through context simulation that
adopts the pattern of building use recommended by the
Brazilian Standard compared to alternative contexts re-
garding day and night occupancy and different windows
opening.

2. RESEARCH METHOD

The investigation consisted of the simulation of the
residential design, considering four cities from diffe-
rent Brazilian climate zones. The study was conduc-
ted through simulation, adopting the Energy Plus
software, version 9.3. EnergyPlus is a free computer
program distributed by the US Department of Energy,
widely used by engineers, architects, and
chers to model the energy performance of a building.

resear-

2.1 Variables

The studies were conducted through simulations, consi-
dering the main variables in Brazilian social housing. In
this work were considered:

a) Residential building design: can determine the en-
velope's exposure level to weather and climate variations
and the heat storage capacity.

b) Climate zoning: identifies the level of exposure to
different regional climatic realities.

¢) Building use: considers the thermal load determined
by the length of stay of users in the rooms of prolonged
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stay in the house, in addition to the metabolic rate of
users, lighting systems, and equipment.

d) Natural ventilation: considers the influence of win-
dow opening and closing operations during the day.

2.1.1 Buildings design type: Single-family
house and multifamily building

Two types of residential buildings adopted in social
housing in Brazil were investigated. The housing pro-
grams of the Brazilian government indicate some types
of construction, which basically should be buildings, iso-
lated houses, or semi-detached houses. This study con-
siders a single-family residence in a detached house (H),
with an area of 40m? and the other is a multifamily four
floors apartment building (B), with a 38m? area for each
housing unit. (Figure 1).

Both buildings' architectural program comprises a li-
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Figure 01: Single-family house (H) and multifamily building (B) .

ving room, kitchen, bathroom, and two bedrooms, con-
sidering a four people family as a typical user. Also, the
construction system is structural masonry with ceramic
blocks (19cm), plaster, and cement mortar as internal and
external coatings for both. Table 1 presents the thermal
characteristics of the external walls construction system
wall, based on the Brazilian standard NBR ISO 10456.
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Table 01: External walls construction system Thermal characteristics.

It was considered a roof with a concrete slab (10cm) and
fiber cement tiles (0.6cm), doors made of wood (3cm), and
windows with clear float glass (0.4cm). The external walls'
color absorbs solar radiation (a) of 0.58. The float glass:
Ts - Solar Transmittance = 0,847; RFS - Solar Reflectance
= 0.078; Tv - Visible Transmittance = 0.902; RVF - Visible
Reflectance = 0.081; Tir - Infrared Transmittance = 0; &f -
Infrared Hemispherical Emissivity = 0.84.

2.1.2 Climate zoning: Z1, Z3, Z7, and Z8

The Brazilian Bioclimatic Zoning is the result of cros-
sing data such as: parameters of human thermal comfort,
climatic data, constructive strategies, and passive thermal
conditioning, with the objective of establishing criteria to
provide thermal comfort in residential buildings.

Currently, there are 8 climate zones, with zone 1 being
the one that groups the coldest regions and zone 8 with
the regions identified as warmer. Although these diffe-
rences expressed in the characterization of the climatic
zones have the objective of considering the climatic di-
versity of Brazil, it is still possible to find the same building
project in regions with different climatic characteristics.
Unfortunately, there is still a standardization in architec-
tural design that, to provide thermal comfort, requires
the use of active thermal conditioning (air conditioning
systems, humidifiers, dehumidifiers, etc.).

The simulations were performed considering four
Brazilian cities representing different climatic zones (2):
Curitiba, climate zone 1 (Z1); Porto Alegre, climate zone
3 (Z3); Cuiaba, climate zone 7 (Z7); and Manaus, climate
zone 8 (Z8). Table 2 shows the location of the cities, the
annual average temperature (dry bulb) (TBSm °C), and the
interval considered as the thermal comfort criterion ran-
ge for each one by Brazilian standard.

As shown in Table 2, Zones 1 and 3 are classified as
Subtropical Climate, while Zones 7 and 8 as Tropical
Climate. For Zones 1 and 3, the criterion for defining ther-
mal comfort is the same, with internal temperatures that
can vary between 16 °C and 28 °C, despite representing
cities with different average annual temperatures. On the
other hand, differences in annual temperature averages
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are considered for cities in Zones 7 and 8 through diffe-
rent criteria. Thus, for the city of Cuiaba, located in Zone
7, the criterion that defines thermal comfort is a tempe-
rature equal to or less than 28 °C, while for Manaus, ther-
mal comfort is indicated for a temperature equal to or less
than 30 °C.

) Annual Th":‘“:ll
Gty | Co® | climate | Svetge | crierion
") *C)
Manaus it ] Tropical 27.3 TC =30
Cuiabd ) Tropical 26.3 TC=28
Curiliba Z1 Sublropical 17.4 16=TC =28
Porlo Alegre Z3 Sublroplcal 200 . 16=TC =28

Table 02: Brazilian cities used in this study, their climate, and Thermal Confort (TC) Criterion.

2.1.3 Building use: permanence
in extended-stay rooms

The variables related to the use and operation refer to the
permanence of the occupants in the extended-stay rooms
(bedrooms and living room). The study considered the
building use parameters recommended by the Brazilian
standard NBR 15575-1 , called "Standard Use." Which
considers that occupants of residential buildings remain
at home at night (from 6 PM to 6 AM). The investigation
proposes an alternative scenario that regards occupants
staying home during night and day, called "Night and Day
Use". Table 3 and 4 show the heat sources of presence of
people, lighting, and equipment for one day long (24h) in
the two studied scenarios.

Table 5 shows the heat sources (generated by the oc-
cupants, lighting systems, and equipment) based on NBR
15575-1 . For the bedroom environment, the main activity
considered was rest and sleep, which are activities of low
metabolic rate and consequently low thermal load. For
the modeling of the living room, the metabolic rate adop-
ted refers to the activity of watching TV sitting down, with
the thermal load of the TV turned on also being conside-
red during the users' occupancy. For the bedroom envi-
ronment, the main activity considered were resting and
sleeping, both activities of low metabolic rate and con-
sequently low thermal load. In the modeling of the living
room, the metabolic rate adopted refers to the activity of
watching TV sitting down, with the thermal load of the
TV turned on also being considered during the users'
occupancy.
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Table 03: The daily presence of people, lightning, and equipment (%) of buildings in
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Table 04: The daily presence of people, lightning, and equipment (%) of buildings in
“Standard” use scenario.
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Table 05: Heat sources considered in the parameters of use.

2.1.4 Natural ventilation
The single-family house (H) and the multifamily building
(B) were simulated regarding two natural ventilations, cal-
led "Selective Ventilation” (following standard patterns)
and “Daytime Ventilation" (alternative patterns).
“Selective Ventilation” regards windows opening by
the users, following the parameters of Brazilian standard
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NBR 15571-1  when: (1) occupying bedrooms or living
rooms; (2) indoor temperature equal to or greater than
19°C; and (3) indoor temperature greater than the outdo-
or temperature. In addition, bathroom windows are con-
sidered open, and internal doors are kept open, except
for external doors and bathroom doors, which are per-
manently closed. In "Daytime Ventilation" scenarios, the
windows opening occurs during the day, regardless of the
presence of people or the indoor or outdoor temperature.

2.2 Simulations

The analysis of results considered the entire annual pe-
riod, regarding two measurements: percentage of hours
occupied within thermal comfort temperature range; and
discomfort degrees-hour for cooling and heating out of
thermal comfort range. The thermal performance of na-
turally ventilated buildings is done by analyzing the num-
ber of hours of discomfort and number of degree-hours
of discomfort, calculated from the total hours of the year
in which the internal temperatures of the rooms exceed
the limits established as comfortable.

To verify the influence of occupancy patterns on the
thermal performance of buildings, we started with three
types of occupancy defined according to occupancy
patterns. The first refers to the standard occupancy; the
second the thermal load variation resulting from the pre-
sence of users, and the third considers variation the win-
dow opening and closing operations. Figure 2 represents
the variables considered to investigate different scenarios
of thermal performance through design simulation.

Thus, the time that windows are open is considered
as the main variable, which can be: "Standard Use" with
"Selective Ventilation", consisting of 8h for the bedrooms
and 2h the living rooms; "Night and Day" with "Selective
Ventilation", consisting of 24h for the bedrooms and
14h the living rooms; "Night and Day" with "Daytime
Ventilation", consisting of all windows open during the
day for 10 consecutive hours.
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Figure 2: Thermal performance simulation variables and scenarios.

In total, 24 scenarios were performed considering the
variables shown in Figure 2, allowing the comparison of
the thermal performance of houses and buildings accor-
ding to the patterns established by NBR 15220/2005 with
alternative usage patterns, considering 4 Brazilian biocli-
matic zones.

3. RESULTS

The results are presented in terms of the percentage of
annual hours in thermal comfort and the discomfort de-
gree-hours for cooling and heating. Figure 3 shows the
percentage of hours per year within the thermal comfort
due to temperature limits for a single-family house and
multifamily building. In both buildings, the thermal per-
formance considering Brazilian Standard patterns of use
and ventilation, called "Standard Use" (SU), is compared
with the thermal performance of alternatives buildings'
use and ventilation, "Night and Day Use" with "Selective
Ventilation" (ND SV) and "Daytime Ventilation" (ND DV).

In the buildings, the alternative uses presented a lower
percentage of hours in thermal comfort than the standard
use for zones 3, 7, and 8. In the building models genera-
ted for the coldest Brazilian climate zone, "Night and Day"
use with "Selective Ventilation" presented higher hours in
thermal comfort.

The models generated for single-family houses
showed differences depending on the climatic characte-
ristics of the analyzed cities. In cities with a warmer cli-
mate, located in climate zones 7 and 8, "Standard Use,"
a few hours with natural ventilation, presented a higher
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percentage of hours in thermal comfort than models with
“Night and Day" use. In the coldest Brazilian climate zo-
nes 1 and 3, the highest percentage of hours in thermal
comfort in the houses occurred with opening and closing
windows for natural ventilation. In this sense, the greater
area of exposure to the sun on the external walls may
have helped to reach more suitable temperatures, as well
as opening the windows at certain times can allow the en-
try of warmer air.

These results indicate that the presence of people at
home during the day decreases the time within the su-
pposed thermal comfort zone, especially in hot climates,
as in zones 8 and 7. The only exception, where the alter-
native scenario showed the best results from the standard
use and ventilation, was in the house simulation in zone 1
(cold climate). Results also show that the difference in the
ventilation (when comparing "night and day use - selec-
tive ventilation with "night and day use — daytime ventila-
tion) is less perceived in hot climates than in cold climates.
Moreover, the thermal performance was very similar in
single-family and multifamily buildings. However, in zone
1 and 3, the kind of ventilation showed inverse behavior:
in the multifamily building, daytime ventilation showed
the best result than selective ventilation.

(|
2
A
11 ﬁ
: 23 _ae
) A A Mil'.'- s TC %
TC £30"L < PR
i} A B ¥} 3

& Standard | t

& Might and Day Use - Daytime ventilat]

Figure 3: Percentage of annual hours in thermal comfort (TC).

Results of annual thermal discomfort (Figure 4) in zo-
nes 1 and 3 are the sum of degrees-hours in discomfort
due to cold and heat (TD due to heat + TD due to cold),
while results of annual thermal discomfort in zones 7 and
8 are only due to heat.

The annual thermal discomfort from Figure 4 in-
dicates a greater difference among the studied va-
riables. However, it is observed very similar behavior
when comparing the standard parameters between the
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single-family house and multifamily building.

When simulating the alternative’s parameters, the pre-
sence of the people during the day showed a considerab-
le increase in the thermal discomfort indicator, especially
in zone 7. There are also behavioral differences between
the two cities from cold and hot climates and between
the two types of buildings.

In zone 1, all scenarios showed greater thermal dis-
comfort due to cold, while in zone 3, the thermal discom-
fort is mainly due to heat. In both zones, daytime ventila-
tion led to higher indicators of thermal discomfort in the
multifamily building.

o E
@ &8 80 3 [gE
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Figure 4: Annual Degrees-hours (°C) in thermal discomfort (TD)

Simulations in Zone 7 indicate the highest thermal
discomfort in all scenarios. The alternative parameters of
building use showed an increase in annual discomfort by
up to 4 times compared to the parameters predicted in
the Brazilian standard. Scenarios from Zone 8 presents si-
milar results to zones 1 and 7 when the standard parame-
ters are considered. The variables proposed for use show
an annual increase in thermal comfort of up to 5 times.

4. FINAL DISCUSSION

The consideration of the occupation of houses during
daytime periods, different from the pattern predicted by
the Brazilian standard, showed a decrease in the percen-
tage of hours in thermal comfort and higher degrees hour
in discomfort in the scenarios in a zone with the highest
annual temperature. Comfort indicators in the multifa-
mily building scenarios were lower than the single-family
house, indicating a loss of thermal performance in the
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case of multifamily buildings, with an exception for the
"Standard Use" scenarios in Zone 8.

The four facades of the single-family house having
windows or doors allow cross ventilation, which may have
influenced the results. Except for Zone 8, results regarding
standard use show better thermal comfort in single-fa-
mily house scenarios than the alternative uses (selective
ventilation). In the context of the multifamily building, re-
sults from standard use with selective ventilation presen-
ted high variations compared to the alternative uses sce-
narios. The analysis of daytime ventilation results showed
higher variation than selective ventilation in single-family
houses and multifamily buildings. In these cases, the in-
crease in air exchange was also possible because of the air
inlet and outlet on the four facades.

Except for the "Standard Use" in Zone 8, the degrees
hour in discomfort due to the heat of the other scenarios
were higher in the simulations with the multifamily buil-
ding than those with the single-family house. The cold
indicators were lower, suggesting internal temperatures
were higher annually.

In Zones 1 and 3, "Night and Day Use" scenarios
showed higher thermal discomfort due to heat than in
'Standard Use" in Zones 7 and 8, 4 to 5 times higher.

The more significant thermal discomfort in scenarios'
Day and Night Use" can be explained due to the intensive
exposure of the user to indoor temperatures during the
daytime. Those results suggest that the factors contribu-
ting to the variation of the values of the thermal discom-
fort are internal heat gains in colder zones (Zones 1 and 3)
and, in warmer zones (Zones 7 and 8), the user exposure
to residential environments.

"Daytime Ventilation" presented losses in thermal per-
formance (indicated by lowest hours in comfort %) in si-
mulations in Zones 1 and 3 and gains in Zones 7 and 8, in
comparison with results from "Selective Ventilation" ba-
sed on NBR 15575-1 (ABNT, 2021).

This behavior occurs due to climatic differences, as-
suming that 'Daytime Ventilation" causes greater air ex-
changes. Consequently, there is a reduction in internal
temperatures, influencing the increase in discomfort due
to cold in zones 1 and 3 and the reduction in discomfort
due to heat in all zones. Furthermore, this behavior ex-
plains why thermal comfort improves in warmer climate
conditions (Zones 7 and 8), with degree-hour discomfort
only for heat.

Building use and operation showed more than 15%
variation in thermal comfort (hours%) and more than
300% in thermal discomfort. Thus, a significant influence
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of users on the thermal behavior of buildings is observed,
therefore, on their thermal comfort, as highlighted by
(Balvedi et al., 2018; Ding et al., 2021).

Results showed that the prolonged use of the resi-
dences, which occurs in scenarios of "night and day use,"
tends to increase the internal temperatures (internal heat
gains). Thus, in zones with colder climates, such as Zone
1 and Zone 3, this behavior was generally satisfactory in
thermal performance, reaching a 7.9% increase in thermal
comfort compared to standard use. These results are si-
milar to those (Eli, 2020), which observed higher cooling
thermal loads in scenarios with a prolonged occupation
and lowered in scenarios with a predominantly nocturnal
occupation pattern.

In colder zones, natural daytime ventilation showed
a reduced thermal performance related to the increased
thermal discomfort due to cold. In zones with a warmer
climate, there was a tendency to increase thermal com-
fort and decrease thermal discomfort. In Zone 7 (the city
of Cuiaba, with a hot and dry climate), there were different
results comparing the single-family house and the mul-
tifamily building. The single-family showed greater ther-
mal performance than the multifamily building. In Zone 8
(city of Manaus - hot and humid climate), thermal perfor-
mance increased in all scenarios.

Those results demonstrate the vital role of users in
building operations and occupation, significantly altering
the conditions of comfort and thermal performance ba-
sed on their habits. So, the building use should be dee-
ply studied when possible since it can be used in favor of
thermal performance and energy efficiency (Balvedi et al.,
2018; DeKay and Brown, 2014; Ding et al., 2021).

Furthermore, the effects of the occupation of users on
building thermal performance must be increasingly stu-
died to reproduce the influence of different scenarios of
users' behavior in building simulations coherently. Those
studies may even consider a possible growing number of
people working from home due to the changes in work
relationships caused by isolation during the Covid 19 pan-
demic, creating a scenario closer to the alternative called
"Night and Day" than the night stay scenario provided for
by the standard ("Standard Use").

5. CONCLUSIONS

Scenarios with alternative parameters building use show
different thermal behavior from those with parameters
prescribed by the Brazilian Standard. The variation was
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more than 15% fewer hours (%) in thermal comfort (hou-
rs%) and more than 300% in degrees hours (°C) in ther-
mal discomfort in scenarios considering people staying at
home during the day and night with windows opening.
Also, results differed from results in the cities with the
highest and lowest average annual temperature among
those studied.

Considering that the alternative scenarios with people
staying at home can be assumed to be more like what
has been happening because of current work models,
with a tendency to remain or increase in the future, the-
se findings reinforce the need to update the parameters
recommended by the thermal performance standards for
residential buildings, as pointed out by the bibliography
(Lamberts et al., 2021; Oliveira et al., 2017; Prakash et al.,
2021). Engineers and architects may also consider results
from this study in the search for design strategies aimed
at choices and definitions that can increase the thermal
performance of the building according to the climate
zone in which the building will be built.
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RESUMO

O estudo do consumo sustentavel na sociedade atual é de suma importancia para a melhora na qualidade de
vida e para a sobrevivéncia das geracdes futuras. Neste sentido, o presente estudo visa abordar como a legislagao
de protecdo ao consumidor, no caso, o Cédigo de Defesa do Consumidor Lei n° 8078/1990, e a legislacdo sobre a
Politica Nacional dos Residuos Sélidos, Lei n° 12.305/2010, contemplam formas e dispositivos capazes de promo-
ver a protecao ambiental por meio do chamado consumo sustentdvel, a logistica reversa dos residuos sélidos,
bem como o Decreto n° 31513/2.013 que aprova o Plano de Gestao Integrada dos Residuos Sélidos de Guarulhos,
pode propor uma solucao pratica da Logistica Reversa, em especial no Municipio de Guarulhos. Nessa esteira,

através de pesquisa bibliografica, realiza-se um estudo teérico e com andlise de dados secundarios, retirados do
site da CETESB e SEADE, sobre producéo de residuos sélidos urbanos e crescimento populacional de Guarulhos,
respectivamente. Inicialmente foi abordada a origem e finalidade do direito brasileiro do consumidor, seu con-
ceito juridico fundamental, bem com os direitos basicos do consumidor. Em seguida, aludiu-se a tematica da pre-
visdo normativa da questdo ambiental em determinadas normas juridicas do Cédigo de Defesa do Consumidor.
Na sequéncia, realizou-se um estudo sobre o vinculo entre a Politica Nacional de Residuos Sélidos e o Direito do
Consumidor. Ao final, apresenta-se uma visdo panoramica sobre a destinacdo de residuos sélidos no Municipio
de Guarulhos, propondo-se como solucdo a pratica da Logistica Reversa, em especial no Municipio.

PALAVRAS-CHAVE

Cdédigo de Defesa do Consumidor; Consumo Sustentavel; Direito Ambiental; Logistica Reversa.

ABSTRACT

The study of sustainable consumption in today's society is of paramount importance for improving the quality of life
and for the survival of future generations. In this sense, the present study aims to address how consumer protection
legislation, in this case, the Consumer Protection Code Law n° 8078/1990, and the legislation on the National Solid
Waste Policy, Law n° 12.305/2010, contemplate ways and devices capable of promoting environmental protection
through the so-called sustainable consumption, reverse logistics of solid waste, as well as Decree No. Reverse, espe-
cially in the Municipality of Guarulhos. In this vein, through bibliographic research, a theoretical study is carried out

O
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with the analysis of secondary data, taken from the CETESB and SEADE websites, on urban solid waste production and
population growth in Guarulhos, respectively. Initially, the origin and purpose of Brazilian consumer law, its funda-
mental legal concept, as well as basic consumer rights were addressed. Then, the theme of the normative forecast of
the environmental issue was mentioned in certain legal norms of the Consumer Defense Code. Subsequently, a study
was carried out on the link between the National Solid Waste Policy and Consumer Law. At the end, a panoramic view
is presented on the destination of solid waste in the Municipality of Guarulhos, proposing as a solution the practice of
Reverse Logistics, especially in the Municipality.

KEYWORDS

Consumer Protection Code; Sustainable Consumption; Environmental Law; Reverse Logistic.

RESUMEN

El estudio del consumo sostenible en la sociedad actual es de suma importancia para mejorar la calidad de vida y
asegurar la supervivencia de las generaciones futuras. En este sentido, el presente estudio tiene como objetivo abordar
cémo la legislacién de proteccion al consumidor, en este caso, el Cédigo de Defensa del Consumidor Ley n° 8078/1990,
y la legislacion sobre la Politica Nacional de Residuos Sélidos, Ley n° 12.305/2010, contemplan formas y dispositivos
capaces de promover la proteccion ambiental a través del denominado consumo sostenible, la logistica inversa de
los residuos sélidos, asi como el Decreto n° 31513/2.013 que aprueba el Plan de Gestion Integrada de Residuos Sélidos
de Guarulhos, puede proponer una solucién prdctica para la Logistica Inversa, especialmente en el Municipio de
Guarulhos. En este sentido, a través de la investigacion bibliogrdfica, se lleva a cabo un estudio tedrico y un andlisis de
datos secundarios, obtenidos del sitio web de la CETESB y SEADE, sobre la produccion de residuos sélidos urbanos y el
crecimiento poblacional de Guarulhos, respectivamente. Inicialmente se aborda el origen y el propdsito del derecho
brasilefio del consumidor, su concepto juridico fundamental, asi como los derechos bdsicos del consumidor. A continu-
acion, se hace referencia a la temdtica de la prevision normativa de la cuestion ambiental en ciertas normas juridi-
cas del Cédigo de Defensa del Consumidor. Posteriormente, se realiza un estudio sobre la conexion entre la Politica
Nacional de Residuos Sélidos y el Derecho del Consumidor. Finalmente, se presenta una vision panordmica sobre la
disposicion de residuos sélidos en el Municipio de Guarulhos, proponiendo como solucién la prdctica de la Logistica
Inversa, especialmente en el Municipio.

PALABRAS CLAVE

Cddigo de Proteccion al Consumidor; Consumo Sostenible; Derecho Ambiental; Logistica Inversa.
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1. INTRODUCAO

O consumo sustentavel foi incluido como parte de um
dos 17 Objetivos de Desenvolvimento Sustentavel (ODS)
elaborados pela associacdo das na¢des Unidas (ONU) em
2015 (ARAUJO ET AL., 2021). Os recursos naturais sao abun-
dantemente aplicados para atender as necessidades hu-
manos, tornando necessdria uma revisao do conceito de
desenvolvimento (FREITAS, BULBOVAS e ARRUDA, 2021).
O estudo do consumo sustentavel na sociedade atual é
fundamental para a melhora na qualidade de vida e para
a sobrevivéncia das geragdes futuras, considerando que
com o aumento da sociedade de consumo, que ensejou
aumento da qualidade de vida, criagdo de empregos, no-
vas técnicas de producdo e comercializagdo, surgiu um
avanco desenfreado de producao, necessitando de previ-
sdes normativas da questdo ambiental em determinadas
normas juridicas, incentivando praticas educativas aos
consumidores voltada a preservacdo ambiental, confor-
me previsto no art. 6°, inciso I, da Lei n°.12.305, de 02 de
Agosto de 2.010 (BRASIL, 2010).

Nao se pode esquecer que a defesa do meio ambiente
e do consumidor, sdo reconhecidos como novos direitos,
em um panorama histérico. Possuem pautas comuns, a
serem protegidas mediante atuacgao estatal, haja vista sua
dimensao coletiva, de modo que por diversas vezes inci-
dem ao mesmo tempo as normas de protecao ao direito
do ambiental e do consumidor. A criacdo de uma cultura
de consumo sustentdvel passa necessariamente pela pro-
tecdo dos direitos do consumidor, como o direito a infor-
macdo e a liberdade de escolha, como garantias impor-
tantes para o desenvolvimento sustentavel (HOLANDA e
FREITAS, 2020)

Compeatibilizar a protecdo ambiental com o consumis-
mo desenfreado que enseja um descarte equivocado dos
residuos sélidos, que o consumo sustentavel por meio da
logistica reversa surge como possibilidade de colocar o
consumidor como ator principal na preservagao ambien-
tal, a luz da Politica Nacional dos Residuos Sdlidos, Lei n°
12.305/2010 (BRASIL, 2010). Palombini e Cidade (2022)
afirmam se os residuos forem devidamente separados e
tiverem interesse comercial, podem ser reciclados; caso
contrério, sdo desperdicados, causando problemas am-
bientais, econdmicos e sociais.

A gestao de residuos solidos municipais faz parte da
estratégia de desenvolvimento sustentavel e, deve ser ra-
cional em termos de recursos naturais, reduzir os residuos
gerados e minimizar os riscos associados ao seu descarte
(SIMAO, NEBRA E SANTANA, 2021).
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O Municipio de Guarulhos, visando a preservacdo
ambiental, instituiu o Decreto n° 31513, de 26 de dezem-
bro de 2013 (GUARULHOS, 2013), inclusive apresentando
Plano de Gestdo Integrada dos Residuos Soélidos no mu-
nicipio, com definicdo da estratégia de universalizacao da
prestacdo dos servicos com ag¢des preventivas e correti-
vas das atividades; definicdo da responsabilidade com-
partilhada para a gestao dos residuos publicos e privados,
implantacdo da logistica reversa, da educacdo ambien-
tal e do controle social com aumento das parcerias com
agentes sociais e econdmicos envolvidos no ciclo de vida
dos materiais; a incorporagao de alternativas tecnolégicas
apropriadas a destinacao dos diversos tipos de residuos e
a priorizagao da inclusao social e econdémica dos catado-
res de materiais reciclaveis.

Deu-se especial atencdo ha ndo geragao dos residu-
0s, sua reducdo, reutilizacdo, reciclagem, o tratamento
e a disposicdo ambientalmente adequados dos rejeitos.
Freitas e Dalmas (2021) afirmam que a reciclagem de resi-
duos é uma agao que mitiga os danos ambientais e contri-
bui para a preservacdo do meio ambiente.

Dessarte, este estudo visa abordar como a legisla-
¢ao de protecao ao consumidor, no caso, o Codigo de
Defesa do Consumidor Lei n° 8078/1990 (BRASIL, 1990),
a lei a legislacdo sobre a Politica Nacional dos Residuos
Sélidos, Lei n° 12.305/2010 (BRASIL, 2010) e o Plano de
Gestao Integrada dos Residuos Sélidos de Guarulhos, que
foi instituido pelo Decreto n° 31513, de 26 de dezembro
de 2.013 (GUARULHOS, 2013), contemplam formas e dis-
positivos capazes de promover a protecdo ambiental por
meio do chamado consumo sustentavel, bem como pela
logistica reversa dos residuos solidos, demonstrando a
importancia da cooperagdo entre o Estado, fornecedor
e o consumidor. Desta forma é necessario é esclarecer o
papel dos consumidores, apresentando seus direitos e
deveres, como atores na preservacdo do meio ambiente,
a luz da Politica Nacional dos Residuos Sélidos, apresen-
tando uma visao panoramica do vinculo do Direito do
Consumidor e o Direito Ambiental, bem como, apontan-
do uma analise critica sobre o Plano de Gestao Integrada
dos Residuos Sélidos do Municipio de Guarulhos.
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2.REVISAO BIBLIOGRAFICA

2.1 Relagdao Direito ambiental e Direito do
Consumidor

Diante do tema a ser estudado, qual seja o direito do con-
sumidor e direito ambiental - a luz da Politica Nacional
dos Residuos Sélidos - todo o referencial tedrico se en-
contra baseado nas duas maiores leis que regem tais di-
reitos, o Cédigo de Defesa do Consumidor, Lei n° 8.078/90
(BRASIL, 1990) e a Lei n° 12.305, de 02 de agosto de 2.010
(BRASIL, 2010), que trata da Politica Nacional dos Residuos
Sélidos.

Cada vez mais se observa o aparecimento de fontes
juridicas ndo s6 em apenas e unicamente uma area do di-
reito (MARQUES, 2015). Nesse sentido, Jaime (2003) apon-
ta como caracteristica do direito na pés-modernidade a
velocidade, a ubiquidade, a liberdade e o pluralismo de
fontes, sendo este Ultimo o de maior importancia para o
presente titulo.

Diante da infindavel quantidade de fontes existentes
no ambito juridico pés-moderno, poderia se criar uma
confusao acerca de qual area caberia qual aplicacao;
Erik Jayme, jurista aleméo, criou a teoria do “didlogo das
fontes” (MARQUES, 2015) e é nesse diapasdo que ensina
Claudia Lima Marques o surgimento de uma necessaria
organizacao da legislacdo no mesmo ambiente para que
se consiga, efetivamente, alcancar a ideia sobre o que se
tem como justo e eficiente (MARQUES, 2012).

A defesa do consumidor e do meio ambiente se inse-
rem em um mesmo contexto histérico. Ambos sao repre-
sentativos do que se reconhece como novos direitos. Tém
em comum, portanto, o reconhecimento de novos inte-
resses juridicamente relevantes, a serem protegidos me-
diante atuacao estatal, tanto legislativa, quanto executiva.
Da mesma forma, possuem uma dimensao coletiva, em
que se encontram cada vez mais proximos, de modo que
em muitas situa¢des incidem ao mesmo tempo as normas
de protecdo ao consumidor e ao ambiente. (MIRAGEM,
2013).

A preservacdo do meio ambiente é um dos desafios
do direito contemporaneo, redimensionou o modo de
exame do proprio Direito, impondo a producao, aplicacdo
e efetividade das normas em geral a um novo paradigma
ambiental (LORENZETTI, 2011).

Conforme assevera MIRAGEM (2019), a deterioracdo
ambiental pode prejudicar ou afetar o consumo humano
de determinados bens. Porém nédo se desconhece tam-
bém situacées em que é o consumo humano a causa de
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degradacdo (MONTEIRO, 1998) e a necessidade de ter-se
em conta na regulacgéo juridica da producao e do con-
sumo, também o tratamento ou prevencao de danos ao
ambiente. Na Lei n° 6.938/81 (BRASIL, 1981), a prépria de-
finicdo legal de poluicdo compreende claro vinculo com
o interesse direto do consumidor ao referi-la como: “a de-
gradacdo da qualidade ambiental resultante de ativida-
des que direta ou indiretamente: a) prejudiquem a saude,
a seguranca e o bem-estar da populacao; b) criem condi-
¢6es adversas as atividades sociais e econdmicas [...]” (art.
39, 11l, alineas “a” e “b") (MIRAGEM, 2019).

Uma das questdes que aproximam na pratica a pro-
tecdo dos consumidores e do meio ambiente é a ade-
quada compreensao e aplicacdo do principio da pre-
caucdo. Foi consagrado na Declaragdo de principios da
Conferéncia das Nag¢ées Unidas sobre Meio Ambiente e
Desenvolvimento, realizada no Rio de Janeiro em 1992
que, em seu item 15, disp0s: “De modo a proteger o meio
ambiente, o principio da precaucao deve ser amplamente
observado pelos Estados, de acordo com as suas capaci-
dades. Quando houver ameaca de danos sérios ou irrever-
siveis, a auséncia de absoluta certeza cientifica ndo deve
ser utilizada como razao para postergar medidas eficazes
e economicamente vidveis para prevenir a degradacao
ambiental” (MIRAGEM, 2013).

Da mesma forma, conforme transcreve Machado
(2007), o Relatério da Comissdao Europeia sobre precau-
¢ao, de 2000, busca a afirmacao do principio nos seguin-
tes termos:

“a invocac¢do do principio da precaucdo é uma
decisao exercida quando a informacéo cientifica
é insuficiente, ndao conclusiva ou incerta e haja
indicacdes de que os possiveis efeitos sobre o
ambiente, a salde das pessoas ou dos animais
ou a protecdo vegetal possam ser potencial-
mente perigosos e incompativeis com o nivel de
protecao escolhido” (MACHADO, 2007)

2.2 Desenvolvimento Sustentavel

Estado, o consumidor e o fornecedor de servicos e produ-
tos, todos conjuntamente, de acordo com a Constituicao
Federal e com as mais diversas legislagdes infraconstitu-
cionais tem como fungao precipua, enquanto sujeitos da
sociedade, proteger o meio ambiente. Entretanto, muito
embora existam previsdes legais de incentivo a pratica de
consumo sustentdvel, esta enfrenta percalcos, em espe-
cial no que tange a compatibilizacdo entre a “nocdo de
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desenvolvimento dissociado da sustentabilidade ambien-
tal” (SOARES, 2005).

Como consequéncia das preocupagdes com o impac-
to ambiental da atividade econdmica e sua capacidade
de poluicao do meio ambiente, inclusive por intermédio
do aumento do consumo de bens oferecidos no mercado,
passaram a surgir iniciativas com o objetivo de controlar,
também, os efeitos posteriores ao consumo (MIRAGEM,
2013). Para tanto, defende-se a necessidade de moderni-
zacao estrutural do mercado visando a sustentabilidade
ambiental (NOBRE, 2002). Alids, é a sustentabilidade am-
biental tema para o qual convergem o sentido e alcance
das normas de protecdo do consumidor o do meio am-
biente (TRAJANO, 2011).

O desenvolvimento sustentdvel tem como objeto a
guarda dos recursos de producao e reproducédo dos se-
res humanos, refletindo-se, em verdade, no direito fun-
damental ao meio ambiente protegido. Busca garantir
uma agradavel relacdo entre os seres humanos e o meio
ambiente em que vivem de molde a assegurar uma vida
satisfatoria as futuras geragdes (FIORILLO, 2014).

Com o avanco populacional e econémico foi necessa-
rio que se objetivassem mecanismos que fossem capazes
de associar o desenvolvimento da economia com a pre-
servacdo da natureza de molde a ndo comprometer a vida
humana. E assim que nasce a ideia de um desenvolvimen-
to sustentavel que se preocupa com a saude da socieda-
de, objetivando e criando mecanismos para que se esta-
belecam politicas publicas capazes de tornar realidade o
uso dos recursos naturais de forma equilibrada. “Em ou-
tras palavras, para que o desenvolvimento seja sustenta-
vel, ndo basta que seja ecologicamente sustentavel; deve
visar igualmente as dimensdes sociais, econdmicas, politi-
cas e culturais do desenvolvimento (SILVA, 2002).

Na Constituicdo Federal de 1.988 (BRASIL, 1988), ob-
servando-se as passagens dos incisos do artigo 225 que
apresentam principios tais como a defesa do meio am-
biente, a erradicacao da pobreza, a reducao das desigual-
dades regionais e sociais, é que se verifica a presenca da
ideia de desenvolvimento sustentavel. Isto porque o re-
ferido dispositivo legal “discorre sobre o dever de todos
de protecao do meio ambiente para as geragcdes atuais e
futuras, o que é uma das finalidades do desenvolvimento
sustentavel” (PINTO, 2005).

De molde a corroborar o entendimento, ndo se pode
deixar de se considerar o disposto no artigo 170, inciso VI
da Carta Magna, o qual estabelece que a ordem econémi-
ca deve ser regida pelos parametros sociais no que tange,
principalmente, ao respeito da defesa do meio ambiente
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(NOLL, 2007).

Nao se desconhece que a atividade econémica impli-
ca, per se, impacto ambiental (MILARE, 2005). Nem é pos-
sivel pretender que por intermédio do direito se pretenda
assegurar a oferta de produtos e servicos eliminando-se
as consequéncias ambientais decorrente de sua produ-
¢do e, mesmo, do consumo. Contudo, deve-se reconhecer
como integrante da noc¢ao de qualidade de produtos e
servicos o atendimento a normas ambientais que buscam
controlar ou minimizar este impacto. Esta compreensédo
tem como fundamento técnico-juridico a interpretagao
extensiva do dever de seguranca imposto ao fornecedor
de produtos e servicos, e da no¢do de risco de danos dele
decorrentes, de modo a abranger ndo apenas os consu-
midores individualmente considerados, mas a coletivida-
de. E, sucessivamente, ndo apenas os consumidores atu-
ais, mas igualmente, as geracdes futuras (MIRAGEM, 2013).

E assim que, nesse interim, surge a premissa de que
principios e fundamentos da ordem econdmica - tais
como a livre iniciativa - devem ser observados em con-
gruéncia com o consumo sustentdvel, mais especifica-
mente com as normas de protecao ao meio ambiente, de
molde que um nao impeca que o outro seja desenvolvido
(MILARE, 2005).

Sobre o tema, editou-se no direito brasileiro a Lei n°
12.305/2010 (BRASIL, 2010), que institui a Politica Nacional
dos Residuos Sélidos e impde deveres a toda a cadeia
produtiva no sentido de promover a adequada destina-
¢ao dos residuos, em especial aqueles decorrentes do
consumo.

Na relacdo de consumo, muito embora esteja direta-
mente ligado com seu estado de vulnerabilidade, o con-
sumidor pode, por outro ponto de vista, ser tido como um
agente poluidor da natureza. Nesse sentido, porquanto
previsto pela Constituicao Federal de 1988 (BRASIL, 1988),
a obrigacao tanto do Estado quanto dos cidadaos para
com a protecdo do meio ambiente, ambos tém a respon-
sabilidade constitucional de utilizar os instrumentos cabi-
veis a proteger os recursos ambientais a todos disponivel.

Haja vista que tanto o Estado quanto a sociedade
possuem o dever de resguardar o meio ambiente, ambos
fornecedores e consumidores devem se utilizar de todos
os instrumentos possiveis para que possam tutelar os va-
lores ambientais (SOARES, 2005).

O que se pretende levar em conta é a ideia de que nao
é so das empresas a responsabilidade pelo desenvolvi-
mento de um meio ambiente equilibrado. O consumidor
também é responsavel, uma vez que enquanto agen-
te ndo vulneravel na sua relacdo com a natureza, tem a
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obrigacao social de repensar as atitudes das empresas
que produzem as mercadorias e a verdadeira indispensa-
bilidade do consumo, de molde a impedir o excesso de
producao e de desperdicio de residuos solidos (2002). E
nesse sentido, também, que se perfectibiliza o entendi-
mento de que o consumidor deve ser motivado a fazer
com que o ato de compra seja igualmente um ato de cida-
dania para que a sociedade atual e futura ndo esteja com-
prometida com sua atitude (BRANCO, 1997).

Observa-se que o consumo sustentavel traz a ideia
central de que todos os individuos tém uma responsabi-
lidade com as geracdes futuras. Com efeito, traz a tona “o
fim da reciprocidade estanque entre direitos e deveres.
Em vez de antepor direitos dos consumidores a obriga-
¢oes dos fornecedores, esta-se diante de deveres de
ambos” (ANDRADE, 2013). Assim sendo, se antigamente
se pensava em consumidor como mero “objetivo” a ser
conquistado pelas empresas fornecedoras dos produtos
a serem consumidos, atualmente, com a crescente ideia
de conscientizacdo ambiental, observa-se cada vez mais o
consumidor como sendo um agente ativo e bastante im-
portante no que tange a reducdo de impactos ambientais
(PANAROTTO, 2008). Esta, todavia, embora seja a iniciativa
de maior destaque, é apenas parte de uma agenda mais
ampla que se apresenta a interacdo entre o direito do con-
sumidor e o direito ambiental.

2.3 Gestao integrada dos residuos solidos de
Guarulhos

Apos a aprovacao da Politica Nacional de Residuos Sélidos
em 2010, a cidade de Guarulhos tornou-se o primeiro mu-
nicipio a submeter um plano de residuos ao Ministério do
Meio Ambiente em 2011 (LEITE e LOCCO, 2020).

O Municipio de Guarulhos, visando a preservacdo am-
biental, instituiu o Decreto n° 31513, de 26 de dezembro
de 2.013 (GUARULHOS, 2013). Os objetivos do Plano de
Gestao Integrada dos Residuos Sélidos de Guarulhos -
PGIRS sdo: definicdo da estratégia de universalizacdo da
prestacdo dos servicos com agdes preventivas e correti-
vas das atividades; definicdo da responsabilidade com-
partilhada para a gestdo dos residuos publicos e privados,
implantacdo da logistica reversa, da educacao ambien-
tal e do controle social com aumento das parcerias com
agentes sociais e econdmicos envolvidos no ciclo de vida
dos materiais; a incorporacao de alternativas tecnolégi-
cas apropriadas a destinacdo dos diversos tipos de resi-
duos e a priorizacdo da inclusdo social e econdmica dos
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catadores de materiais reciclaveis. Deu-se especial aten-
¢do a nao geragao dos residuos, sua reducao, reutilizacao,
reciclagem, o tratamento e a disposicdo ambientalmente
adequados dos rejeitos (GUARULHOS, 2013).

Os objetivos de ndo geracao e reducao de residuos
ainda estdo longe de se tornar realidade no municipio
de Guarulhos e a falta de conscientizacdo dos moradores
tem sido apontada como o principal desafio da gestao de
residuos solidos em Guarulhos (SALVADOR et al., 2014.

3. METODOLOGIA

O presente trabalho utilizou 0 método de levantamento e
revisao bibliografica da literatura especializada em Direito
do Consumidor e Direito Ambiental, a luz da Politica
Nacional dos Residuos Sélidos, no periodo da ultima dé-
cada, tendo como base a parte doutrinéria de obras con-
sagradas sobre o direito do consumidor com o objetivo
de encontrar a fundamentacao teoria da matéria da de
2013 a 2020, artigos cientificos escritos no mesmo perio-
do compreendido acima, tendo como objetivo a melhor
interpretacao dos dispositivos legais presentes no orde-
namento juridico brasileiro.

Com a finalidade de avaliar a eficacia do Decreto n°
31513, de 26 de dezembro de 2.013, que instituiu o Plano
de Gestao Integrada dos Residuos Sélidos de Guarulhos
(GUARULHOS, 2013), sera aplicada uma andlise quantita-
tiva de quantas toneladas de residuos sélidos urbanos
eram enviadas ao aterro sanitario de Guarulhos, entre os
anos 2003 a 2012; e quantas toneladas foram enviadas no
periodo posterior a publicacdo do supracitado Decreto,
de 2014 a 2020. O intuito é analisar se houve decréscimo
no montante de residuo encaminhado ao aterro, o que
pode sugerir que parte do material reciclavel ou reutiliza-
vel que no primeiro periodo da andlise era enviado para o
aterro, possa, no segundo periodo desta andlise ter passa-
do a receber o destino ambientalmente correto.

Os dados sobre producao diaria de residuos sélidos
urbanos do Municipio de Guarulhos, de 2003 a 2020, fo-
ram retirados do Inventario Estadual de Residuos Sélidos
Urbanos, que é elaborado e publicado pela Companhia
Ambiental do Estado de S&o Paulo (CETESB, 2022). Nos
métodos quantitativos, faz-se a coleta de dados quanti-
tativos ou numéricos por meio do uso de medicdes de
grandezas e obtém-se por meio da metrologia, nUmeros
com suas respectivas unidades. Estes métodos geram
conjuntos ou massas de dados que podem ser analisa-
dos por meio de técnicas matematicas como é o caso
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das porcentagens, estatisticas e probabilidades, métodos
numéricos, métodos analiticos e geracao de equagdes
e/ou férmulas matematicas aplicaveis a algum processo
(PEREIRA et. al, 2018).

3.1 Area de estudo

Guarulhos estd dividido em duas faixas predominantes
de altitudes, e seu espaco geogréfico com forte caracte-
ristica da urbanizacdao acelerada bem como areas volta-
das a agricultura familiar, pequenos sitios, chacaras e ma-
tas preservadas miscigenando dois ambientes distintos.
No extremo norte, no limite com o municipio de Nazaré
paulista, localiza-se o Pico do Gil ou Itaberaba com 1.422
metros de altitude, comparando com o Pico do Jaragua
no municipio de Sdo Paulo com 1.135 metros de altitu-
de, Guarulhos é reconhecido como a maior elevacao da
Regido Metropolitana de SP. A regido sul é mais rebaixada
em sua topografia, varia de 720 metros altitude nas mar-
gens do rio Tieté nas proximidades do bairro da Penha,
e 660 metros de altitudes no limite com o Municipio de
Aruja. (ANDRADE et. al, 2008).
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O Municipio de Guarulhos seria facilmente confundi-
do com um bairro de Sao Paulo devido a sua proximida-
de geografica. Sua localizagdo esta a nordeste da Regido
Metropolitana de Sao Paulo, mais propriamente a 17 km
do marco zero situado na Praca da Sé na cidade de SP
(Figura 01). Seus limites confrontam com os municipios: a
norte Mairipora e Nazaré Paulista, a nordeste Santa Isabel,
a leste Aruja, a sudeste Itaquaquecetuba, a sul, oeste e no-
roeste Sao Paulo (ANDRADE et al., 2008).
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4. RESULTADOS

O levantamento de dados sobre a producédo de resi-
duos sélidos urbanos em Guarulhos foi realizado atra-
vés da aquisicdo de dados secundarios elaborados pela
Companhia Ambiental do Estado de Sao Paulo (CETESB),
publicados nos Inventarios Estaduais de Residuos Sélidos
Urbanos.

Estes inventdrios sdo publicados, anualmente, desde
0 ano 2003, sendo a publicacdo mais recente a referente
ao ano de 2020. No seu conteudo, este documento reflete
as condi¢des técnicas dos aterros dos residuos sélidos ur-
banos (RSU) dos 645 municipios do Estado de Sao Paulo,
através do Indice de Qualidade de Aterro de Residuos
(IQR), que é calculado através de aplicacdo de questiona-
rio, durante a inspecdo técnica realizada por técnico da
CETESB, anualmente, em todos os locais de disposicao
final de RSU do Estado de Sao Paulo. Neste questionario
sao consideradas caracteristicas locacionais, estruturais
e operacionais e sdo expressas por meio de pontuacgoes,
que variam de 0 a 10. Além da publicacdo do IQR, estes in-
ventarios também trazem outra importante informacao,
que é a producao diaria média de RSU, referente a todos
645 municipios paulistas.

Nesta presente pesquisa, foram realizados downlo-
ads dos arquivos referentes aos Inventarios Estaduais de
Residuos Sdlidos Urbanos de 2013 a 2020 (CETESB, 2022).
Das informacdes contidas nestes inventarios, foram retira-
dos os dados de Guarulhos, referente ao IQR e producédo
média de RSU, dos dezoito relatérios que compdem o pe-
riodo da pesquisa.

Através da andlise da producao de RSU em Guarulhos
(Tabela 1), durante o intervalo de 18 anos é possivel verifi-
car que a producao teve crescimento de 770,3 Toneladas
por dia (2003) para 1,531,3 Toneladas por dia (2020). Ou
seja, um aumento de 761 Toneladas de RSU por dia, o que
representa aumento de 98% na producao didria de RSU.
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Ano Lixo (T/DIA) Ano QR
2003 770.3 2003 94
2004 808,7 2004 9.4
2005 8724 2005 9.4
2006 9032 2006 9.8
2007 935 2007 9.5
2008 8762 2008 2.8
2009 890 2009 9,8
2010 855,06 2010 9.8
20Mm 8694 2011 9.8
2012 871,16 202 9.8
2013 142917 2013 96
2014 144342 2014 9.5
2015 1457,26 2015 9.6
2016 14708 206 9.5
2017 1484,02 2017 7.9
2018 150249 2018 8.2
2019 15171 2019 9.6
2020 1531,33 2020 95

Tabela 1: Produgdo de Residuos Sélidos Urbanos no Municipio de Guarulhos, entre 2003 a 2020. Tabela 2: Indice de Qualidade de Aterro de Residuos (IQR) do Municipio de Guarulhos,
Fonte: CETESB (2022). entre 2003 a 2020.
Fonte: CETESB (2022).

De acordo com o estabelecido pela CETESB, os ater-

ros que recebem notas de IQR entre zero a 7, apresentam Ano Populagao
condicdes técnicas e ambientais inadequadas; IQR entre 2003 1121616
71 a 10,0, apresentam condi¢des adequadas. Diante des- 2004 1135083
tas categorias, verifica-se que, no periodo analisado nesta 2005 1148551
pesquisa, o aterro sanitario de Guarulhos se manteve em 2006 1162018
condi¢bes adequadas de 2003 a 2020 (Tabela 2). 2007 1175485
Um importante fator no quesito producao de RSU é o
) _ , 2008 1188952
tamanho da populagdo de Guarulhos. Assim, para cobrir
esse fator, foi realizada uma pesquisa quantitativa sobre 2009 1202419
quao populosa estava o Municipio de Guarulhos nos anos 2010 1220653
compreendidos entre 2003 e 2020 (Tabela 3). Esta pesqui- 20m 1233904
sa foi realizada no site da Fundacéo Sistema Estadual de 2002 1247371
Anadlise de Dados (SEADE). No ano de 2003 a populacao 2013 1260838
estimada de Guarulhos era de 1.121.616 habitantes; e de 014 1274305
1.351.275 habitantes em 2020. Ou seja, neste periodo de 2015 1288364
18 anos houve um aumento de 20% da populagao. 2016 1301831
2017 1315298
2018 1328765
2019 1342232
2020 1351275

Tabela 3: Populaco estimada de Guarulhos, entre 2003 a 2020.
Fonte: SEDAE (2022).
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Dois destes fatores analisados foram relacionados
e plotados no mesmo gréfico: Populagao (2003 a 2020);
e producdo de RSU (2003 a 2020). Na Figura 2 e possivel
verificar que enquanto a populacao, no periodo de ana-
lise, cresce de maneira relativamente homogénea, a pro-
ducéo de RSU teve um aumento agudo entre os anos de
2012 a 2013, de maneira que, conforme ja mencionado,
enquanto a populacao cresceu 20% no periodo de ana-
lise, a producdo de RSU aumentou 98%. Ou seja, tem-se
aqui que ou a populacdo de Guarulhos duplicou a sua
producao de RSU; ou o aterro sanitario de Guarulhos esta
recebendo RSU de outros municipios. Fato é que a aterro
de Guarulhos realmente passou a receber lixo de outros
municipios, fato que pode trazer impactos ambientais ao
Municipio de Guarulhos, ja que pode ocorrer que a estru-
tura do aterro nao atenda a demanda de lixo ali disposto.
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Figura 2: Relacao Producao de RSU x QR do aterro de Guarulhos
Fonte: Adaptado de CETESB (2022) e SEDAE (2022).

A importante andlise que foi realizada refere-se a
comparacgao da evolucao de outro par de fatores: produ-
cdo de RSU, dentro do periodo de analise; e os indice de
Qualidade atribuidos ao aterro do Municipio de Guarulhos
(Figura 3).
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Figura 3: Relacdo Crescimento Populacional de Guarulhos X Producdo de RSU.
Fonte: Adaptado de CETESB (2022) e SEDAE (2022).
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Deslocamento em aterro sanitario
de Guarulhos deixa cidade em
estado de emergéncia

Figura 4: Noticia sobre o evento ocorrido no aterro sanitario de Quitatina,
que recebe os RSU de Guarulhos.
Fonte: (G1, (2022).

E possivel verificar na Figura 3 que, enquanto a produ-
¢do de RSU de Guarulhos apresenta crescimento de 2012
a 2020, o IQR teve uma queda entre os anos 2017 e 2018,
chegando a valores de 7,9 e 8,2, respectivamente. Este de-
créscimo do IQR, nestes dois anos, pode ser explicado por
problemas técnicos que o aterro sanitario de Quitauna,
localizado no Municipio de Guarulhos, sofreu no periodo,
que resultaram no deslocamento de uma massa de lixo no
dia 28 de dezembro de 2018, quando a prefeitura decre-
tou estado de emergéncia, devido a uma grande parte do
lixo do aterro ter ficado exposta (Figura 4). A partir da data
do ocorrido, e que perdurou por alguns meses, a coleta de
lixo da cidade foi comprometida (G1, 2022).

4.1 A efetividade do Plano de Gestao Integrada
dos Residuos Sélidos de Guarulhos

A destinacao final dos residuos sélidos gerados nas cida-
des e areas industriais requer cada vez mais a participacdo
de todos os setores da sociedade para que se estabeleca
um ciclo producdo-disposicédo final adequado, devido ao
fato de gerar impactos na drea ambiental, social e econ6-
mica e é claro que solucdes politicas s6 podem ser con-
cretizadas com base técnica adequada e meios cientificos
(Dalmas et al., 2011, Freitas e Bulbovas, 2020).

Entre as metas definidas no Plano de Gestdo Integrada
dos Residuos Sélidos de Guarulhos, em relagcdo especi-
ficamente aos RSU, que deveriam ter sido estabelecidas
gradativamente até 2020, destaca-se: implantacao de pro-
cessos bioldgicos de redugao dos residuos; e reducao do
volume disposto em aterro sanitario.

Estas duas supracitadas metas nao foram implemen-
tadas até 2020, para a reducao da producao de RSU. Pelo
contrdrio, o que se verifica é o aumento de Residuos Sélidos
Urbanos gerados pelo municipio e enviado ao aterro sanitario.
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5. CONSIDERACOES FINAIS

E possivel constatar que houve o aumento de consumo
pela sociedade, mas um desprestigio com o consumo
sustentdvel, ndo atingindo o comando legal de protecao
ao Meio Ambiente, apresentado em profusdo em nosso
Estado Democrdtico, através das Constituicdo Federal
(BRASIL, 1988), pelo Codigo de Defesa do Consumidor
(BRASIL, 1990), pela Politica Nacional dos Residuos Sélidos
(BRASIL, 2010) e pelo Plano de Gestdo Integrada dos
Residuos Sélidos do Municipio de Guarulhos, Decreto n°
31513, de 26 de dezembro de 2.013 (GUARULHOS, 2013).

Isso porque, segundo dados coletados e analisados,
a politica do consumo sustentavel através da logistica
reversa dos residuos sélidos, com objetivo de gestdo e
gerenciamento de coleta, reuso, reducao e reciclagem
de determinados residuos, ensejaria um consumo susten-
tavel, convocando o consumidor a participar como ator
principal desse processo, fazendo com que houvesse uma
diminuicao de residuos no aterro sanitario do Municipio
de Guarulhos. Entretanto, a producao de RSU no munici-
pio apresentou crescimento de 2012 a 2020, despropor-
cional ao crescimento populacional, sendo muito maior
o crescimento daquele em relacdo a este, e o IQR apre-
sentou uma queda entre 2017 e 2018, chegando a valores
de 7,9 e 8,2, respectivamente. foram ensejados por pro-
blemas técnicos que o aterro sanitario do Municipio de
Guarulhos, sofreu no periodo, que resultaram no deslo-
camento de uma massa de lixo no dia 28 de dezembro de
2018, comprometendo por alguns meses a coleta de lixo
da cidade.

Registre-se que entre as finalidades definidas no Plano
de Gestdo Integrada dos Residuos Sélidos de Guarulhos,
em relacdo especificamente aos RSU, que deveriam ter
sido aplicadas gradativamente até 2020, com a implan-
tacdo de processos bioldgicos de reducdo dos residuos
e reducdo do volume disposto em aterro sanitério, ndo
foram atingidas, inclusive recebendo residuos de outros
municipios.

Esse descumprimento, se d4 por ma gestdo publica,
que nao prioriza o consumo sustentavel, colocando-se os
interesses pessoais e econémicos a frente dos publicos
e ambientais. Dessarte, surge como solucdo para dirimir
os problemas apresentados no aterro do Municipio de
Guarulhos, desde que observados o objetivos previsto
no Plano de Gestdo Integrada dos Residuos Sélidos do
Municipio de Guarulhos, tais como a educagao ambien-
tal, inclusive com a proliferacdo da ideia da logistica re-
versa, do controle social com aumento das parcerias com
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agentes sociais e econdmicos envolvidos no ciclo de vida
dos materiais, daria possibilidade de reducao e nao ge-
racao dos residuos, sua reducdo, reutilizacdo, reciclagem,
tendo como coroldrio o tratamento e a disposicdo am-
bientalmente adequada dos rejeitos.
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USE OF MOBILE DEVICES IN MACRO DRAINAGE SYSTEMS IN THE CITY OF RECIFE-PE

USO DE DISPOSITIVOS MOVILES EN LOS SISTEMAS DE MACRODRENAJE
EN LA CIUDAD DE RECIFE-PE.

DAMIRES BRAZ DA SILVA. | UFPE — Universidade Federal de Pernambuco, Brasil
CINTIA RAFAELA LIMA DOS SANTOS, MSc. | UFPE — Universidade Federal de Pernambuco, Brasil
WILLAMES DE ALBUQUERQUE SOARES, Dr. | UFPE — Universidade Federal de Pernambuco, Brasil

RESUMO

Os caminhos que circulam as dguas pluviais sdo de suma importancia para um sistema de drenagem urbana,
uma vez que sua principal funcionalidade é capturar e controlar o volume de dgua transportada do solo para a
rede existente, até sua chegada nos rios e mares. Com a urbanizacao desordenada, o volume de lixo produzido
cresce e os sistemas de escoamento sao prejudicados. Deste modo, o presente trabalho apresenta dispositivos

criados e implantados no grupo de macrodrenagem na cidade do Recife. Estruturas flutuantes, nomeadas por
ecobarreiras, foram instaladas transversalmente nas calhas dos canais (Setubal, Jorddo e Vasco da Gama), nos
trechos proximos a foz, com o objetivo de reter o lixo flutuante, remové-los e dar a destinacdo adequada. Os
resultados obtidos se mostraram convincentes, uma vez que com a implantacao de uma quantidade minima de
dispositivos, foram removidos mais de setecentos mil quilogramas de detritos, que obstruiriam o principal sis-
tema de drenagem, e assim, provocariam maiores transtornos as populacdes das planicies urbanas, associados
ainda as doencas de veiculagdo hidrica e a poluicao das aguas urbanas.

PALAVRAS CHAVE

Aguas pluviais; Transtornos; Ecobarreira.

ABSTRACT

The paths that circulate rainwater are of paramount importance for an urban drainage system, since their main func-
tion is to capture and control the volume of water transported from the ground to the existing network, until it reaches
the rivers and seas. With disorderly urbanization, the volume of waste produced grows and the drainage systems are
impaired. Thus, the present work presents devices created and implemented in the macro drainage group in the city of
Recife. Floating structures, named for eco-barriers, were installed transversely in the gutters of the channels (Settbal,
Jordéo and Vasco da Gama), in the stretches close to the mouth, with the aim of retaining floating garbage, removing
it and giving it an appropriate destination. The results obtained were convincing, since with the implantation of a
minimum number of devices, more than seven hundred thousand kilograms of debris were removed, which would ob-
struct the main drainage system, and thus, would cause greater inconvenience to the populations of the urban plains,
associated with waterborne diseases and urban water pollution.
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RESUMEN

Las vias por las que circulan las aguas pluviales son de suma importancia para un sistema de drenaje urbano, ya que su
funcion principal es capturar y controlar el volumen de agua transportado desde el suelo hasta la red existente, hasta su
llegada a los rios y mares. Con la urbanizacién desordenada, el volumen de basura producida aumenta y los sistemas
de drenaje se ven perjudicados. Por lo tanto, este trabajo presenta dispositivos creados e implementados en el grupo
de macrodrenaje en la ciudad de Recife. Se instalaron estructuras flotantes, llamadas eco-barreras, transversalmente
en los canales (Settbal, Jordao y Vasco da Gamay), en tramos cercanos a la desembocadura, con el objetivo de retener
la basura flotante, removerla y darle un destino adecuado. Los resultados obtenidos fueron convincentes, ya que con la
implementacion de una cantidad minima de dispositivos, se eliminaron mds de setecientos mil kilogramos de desechos
que obstruirian el principal sistema de drenaje y, por lo tanto, causarian mayores trastornos a las poblaciones de las llan-
uras urbanas, asociadas ademds con enfermedades transmitidas por el agua y la contaminacion de las aguas urbanas.

PALABRAS CLAVE

Aguas pluviales; Trastornos; Ecobarrera.
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1. INTRODUCAO

O crescimento populacional desordenado, na capital per-
nambucana tem produzido grandes transtornos na infra-
estrutura de recursos hidricos. Um dos principais preju-
dicados tem sido o sistema principal de escoamento de
aguas pluviais, mas conhecido com drenagem urbana,
de modo que o tempo de vida util destas estruturas tem
regredido, gerando um aumento na constancia e magni-
tude dos alagamentos. Atualmente, um dos fatores rele-
vantes dos centros metropolitanos é o destino dado aos
residuos sélidos, produzidos pela populacdo que a cada
dia tende a se concentrar mais nas cidades. Desta forma,
torna-se cada vez mais desafiador a geréncia junto aos 6r-
géos publicos, tendo em vista o crescimento exponencial
nas areas ribeirinhas.

Sousa et al. (2020), relatam que os paises em desen-
volvimento enfrentam enormes desafios como resulta-
do do aumento da producdo de residuos sélidos, atri-
buidos principalmente ao crescimento da populacéo
urbana. O processo de expansao das cidades resulta em
maiores necessidades quanto a utilizacdo dos recursos
naturais, levando ao adensamento populacional, ocupa-
¢ao das margens dos rios e ao assentamento irregular da
populacédo nestes locais.

A degradacdao do meio ambiente e de seus recursos
naturais se agravam com as ocupacdes irregulares nas
margens dos rios, o lancamento de esgoto doméstico e
dos residuos sélidos, que em grande volume vem obs-
truindo os canais e as redes de drenagem urbana, provo-
cando alagamentos e assoreamento nestes cursos d'agua
(PINHO, 2019).

Ha mais de dez anos Hoffmann; Miguel e Pedroso
(2011) discutiram sobre a importancia do planejamento
urbano e da gestdo ambiental, colocando em pauta um
dos maiores desafios nas administracdes das cidades, que
€ 0 avanco sem controle dentro das metrépoles, que tem
sido cada vez mais intenso. Modificando as qualidades
originais das cidades e desta maneira, criando uma dife-
renca com o plano diretor, tornando cada vez mais dificil
o processo de melhoria e transformacao do bem-estar.

Além do crescimento desordenado, o descarte irre-
gular de residuos acompanha esta curva de ascensdo.
O Brasil é o quarto pais que mais produz lixo em todo o
mundo. S6é no ano de 2016 foram produzidos mais de 78
milhdes de 10° kg de lixo urbano. Se nenhuma mudanca
acontecer nos préximos anos, até 2030 teremos uma mé-
dia de 104 milhdes de 10° kg de plastico poluindo todo o
nosso ecossistema (WWF, 2019).

https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.187-197

Em 2020, Swanepoel, Barnardo e Marlin (2020), analisa-
ram os dispositivos instalados no canal de aguas pluviais
Motherwell e canais Uitenhage na regido metropolitana
de Nelson Mandela, Africa do Sul. Os autores destacaram
que diversos sao os tipos de dispositivos que podem ser
implantados ao longo das calhas dos canais, mas varios
fatores influenciam na eficicia do elemento como a fre-
quéncia da limpeza, a variagao do nivel da agua e o volu-
me de residuos removidos, a importancia de se estudar
a sistemdtica da bacia hidrografica e seus contribuintes
para identificar a melhor forma de reduzir os transtornos
causados pelo lixo.

O aumento da moradia da populacdo em éreas nao
edificantes interfere nos elementos do ciclo hidrolégico,
alterando as caracteristicas da infiltracdo, o escoamento
e evaporacao da dgua oriunda da chuva, causando gran-
des transtornos em dias de fortes precipitacdes (Holanda;
Soares, 2019). Para determinar quais as metodologias
sdo utilizadas mundialmente para mitigar os alagamen-
tos, Wang et al. (2021) realizaram uma revisao sistematica
de literatura. Eles perceberam que as técnicas variam de
acordo com o desenvolvimento de cada pais, principal-
mente devido aos custos envolvidos nas intervengdes ne-
cessarias. Para a China, o trabalho aponta que a melhor
alternativa para reduzir a poluicdo a jusante resultaria em
um melhor desempenho e eficiéncia do sistema de dre-
nagem das aguas pluviais.

Vale ressaltar que os materiais acumulados nas bacias
urbanas ndo sao apenas esteticamente desagradaveis,
mas também provocam efeitos ambientalmente ameaca-
dores para o equilibrio natural, além de impedir o desem-
penho hidraulico do sistema de drenagem urbana (NOOR
et al. 2016).

Nichols e Luck (2016) avaliaram a eficacia de um tipo de
dispositivo que retém os residuos e auxilia no tratamento
primario de dguas pluviais (Gross Pollutant Trap - GPT), e
que tem sido amplamente utilizado em bacias urbanas.
A pesquisa foi realizada durante o periodo de um ano no
Estado de Queensland, Australia. Eles confirmaram uma
boa eficiéncia tanto na retencdo quanto na remocao de
poluentes apds o tratamento pelo dispositivo.

Guedes; Araujo e Andrade (2021) atestam sobre a rele-
vancia de uma gestao aplicada com o olhar para a parte
hidrica da cidade, tendo em vista a fragilidade em dias de
fortes precipitacdes, ratificando sobre a publicacdo dos
planos diretores, minimizando os transtornos e projetan-
do solugdes para os pontos criticos de alagamentos, que
cresce na Regido Metropolitana do Recife (RMR) em con-
sequéncia da densidade populacional que expande sem
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controle, prejudicando assim a estabilidade ambiental.

Os transtornos na Cidade do Recife, além dos dias de
precipitacdes intensas, é consequéncia de um conjunto
de fatores que modificam a geografia do sistema de ma-
crodrenagem, se tornando refém desses sistemas de ocu-
pacdes desordenadas. O percentual de drea impermeabi-
lizada so cresce, fazendo uma conversao da vista natural
para apropriacdo de casas irregulares, tornando cada vez
mais dificil a drenagem das dguas pluviais, sendo ainda o
principal agente na producao de efluentes (SILVA JUNIOR,
2016).

Moura et al. (2019), realizaram uma analise das condi-
¢6es do sistema de macrodrenagem da cidade do Recife-
PE sob a 6tica do tripé da sustentabilidade, de maneira a
identificar os principais pontos criticos para o desempe-
nho sustentavel do sistema e sugerir eventuais medidas
mitigadoras. Para tal, foram utilizados como elementos
de estudo cinco canais da cidade. Eles concluiram que o
aprimoramento das medidas estruturais e nao estruturais
deve ser continuo, e avaliagdes transdisciplinares devem
ser realizados de forma conjunta, entre a sociedade e o
Poder Publico, refletindo um ganho direto de qualidade
de vida para a populagdo, melhoria do meio ambiente e
economia futura para os cofres da cidade, sendo em sua
maioria de facil execucéo.

Nesse contexto o presente trabalho visa apresentar
dispositivos confeccionados e utilizados no sistema de
macrodrenagem desta grande metrépole, a fim de reter
os residuos urbanos flutuantes, proporcionando um me-
Ihor escoamento das dguas pluviais dentro destas estru-
turas, além de fornecer uma destinacdo adequada para o
material capturado.

2. METODOLOGIA

A drea plana do municipio compreende 51% do territo-
rio e se caracteriza como uma planicie estuarina, cortada
pelos rios Beberibe, Capibaribe, Jiquid, Jordao, Tejipid e
Jaboatéo e seus afluentes em nuimero de 99 canais (no-
venta e nove), com extensao total de 132,79 km. A malha
da macrodrenagem compreende o sistema as diversas
estruturas hidrdulicas, tais como: canais, cérregos e rios,
ela é jusante das redes de microdrenagem existentes e
implantadas ao longo de vérias décadas (EMLURB, 2016).
Serd apresentado o local de estudo e os dispositivos cria-
dos, com base em estruturas ja existentes, adaptadas
para realidade da urbanizacao dos locais estudados na
capital pernambucana. Os pontos de implantacdo foram
definidos juntamente com a Secretaria de Infraestrutura,
através da Autarquia de Manutencao e Limpeza Urbana
(EMLURB), da Prefeitura do Recife.

2.1 Caracterizacdo da area em estudo

O estudo foi realizado na Cidade de Recife, capital do
estado de Pernambuco, (Figura 01). Localizada nas coor-
denadas: latitude 8° 04’ 03" S e longitude 34° 55’ 00” O,
altitude: 4m. A cidade litoranea contempla uma superfi-
cie territorial de 218,50 km? com 1.537.704 habitantes e
densidade demografica de 7.037,61 hab/km? (IBGE, 2010).
As regides onde foram implantados os dispositivos de re-
tencao ficam localizadas em varios bairros da Cidade do
Recife, de acordo com a distribuicdo que pode ser visuali-
zada no recorte da Figura 01, tendo em vista a quantidade
de residuos existentes na via e a recorréncia na limpeza
nestes elementos.

Leeenda

@ Ecobarreiras

Canais = Riss C ] Cidade do Recife Bl Pernamboeo ] Demais Estados BR A

M

Figura 01 - Mapa do Brasil, com énfase na cidade do Recife, e destaque para os locais onde as ecobarreiras foram instaladas.

Fonte: Elaborado pelos autores.
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2.2 Ecobarreiras
Diversas metodologias para a coleta de residuos sélidos
tém sido utilizadas, o método de limpeza dos canais atra-
vés das ecobarreiras é bastante interessante, pois através
da implantacao destes dispositivos, instalados transver-
salmente nas paredes do curso d'agua, préximos a foz, o
lixo flutuante fica retido, impedindo que estes materiais
sejam lancados nos rios e nos mares, diminuindo assim os
impactos ambientais.

A ecobarreira é um sistema composto por: flutuado-
res que acompanham a variagcao de maré, através de um
cabo de aco envelopado de 3/16 que auxilia no manuseio
do dispositivo, fixados ao cabo tém-se um vergalhdo em
aco do tipo (CA-60KX6.3), em formato de “L” com altura de
0,50cm como objetivo de reter os residuos solidos flutu-
antes que circulam no canal, podendo ser visto no detalhe
(DET 02) da Figura 02. Ela é fixada por quatro pontos de
apoio em aco, ancorados no perimetro do canal. Através
da movimentacgao do cabo é possivel enviar os residuos
para préximo da parede, e iniciar a remocgao. Tendo ainda
em sua estrutura um cabo guia de retorno, para voltar ao
seu lugar de origem sem que nenhuma pessoa entre na
calha do canal.

PROJECAO- ETAPA DE LIMPEZA FACILITADA

T PAREDE DO
CANAL

Figura 02 -Vista, Projecdes e Detalhamento da Ecobarreira.

Fonte: Elaborado pelos autores.

2.3 Remocoes das Ecobarreiras, analse

comparativa e custos operacionais
O recolhimento do residuo ocorreu semanalmente, com
no maximo trés funcionarios capacitados e dimensiona-
dos, com duracao estimada de 2h para finalizacao da re-
mocao do lixo de dentro da calha do canal (Figura 03). A
programacao de limpeza é realizada de acordo com as va-
riacdbes de maré, tendo em vista que nas marés chamadas
de sigizia, com maiores amplitudes, retira-se uma quanti-
dade superior de lixo do que em marés baixa. O residuo
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coletado é descartado de forma adequada para a Central
de Tratamento de Residuos (CTR) no bairro de Candeias.

Figura 03 -Remocao dos residuos na ecobarreira do Canal do Jordao.

Fonte: Elaborado pelos autores.

Apds a realizacao de implantacdo das ecobarreiras,
foram realizadas analises comparativas, através do peso
do material removido de cada canal. A massa de residuos
foi pesada semanalmente e comparada em relagdo aos
anos anteriores que nao tinham este tipo de dispositivo
nos cursos d'agua. Também foi verificado por registros
o comportamento destes afluentes em dias de fortes
precipitacgoes.

Antes da implantacdo dos dispositivos era realizada
anualmente a atividade de limpeza nos canais, que com-
péem o sistema de macrodrenagem da Cidade de Recife,
onde se fazia necessario uma equipe padrdo, composta
com maquindrios do tipo: retroescavadeira, escavadeira
hidraulica, caminhdes basculantes, cacambas estaciona-
rias, além de 15 ajudantes e um encarregado, para lim-
peza da rede de macrodrenagem e com uma duragao
estimada para realizacdo desta intervencao, de no mini-
mo 60 dias. Ap6s a implantacdo das ecobarreiras, com no
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maximo trés pessoas foram realizadas semanalmente as
remocgdes dos residuos capturados e destinados para o
aterro credenciado.

3. RESULTADOS

Existem varias localizagdes na Cidade do Recife, onde tem
a recorréncias de pontos de alagamento, sdo os locais
preocupantes, decorrente de fatores como: subdimensio-
namento do sistema para os tempos atuais, ou pela ma
execucao do mesmo, deixando obstruido com lixo que
sdo lancados erroneamente. Baseados no fator do residuo
foram selecionados os locais para implantagao dos dispo-
sitivos em estudo.

3.1 Montagem e Preparac¢ées dos locais disposi-
tivos das ecobarreiras

Para montagem da ecobarreira foram utilizados, cabo de
aco envelopado, material flutuante e ganchos de aco 6,3
em formato de “L",conforme Figura 04 e Figura 05.

Figura 04 -Montagem da Ecobarreira.

Fonte: Elaborado pelos autores.
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Figura 05 - Detalhe do ponto de fixagao das Ecobarreiras.

Fonte: Elaborado pelos autores.

A principio o cabo de aco foi fixado em pontos de apoio,
transversalmente na parede do canal, apenas um ponto
fica fixo, durante a limpeza soltam-se os 2 pontos do cabo
de aco, 0 quarto ponto é onde existe a movimentacao,
com isso o cabo vem fazendo a varredura do residuo tra-
zendo-o para a parede do canal, conforme Figura 06. Com
o lixo retido na margem no canal é possivel fazer a reti-
rada desses através de equipamentos de limpeza (Figura
07), evitando que o colaborador entre no canal.

Figura 06 - Material espraiado na parede do canal, para ser removido no Canal do Settbal.

Fonte: Elaborado pelos autores.
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Figura 07 - Ferramentas utilizadas para as limpezas das Ecobarreiras.

Fonte: Elaborado pelos autores.

3.2 Primeira Ecobarreira — Canal de Setubal

No més de abril de 2021, foi instalada a primeira ecobar-
reira na Cidade do Recife, a implantacao foi no sistema de
macrodrenagem no canal de Setubal, por ter uma contri-
buicdo muito acentuada de residuos circulando em todo
seu perimetro. O dispositivo possui algumas vantagens,
como: baixo custo de execucdo; reducao de pontos criti-
cos de alagamento, destinacao adequada para o lixo, evita
que os residuos cheguem aos rios e mares, dentre outras.
Para sinalizar de forma mais clara e didatica, foi instalado
um totem pararelo ao local da ecobarreira em carater in-
formativo. Ap6s 21 meses de implantacdo da ecobarreira
no canal do Setubal, foram removidos mais de 300 10°kg
de lixo, seu principal objetivo é reter o residuo flutuante,
impedindo transtornos para o meio urbano e para o ecos-
sistema, na Figura 08 pode ser verificado os volumes das
remocoes realizadas ao longo dos 16 meses.
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Figura 08 - Remogdes na Ecobarreira do Canal de Setubal.

Fonte: Elaborado pelos autores.

3.3 Segunda Ecobarreira - Canal do Jordao
A ecobarreira do canal do Jordao foi instalada dois meses
apos a primeira implantagao deste dispositivo, proximo
ao tunel Prefeito Augusto Lucena no municipio em estu-
do. Desde a sua implantacdo foram removidas mais de
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200 10%kg de lixo, conforme Figura 09.
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Figura 09 - Remogdes na Ecobarreira do Canal Jorddo.

Fonte: Elaborado pelos autores.

A remocao foi realizada semanalmente, devido a gran-
de quantidade de residuos flutuantes que circulam por
este curso hidrico, visando a melhoria continua, foi execu-
tada uma plataforma de concreto armado fixada na parte
revestida do canal para facilitar a retirada do lixo acumu-
lado, tendo em vista que a parede é inclinada e dificulta
a execucdo servico. A populacdo no entorno (catadores)
remove a parte reciclavel retida na ecobarreira do Jordao
para revenda, na Figura 10 pode ser visualizado a platafor-
ma executada para auxiliar na limpeza das ecobarreiras.

R — =

Figura 10 - Plataforma de acesso, criada para auxiliar o processo de limpeza das ecobarreiras.

Fonte: Elaborado pelos autores.

3.4 Terceira Ecobarreira -

Canal do Vasco da Gama (Arruda)
A ecobarreira do canal do Vasco da Gama foi instalada no
més de junho/2021, no trecho em frente a um estadio de
futebol, o ponto escolhido recebe contribui¢des dos ca-
nais da Bomba do Hemetério e do canal do Jacaré, sendo
furtada em meados de agosto/2021 e foi reimplantada no
mesmo local. Até o més de dezembro do ano de 2022 ji
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foram removidos mais de 200 10°kg de residuos flutuan-
tes da calha do canal, conforme resultados na Figura 11.
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Figura 11 - Remogdes na Ecobarreira do Canal do Vasco da Gama (Arruda).

Fonte: Elaborado pelos autores.

O lixo recolhido do canal é de material muito variado,
sendo em sua grande maioria constituido de Polietileno
Tereftalato (PET), conforme pode ser observado na Figura
12, apresentando uma alteracdo muito grande, desde
restos mortais de animais até moveis de casa, estes ma-
teriais sdo um dos principais responsaveis por obstrucées
nas estruturas hidraulicas, causando transtornos e danos
incalculaveis em dias de fortes precipitacdes de chuvas.
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Figura 12 - Ecobarreira em funcionamento (A), remoggo dos residuos (B) e finalizacao da
limpeza (C) no Canal do Vasco da Gama (Arruda) em Recife.

Fonte: Elaborado pelos autores.

3.5 Comparacdes do desempenho das
ecobarreiras
Implantadas em 2021 na capital pernambucana, as eco-
barreiras trouxeram resultados muito positivos, os dispo-
sitivos instalados nos canais impediram que mais de 750
10° kg de lixo flutuante chegassem aos mares e rios, con-
forme valores descritos na Tabela 1. Os resultados corro-
boraram para ampliacao do projeto com a implantacao
de mais sete ecobarreiras, totalizando dez dispositivos

implantados na cidade.
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Més Setabal | Jordao Arruda
(107 kg) | (10° kg) | (10° kg)
2021
Abril 1,60 -
Malo 7.87 - -
Junho 14 B2 1,11 1,50
Julho 15,80 Q0,00 &, 24
Agostn 13,78 0,00 0,85
Setermnbro 10,53 1,95 00
Outubra | 19,98 4,03 10,86
Mevembro | 10,14 16,86 8. 78
Dezembro | 13,59 18,55 18,20
2022
Janeio 17,68 18,07 17 5l
Fewversiro 17 55 16 38 15 21
Marco 26 91 19,76 14 -1‘3_
Abril 39,03 1T.08 8,32
P ain 7.15 T.80 3,25
Junho 13,65 89,10 8,45
Juilha 14,50 16,58 14,230
Agosio 14,17 11,31 12,81
Setambro 18 85 21,58 20,67
Outubro 12 22 17 6B 14 &2
Movembro 16,12 14 17 38 42
Dezambro 5492 2042 23 Bh
Total | 311,52 230,70 238 48
Total
Geral e

Tabela 1- Controle de retiradas dos residuos sélidos nas Ecobarreiras.

Fonte: Elaborado pelos autores.

4. CONCLUSAO

O presente trabalho analisou o volume dos residuos reti-
dos, nos dispositivos implantados como um tipo de técni-
ca mitigadora para alagamentos, onde grandes volumes
de lixo obstruem as passagens da dgua de chuva. O obje-
tivo principal dessa pesquisa foi a coleta de dados relacio-
nados as remogodes, para melhoria da funcionalidade dos
sistemas de drenagem e também do ecossistema.

Para atendimento do sistema de macrodrenagem, as
ecobarreiras implantadas nas calhas dos canais, impedi-
ram que mais de 750 10* kg de residuo flutuante chegas-
sem aos rios e nos mares, melhorando ainda o fluxo do
escoamento das aguas pluviais.

Diante dos resultados desta pesquisa, é possivel
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concluir que os dispositivos méveis implantados nos sis-
temas de macrodrenagem na Cidade do Recife se mos-
traram bastante satisfatérios, para retencdo dos detritos
flutuantes que circulam de maneira arbitraria, impedindo
gue estes materiais causem transtornos e avancem para
0s rios e os mares. Ao analisar os graficos com os volumes
retirados, verifica-se que a quantidade de lixo é bastante
expressiva, com uma quantidade reduzida de dispositi-
vos implantados, em dias de maré alta o volume retirado
cresce ainda mais. E possivel salientar que além de conter
um aspecto sustentavel, o tema estudado também trata
de sociedade e saude publica, promovendo uma cidade
mais limpa e saudavel para todos.
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ARTIGOS

STREET AFFORDANCES: HUMAN-ENVIRONMENT
INTERACTION IN THE DESIGN PROCESS
OF URBAN SPACE

AFFORDANCE DA RUA: INTERACAO HOMEM-AMBIENTE NO
PROCESSO DE PROJETO DO ESPACO URBANO

STREET AFFORDANCE; INTERACCION PERSONA-ENTORNO EN
EL PROCESO DE DISENO URBANO

FRANCIS GRAEFF DE OLIVEIRA, Msc. | UFSC — Universidade Federal de Santa Catarina, Brasil
ARNOLDO DEBATIN NETO, Dr.| UFSC — Universidade Federal de Santa Catarina, Brasil

ABSTRACT

Incentives to walking as a transport mode are an integral part of the Brazilian National Policy on Urban Mobility,
Federal Law 12.587/2012. Nonetheless, design approaches to streets are currently based on motorized transpor-
tation, which does not represent the necessary support to walking or to social, cultural, and leisure activities.
During their evolution, streets reflected historical, economic, political, and social contexts influencing and being
influenced by urban life. However, the advent of new technologies in traffic engineering, civil construction, and n
communication changed this scenario, and traffic systems started to lead the street design. Research on wa-
Iking as a transport mode has shown the influence of street space on people’s decisions to walk. Environment
and Behavior Studies bring substantive knowledge of the human-environment interaction to the theory of
Architecture and Urbanism. This knowledge is essential in the transition from designs based on normative theo-
ries to contemporary street designs. The Affordance Theory provides understanding of the transactional interac-
tion of the person with the environment. To achieve the integral design of the street, we adapted the Affordance
Based Design methodology. This procedural theory was seen as experimentally adequate both in the design
process and in the evaluation for further adjustments in existing streets. The integration of a substantive theory
and a procedural theory is essential to build spaces that give support to walking.

KEYWORDS
Street Design. Affordances. Walkability.

RESUMO

Os incentivos para a caminhada como modo de transporte sdo parte integral da Politica Nacional Brasileira de
Mobilidade Urbana, Lei Federal 12.587/2012. Apesar disso, as abordagens de design para as ruas sé@o atualmente ba-
seadas no transporte motorizado, o que ndo representa o apoio necessdrio para caminhar ou para atividades sociais,
culturais ou de lazer. Durante sua evolugéo, as ruas refletiram contextos histéricos, econémicos, politicos e sociais,
influenciando e sendo influenciadas pela vida urbana. Contudo, o advento de novas tecnologias em engnharia de
trdfego, construcao civil e comunicacdo, mudou esse cendrio e os sistemas de trdfego comegaram a guiar o design
das ruas. Pesquisas sobre caminhabilidade como modo de transporte tem mostrado a influéncia do espago da rua na
decisédo das pessoas em caminhar. Estudos sobre ambiente e comportamento trazem um conhecimento robusto da
interacdo homem-ambiente para a teoria da Arquitetura e Urbanismo. Este conhecimento é essencial na transicdo
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de projetos baseados em teorias normativas para um projeto de rua contempordneo. A Teoria da Affordance fornece
uma compreensdo da intera¢do transacional da pessoa com o ambiente. Para alcancar o design integral da rua,
adaptou-se, para esse artigo, a metodologia do Design Baseado em Affordance.

PALAVRAS-CHAVE

Design de rua; Recursos; Facilidade de locomogdo.

RESUMEN

Los incentivos para caminar como modo de transporte forman parte integral de la Politica Nacional de Movilidad
Urbana de Brasil, la Ley Federal 12.587/2012. A pesar de ello, los enfoques de disefio de las calles se basan actualmente
en el transporte motorizado, que no representa el apoyo necesario para caminar o para actividades sociales, cultura-
les o de ocio. Durante su evolucion, las calles han reflejado contextos histéricos, economicos, politicos y sociales, influy-
endo y siendo influidas por la vida urbana. Sin embargo, la llegada de las nuevas tecnologias de ingenieria del trdfico,
construccién y comunicacion ha cambiado este escenario y los sistemas de trdfico han empezado a guiar el disefio de
las calles. La investigacion sobre la transitabilidad como modo de transporte ha demostrado la influencia del espacio
de la calle en la decisién de las personas de caminar. Los estudios sobre medio ambiente y comportamiento aportan a
la teoria de la Arquitectura y el Urbanismo un sélido conocimiento de la interaccion entre el ser humano y su entorno.

PALABRAS CLAVE

Diserio de calles; Accesibilidad; Caminabilidad
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1. INTRODUCTION

In 2012, the Brazilian Federal Government enacted the
Brazilian National Policy on Urban Mobility, Federal Law
12,587, giving priority to non-motorized transportation
modes in the development of urban mobility plans.
However, in order to promote non-motorized mobility,
the urban environment should support these transporta-
tion modes, which are performed mainly through the streets.

Environment and Behavior Studies provide design
professionals with knowledge of the reciprocal rela-
tionship between the person performing the action and
the environment in which the action takes place, conside-
red as a transactional process. Thus, by understanding the
relationship between the person who walks and the envi-
ronment in which he or she walks, one can see the need
for street environments that provide support to people
during the course of the activity, resulting in the question
"How can streets be designed in order to provide support
for the activities taking place there?”

To answer this question, we will incorporate the
Affordance Theory, developed by James J. Gibson (Gibson,
1986), into the street design process, combined with the
Affordance Based Design methodology developed by
Maier and Fadel for Product Design (Maier & Fadel, 2006 ).
To explain the extent to which this approach is necessary,
it is also important to understand the different scales and
functions that the streets present.

Finally, we will outline the advantages that street de-
signs based on affordances offer as an alternative to the
street design approach commonly used in Brazil, which is
based on the motor vehicles' traffic function.

2. STREET DESIGN

Streets promote integration of the urban space, ena-
bling not only connection among different districts and
neighborhoods but also access, on a smaller scale, by
allowing the connection between the lots, such as home
and work, school, shops etc. (Appleyard, 1981; Boaga,
1977; Childs, 2012; Ellis, 1981; Gutman, 1981; Jacobs, 1995;
Schumacher, 1981). The organization of blocks includes
dividing plots and guiding the configuration and size of
the lots, limiting or allowing the growth of the city (Ellis,
1981). These physical spaces, which are simultaneously
defined and structured by the streets, are able to creat
places in the urban context where human activities are
conducted (Boaga, 1977).
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At the macro scale, the streets are hardly separable
from the road network to which they belong. Similarly, at
the micro scale, there is such a dynamic interaction be-
tween built elements as facades, furniture, vegetation
and non-built elements such as people’s activities and
social interactions, making it impossible to separate all
the components that form them (Anderson, 1981; Childs,
2012; Rudofsky, 1982).

In addition to those functions, streets are also places
where leisure, idleness, fun, manifestation and ceremo-
nies can be carried out (Gutman, 1981). As the greatest
public areas of the cities (Herce & Magrinya, 2013), streets
are where the neighbors meet (Appleyard, 1981), whe-
re, historically, many of the human activities occurred.
Therefore, streets act as a joint between different physical
and social scales of a city (Ellis, 1981). Thus, they must be
treated as places not only as passageways (Jacobs, 1995;
Kostof, 2004).

The streets’ multitude of functions allow adaptation
between isolated and concomitant uses relating such
streets to different physical forms according to cultural,
geographic, economic, political and social contexts, his-
torical period and urban demands (Herce & Magrinya,
2013). That said, the street per se does not have a stan-
dard form that should be reached to ensure its success,
but it is the consequence of several variables present in
the urban space, including the symbolic elements of the
population. Good streets are those with which residents
identify themselves and allow access for all people, invi-
ting them to different activities, and appreciated by their
users (Francis, 1991).

Nevertheless, despite all the roles that streets can play,
the vehicular traffic function is generally dealt as the most
important one. This thought is reflected in the design of
these places, resulting in an urban environment that does
not support extra activities other than motorized trans-
portation. It is worth noting that the traffic function af-
fects not only the carriageway but also the sidewalks, as
they receive parking signs, parking meters, speed signs,
traffic lights, as well as street lighting generally directed
to the lane. Using this arrangement of elements, carria-
geways are free for drivers to use them, while sidewalks
become a route full of obstacles (Macdonald, 2011) or end
up as parking space (Figure 1).
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Figure 1— Car parking as a priority in the use of the sidewalk. Rua Vereador Arthur Mariano,
municipality of Sdo José, Brazil.
Source: Authors.

This concept of design based on a function to rule the
configuration of the space is fragile as it disregards other
important functions such as accommodation of urban in-
frastructures. It is noteworthy that, in Brazil, undergrou-
nd power supply and underground communication ne-
tworks are rarely used. Hence, streets must also be sized
to this need. It can be seen, in Figure 2, a cross section of a
generic street, standardized by street hierarchy proposed
in the Master Plan of the municipality of Biguacu, Brazil.
The street has 75% of its width dedicated to motorized
transportation, regardless the size of the power poles, sig-
ns and curb. Besides that, land use and population densi-
ty were also not consider.

VIA LOCAL

FIETH OF SOLAMEND) PESSAC

[ 150 | 9,00

12,00

Figure 2 — Cross section of a standardized generic local street proposed in
the Master Plan of Biguagu, Brazil.
Source: Plano Diretor de Desenvolvimento Municipal de Biguagu, 2007.

Another important issue concerning this design
approach is the lack of dialogue between the different
codes and standards that affect the design. According to
Florianopolis’ Building Code, butane plants must be deta-
ched from the building and located on the setback space.
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However, as seen in Figure 3, there is no area for the bu-
tane supply truck, resulting in the use of the sidewalk as a
load/unload area, which may cause damage to the pave-
ment and manhole lids.

Figure 3 — Butane supply as one of the functions that streets should support.
Rodovia Jodo Paulo, Floriandpolis.
Source: Authors.

This lack of relationship between the street design
and the different elements and standards that compose
the street’s tridimensional space results in a defective en-
vironment, which is unable to meet the people’s needs
towards their activities. Recalling that streets are public
environments for public use, they have to be designed for
all people, and the integration of these elements is of gre-
atimportance. For example, as can be seen in Figure 4, the
full width of the sidewalk is 2,35m; however, considering
the electricity pole position, its width drops to only 1,05m,
narrower than what is required by the Brazilian Technical
Standard 9050/2004 on accessibility.

Rodovia Jodo Paulo, Floriandpolis, Brazil.

Source: Authors.

Having said that, it should be understood that stre-
ets receive several functions besides motorized traf-
fic, and all these functions must be thought together
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in order to ensure that this urban space will perform
its urban connection function, along with all other ne-
cessary functions for the development of the activi-
ties designed to a specific street.

Considering that the streetscape is a three-dimen-
sional space formed by the all the parts that compose
a street, and recognizing that this parts are insepara-
ble from the whole (Anderson, 1981; Childs, 2012),
the design of a street should be multidisciplinary, in-
corporating not only the technical requirements but
mainly the requirements of the population because,
as stated by Churchill (1962), "the city is the people."

3. AFFORDANCES

Environment Behavior Studies deal with subjects that re-
late the interaction among physical environment and hu-
man behavior (Churchman, 2003). By analyzing the per-
son-environment interaction, these studies evidence that
there is a reciprocal relationship between the person who
carries out the activity and the place where the activity is
done. Hence, environment and behavior cannot be seen
separately, and environment has to be fully understood
considering that the person is not a passive agent of this
process, but acts on the environment and is influenced by
it (Heimstra & McFarling, 1978; Ittelson, Proshansky Rivlin,
& Winkel, 1974).

Based on this reciprocal relationship, James J.
Gibson developed the Affordance Theory to explain
the interaction between person and environment. He
presents the concept of affordance as an opportunity
of action that the environment or the object will offer
to a person, but it depends on the person to perceive
it. In other words, the environment will always afford
opportunities of use, but it depends on the person’s
capabilities, limitations, personality, etc. to perceive
them (Gaver, 1991).

One can understand the relationship between the
perception of affordances and the street with the
following example: a person who does not have disa-
bilities does not see a broken sidewalk as an impedi-
ment to walk, but a person who needs a wheelchair
to move around may notice this same sidewalk as an
obstacle (Figure 5). Thus, the walking affordance that
the sidewalk has is there, but the two people will per-
ceive it differently.

Figure 5 — A sidewalk in poor condition is not perceived as an obstacle to walking by a person
who has no disabilities, but for those who do, it can be an impediment.

Rodovia Jodo Paulo, Floriandpolis, Brazil.

Source: Authors.

Knowing that people are not passive to stimuli pro-
vided by the environment, it can be therefore unders-
tood that the presence of an affordance is not deter-
ministic for an action to be performed. For example,
a short wall has the affordance of sitting (Figure 6),
but it does not necessarily mean that such action will
occur just because the affordance is there (Figure 7).
The presence of an affordance is not deterministic for
an action to occur, but the environment is determi-
nistic for an action not to occur. In other words, if the
environment does not provide support for a certain
activity, this activity cannot be performed (Rapoport,
1990).

Figure 6 — One can perceive the affordance and perform the action. Therefore, this person

perceived the affordance of sitting provided by the wall.
Source: Authors.
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Figure 7 —The affordance of sitting may be present, but people do not necessarily use it.

Source: Authors.

“The composition of the built environment af-
fords a variety of things to the potential user.
It affords visual stimulation and haptic stimula-
tion; it might also provide sonic stimulation and
olfactory stimulation. [...] In addition to stimula-
tion as such, the built environment affords many
other things that support some behaviors and
restrict others. The listis almost endless. [...] The
affordances of a particular pattern of the built
environment are a property of its layout, of the
materials of which it is fabricated, and of the way
it is illuminated - with reference, always, to a
particular set of people” (Lang, 1987, p. 83).

Knowing that the environment offers opportunities
of use for those who will perform the action is impor-
tant for the urban space design as it allows recognizing
that the design process always involves creation, modi-
fication or elimination of these opportunities of use, i.e.,
affordances. With that in mind, it should be understood
that affordances can be positive and/or negative (Gibson,
1986). The same sharp blade that affords to cut steak for
an adult, a positive affordance, also provides the negative
affordance of injuring yourself. In the urban space, such
relationship is established as follows: the same carria-
geway that affords high speed for drivers has a negative
affordance of being unsafe for a person to cross from one
side to another. Therefore, one can understand that the
manipulation of the environment can bring positive and/
or negative opportunities of use to different activitiesin a
particular context.

Besides being positive and/or negative, affordances
also have the property of multiplicity, which refers to
the multiple affordances that the same environment or
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object can offer (Gibson, 1986). Going back to the short
wall example, it prevents the passage but can also afford
sitting, support objects on its surface, etc.

As the perception of affordances is related to who
carries out the action, it is necessary that the design pro-
cess incorporate not only technical requirements, but it
must also be grounded in joint effort among technicians
and community. Although citizen participation is often
questioned or poorly conducted in Brazil, its importance
needs to be highlighted as it brings substantive knowle-
dge to the scientific and procedural spheres, that is, how
the world is; unlike the usual approaches to street design,
which are based on normative knowledge that says how
things should be (Murphy, 2005). This difference may sou-
nd superficial, but it is fundamental in the design of micro
and macro scales since the normative theory represents
idealized knowledge based on habits and beliefs of those
who design (Moudon, 2000), generating inconsistencies
in how people live, as pointed out by Hershberger (1974,
p 148.):

“Will the architect’s knowledge of and empathy
for [...] the occupants of those buildings allow
him to make consistently accurate predictions
about responses to what he designs? [...] In the
absence of better information, however, this is
what the architect tries to do. Sometimes he suc-
ceeds. Quite often he fails. And failure is not a

trivial matter.”

An example of the difference between designers’ and
communities’ perceptions can be seen in the social hou-
sing project Pruitt-lgoe in St. Louis, USA. Due to the lack
of knowledge on how people lived, their habits, needs
and culture, the architects in charge of that project based
the design on how they thought the future residents lived
and how they thought they would like to live. Therefore,
these architects designed wide corridors to lead the re-
sidents to the apartments and also to be used as a social
area. For the designers, the wide corridor would afford su-
pport to social activities. This affordance was not percep-
tible to residents, but these same wide corridors offered
perceptible affordances to some residents such as drug
dealing, vandalism and theft, resulting in the demolition
of more than two thousand housing units twenty years
after the end of the construction (Lang, 1987).

Considering that the design of a built environment
consists in manipulating affordances and that the per-
ception of these affordances depends on the person who
carries out the action, it is necessary to turn this process
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into a conscious process by improving the positive affor-
dances and mitigating the negative ones that the envi-
ronment may offer to the people.

4. APPLYING THE AFFORDANCE
THEORY TO STREET DESIGN

By analyzing a street design based on traffic function, one
can see that all its affordances are conceived for the use of
motorized transportation. In that sense, for example, car-
riageway resurfacing affords higher speeds, large curva-
ture radius in the corners affords drivers to turn with little
deceleration, parking space affords people to leave the
car somewhere while it is not used, and so on. However,
as affordances have the properties of multiplicity and po-
larity, it is important to recognize that the carriageway re-
surfacing affords those traveling by a vehicle the oppor-
tunity to speed up, while it affords pedestrians difficulty
to cross the street.

Understanding that objects and environments provi-
de affordances to the person who will use it contributed
to the development of the Affordance Based Design, an
affordance-based procedural theory for Product Design
developed by Maier and Fadel (Maier & Fadel, 2006).
These authors recognize that, while interacting with an
object or environment, the person is interacting with
the whole system that composes this object. A room, for
example, affords shelter; however, in order for the room
to afford shelter, the foundations must support the wei-
ght of the building, the structural system will support the
floor, roof and walls, and walls will support the openings
(Maier, Fadel, & Battisto, 2009). Thus, the person perceives
the affordance generated by the whole system that com-
poses the environment.

A blender, for example, affords grinding the food, but
the grinding affordance depends on when a person pres-
ses the button to turn on the motor and the motor rotates
the blade inside the cup. Therefore, the Affordance Based
Design considers not only the affordances directly related
to the person's interactions with the object, but also the
indirect relations that make the system provide the affor-
dance (Maier & Fadel, 2006).

These interactions among the elements that compose
the object or environment are named by Maier and Fadel
as Artifact-Artifact Affordances (AAA), and the opportuni-
ties of use that the object or the environment affords peo-
ple are the Artifact-User Affordances (AUA). It is notewor-
thy that in both cases these affordances can be positive
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or negative.

On the streets, this AAA interaction can be observed
with the following example: the curb leads rainwater to
the drain grates which will lead the rainwater to the un-
derground urban drainage system. The curb affords the
streets not to get flooded when it rains (AAA positive).
If the street does not have a rainwater drainage system,
it may get flooded, causing damage to the asphalt and
sidewalks, erosion of the buildings’ foundation, preven-
ting people from developing their activities there (AAA
negative).

In the same manner, regarding the choice of the ele-
ments that shall compose the space, it is necessary to
consider how each element may interfere with the func-
tioning of the street as a whole. Comparing the two drain
grate models shown in Figure 8 and Figure 9, it can be
seen that the first one presents positive affordance relati-
ve to rainwater collection (+AAA) at the same time that it
presents negative affordance for trapping bicycle wheels
(-AUA). The second model presents positive affordance
in terms of water collection (+AAA); however it does not
show a negative affordance as the previous model did.

L. et

. L] 1
Figure 8 —Drain grate model showing positive affordance for rainwater collection but negative
affordance for trapping bicycle wheels. Rua Altamiro Barcelos Dutra, Floriandpolis, Brazil
Source: Authors.
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Figure 9 — Drain grate model showing positive affordance for rainwater collection but no
negative affordance for trapping bicycle wheels. Rua Altamiro Barcelos Dutra, Florian6polis, Brazil
Source: Authors.

Therefore, the design of an environment involves
creation, modification or elimination of what the envi-
ronment will afford. Thereby, looking back at the street
design approach based on motorized traffic functions in
Figure 10, one can see that this interaction with the sys-
tems has not been addressed. Consequences of the use
of this design approach can be seen in Figure 8. There is
not enough room on the sidewalk to place the electricity
pole. In addition, manhole lids are placed over the tactile
directional floor, and one of these lids is in front of the dri-
veway gate of the building and may break under the wei-
ght of the vehicle, which may interrupt passage and cause
a distracted or visually impaired person to fall down.

Figure 10 — Interactions between the systems that compose the street must be planned jointly
so that the environment can support the different activities assigned to it.

Rua Frei Hilario, Sao José, Brazil.

Source: Authors.

The design of a street has to be different according
to land use and population density, as it will impact the
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street usage in different ways. As much as zoning is the
same along a street, the same commercial zone can recei-
ve different types of businesses. A stationery shop and a
grocery store feature various demands in the street space.
The grocery store, for example, receives supplies daily in
order to have fresh food, but it also has a high product
turnover. Thus, the need to load and unload is greater in
a grocery shop than in a business that does not have this
need of replacing products so often. If the street does not
support the needs presented by the use of the buildings,
the supply of products either may not be provided or in-
terfere in the performance of other activities, as can be
seen in Figure 11.

Figure 11— Lack of load/unload area interferes in other activities in the street. Rua Jodo Piu

Duarte Silva, Floriandpolis, Brazil.
Source: Authors.

As affordances have the property of multiplicity, the
same element can afford support to different activities
and, in the same way, different elements may provide the
same affordance. Traffic calming measures can be imple-
mented with different strategies, such as horizontally or
vertically deflecting the carriageway, narrowing the road,
paving, among others. Thus, this approach allows greater
freedom to the design, since the same element can res-
pond to various requests and the same request may be
fulfilled in different ways.

Therefore, one can understand that the street is a
complex environment housing different functions at the
macro and micro scale, being generated by the interac-
tion of all the elements that compose it, and this interac-
tion should result in a design that meets the population's
needs. As previously discussed, the perception of affor-
dances is relative to the people who will use the place,
therefore the affordance based design must rely, first, on
knowing the community’s needs, having in mind that, as
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the street is a public space, it must provide opportunity of
use to all people, regardless of their abilities or limitations.

Lastly, it is important to consider that it is not possible
to eliminate all negative affordances because at the same
time that the carriageway affords risk of injury to pedes-
trians, it also affords the possibility to travel around the
city. Thereby, the designer’s role is to control the entire
system’s relationships that compose the environment in
order to strengthen positive affordances and try to elimi-
nate, where possible, negative affordances.

5. CONCLUSION

The street design should consider the role that streets play
in the urban scale and in the human scale, considering the
different contexts and functions that will simultaneously
occur. Two different streets in the same city can have the
same design but one may work differently from the other,
owing to topography, zoning, culture, economy, among
others.

The incorporation of knowledge from different fiel-
ds helps understand that the environment, as a whole,
will provide people with opportunities of use, and these
opportunities will be perceived differently according to
the user. Therefore, the design should respond to the re-
quests of each context and be grounded in the knowled-
ge that the community will provide

The integration of the Affordance Theory in the stre-
et design presents itself as a manner of conceiving the
urban space, incorporating people’s perception and the
elements that, together, create this place. This approach
enables the design to not only be based on technical opi-
nion, but also consider citizens’ participation necessary to
create an environment that provides different opportuni-
ties of use, rather than focusing on a single function.
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DESIGN TOOL TO EVALUATE EXPERIENCES
OF MATERIALS DEVELOPED WITH
AMAZONIAN AGRO-INDUSTRIAL WASTE

LAURO ARTHUR FARIAS PAIVA COHEN | UEMG — Universidade do Estado de Minas Gerais, Brasil
ELIANE AYRES | UEMG — Universidade do Estado de Minas Gerais, Brasil

1. INTRODUCTION

The Amazon region is home to great biodiversity and a
population with traditional knowledge deeply linked to
the management of natural resources. Despite the plurali-
ty of its territory, large spaces are in a constant process of
urbanization, with a growing demand for alternatives in
the matter of waste. The Acai production chain (Euterpe
oleracea Mart.) is one of the most important for the re-
gion, its importance is related to the cultural identity, eco-
nomic value, and health benefits that the consumption of
the fruit promotes.

Although, the high production, derived from indus-
trial processing, is responsible for environmental and
social problems in the region's main cities. Acai waste is
composed of the seed, fibers (which cover the seed), and
dregs from the production process. The amount of re-
sidue produced varies from 71 to 95% of the processed
seed mass (BUFALINO et al., 2018).

Materials have meanings that should not be reduced
only to their functional qualities and technical properties.
Designers have the opportunity to understand the expe-
riences and perceptions of new raw materials.

Developed by Camera and Karana (2018), Ma2E4 is
a set of tools that aims to help understand how people
evaluate a given material, at four different experiential le-
vels: sensorial, interpretative, affective, and performative.
Therefore, the present work aims to evaluate composite
materials, developed with PLA/Acai fibers and PLA/Acai
seeds, using Ma2E4 tools. Through a qualitative assess-
ment, it was possible to identify sensory patterns among
the materials developed.

O
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2. MATERIALS AND METHODS

As for the methodological procedures, the research is
characterized as exploratory, with qualitative data analy-
sis. Therefore, for the analysis, composites with different
percentages of Acai residues in their composition were
selected, as shown in Figure 1. The use of Polylactic Acid
(PLA) as a matrix aimed to obtain a biodegradable com-
posite. PLA was processed with fiber crushed in a knife
mill and seed powder.

i

Figure 1: a) PLA/Acai Fiber Composites; b) PLA/ Acai seed composites
Source: Authors, 2023

b}

An adaptation of the Ma2E4 method was made, accor-
ding to Figure 2, so that the researcher had the opportu-
nity to carry out a sensory assessment and interpret the
information together with the results of the two samples.
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and future investigations to understand the perception of
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Figure 2: Scale for Sensory Evaluation
Source: Authors, 2023 - Adapted from: Camera; Karana, 2018.

The rating scale ranges from -2 to 2, for opposite charac-
teristics (e.g., light or heavy), where 0 is a neutral point.
The evaluation present in this research was made by the
research designer, after processing the composites.

3.RESULTS

The result of the sensory evaluation of the PLA/Fibers
sample, in general, indicated a hard, smooth, light and
fibrous material with an irregular texture, since the Acai
Fibers were randomly dispersed on the surface. During
the sensory evaluation stage of the PLA/Seeds samples,
the material developed corresponds to a smooth, opa-
que, light, non-elastic and matte raw material.

Both raw materials were neutral in terms of tempera-
ture (hot or cold). It was identified that higher the fiber
percentage, higher the “Irregular Texture” and “Fibred”
scales of the PLA/Fibers composite. Unlike the samples
with fibers, the material with seeds had a regular and
non-fibrous texture, as the seed powder was not visible
on the upper plane of the composite.

Traditionally, in science and engineering, materials are
characterized only technically, to ascertain their structu-
res and measure their properties. It is understood that, in
order to be able to state that PLA/Fibers and PLA/Seeds
composites are light or heavy, elastic or non-elastic, it
is necessary to subject the samples to technical charac-
terizations. However, through understanding sensory
qualities, this research directs the possibility of mapping
application profiles, comparison with similar materials
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FEMINIST STRATEGIC DESIGN: A THEORETICAL-
METHODOLOGICAL PROPOSAL OPERATED
IN THE CONTEXT OF THE CITY.

GIULIA LOCATELLI E SILVA, Msc. | UNISINOS — Universidade do Vale do Rio dos Sinos, Brasil
KARINE DE MELLO FREIRE, Dr. | UNISINOS — Universidade do Vale do Rio dos Sinos, Brasil

1. INTRODUCTION

The patriarchal structure under which our society is orga-
nized reflects, in the most diverse spheres, its modes of
oppression. The cities, the result of construction gover-
ned by this paradigm, are a space where it is possible to
identify these impressions in their physical structures and
organizational systems. This perception is even more ac-
centuated when observing these influences on women's
lives. Given this finding, strategic design presents itself as
a potential methodological operator capable of, with its
dialogic and collective participation capabilities, trans-
forming the reality of projects developed in this context.
However, just like in cities, it is possible to perceive the in-
cidence of patriarchy on this field of study that was born
within and from this reality. It is based on these observa-
tions, and putting these factors into connection, that this
study was born.

2. RESULTS

The research analyzed the ways in which the structure
and planning of cities, built under a patriarchal context,
interfere in women's daily lives. From this, feminism was
used as a field of knowledge under which it is possible to
build new perspectives on the future and society, unders-
tanding it as an epistemology capable of breaking with
the dominant design models, whether in cities or strate-
gic design. What developed from this was the proposition
of a feminist strategic design methodology, which aims
to suggest and present new design perspectives that can
transform modes of operation and perception regarding
design processes, considering, especially, the perspective
of women. Through a path covered through four opera-
tional movements expressed by four verbs (listen, share,

O
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imagine and practice), under the adoption of feminist
ethical stances also represented by 6 verbs (haunt, ask,
remember, celebrate, approach and care), the proposal
developed was experienced and evaluated in a design
context located in the city of Porto Alegre, in three dif-
ferent experiences. The objective was to rethink the city
and propose design alternatives that considered and pla-
ced women's experiences at the center of the proposals.

3. CONCLUSION

What was developed aimed to call into question most of
the theoretical references that support studies in strate-
gic design and its design processes, also breaking with a
conduct commonly present in projects operated under
a patriarchal structure and reasoning in cities: the need
to always produce with focus on the industry, through
innovations that aim exclusively at profit and that bene-
fit a select group of people. In this process, participants
allowed themselves to imagine freely; discuss solutions
based on the problems experienced in the city, seeking
to prevent them and not just remedy their consequences;
and present initiatives that considered the reality in which
they would be developed. The adoption of feminist ethi-
cal stances in the design process under a strategic design
approach constitutes a critical reflection on the design
process itself. Therefore, it is possible to say that the ope-
ration of strategic design in the light of feminist epistemo-
logy was capable of: (1) rethink the perspectives and refe-
rences adopted with regard to strategic design practices;
(2) decentralize the perceptions usually adopted in design
processes, taking into account the experiences of women
and people marginalized by the patriarchy; and (3) in-
corporate feminist ethical stances into the methodologi-
cal operation process in order to transform it, indicating

Mix Sustentavel | Floriandpolis | v.10| n.1| p.213-214 | MAL. | 2024




FEMINIST STRATEGIC DESIGN: a theoretical-methodological proposal operated in the context of the city. G. L. Silva; K. M. Freire.
https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.213-214

necessary attitudes that designers must adopt in order to
act in accordance with this epistemology, critically reflec-
ting on their conduct and design development.
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DESIGN CIRCULAR PARA A GESTAO

DE RESIDUOS TEXTEIS
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1.INTRODUCAO

O Brasil ¢ um dos lideres mundiais na producao de moda
praia e o estado do Rio de Janeiro é o maior produtor des-
te segmento no pais, representado pelo Arranjo Produtivo
Local Polo Moda Praia de Cabo Frio. No processo de cor-
te destes modelos ha um desperdicio médio de 30% de
matéria-prima, em grande parte de origem sintética, e a
maioria desse montante acaba descartado em lixdes e
aterros sanitarios onde pode levar séculos para se decom-
por. Com o objetivo de sistematizar um conjunto de acdes
em busca de solucdes, investiga-se nesta pesquisa como
criar um processo de gestdo de residuos para o arranjo,
através do uso da tecnologia de manufatura aditiva, con-
siderando as dimensdes ambiental, social e econémica do
aglomerado.

2. METODO

A pesquisa, exploratoria e aplicada, analisou a dinamica
dos residuos téxteis do arranjo para considerar a formula-
¢ao de estratégias de recuperacgéo de valor desse material.
Para tanto, a base tedrica apoiou-se nos conceitos de eco-
nomia circular, para entender as diferentes perspectivas
e abordagens de modelos operacionais circulares; de ar-
ranjos produtivos locais, tendo em vista o incremento da
cooperacdo entre as empresas que fazem parte do arran-
jo; de simbiose industrial, como ferramenta inspirada nos
ecossistemas naturais para o intercambio de materiais; e
de manufatura aditiva, tecnologia capacitadora que im-
pulsiona os modelos de economia circular e fortalece sis-
temas democraticos de fabricacdo local e distribuida.

Os métodos e praticas que compdem a metodologia
deste estudo incluem fases distintas, uma pesquisa pré-
-experimental, como base para um experimento futuro;
e uma pesquisa bibliografica, que sustenta o pré-experi-
mento e o modelo de gestdo de residuos téxteis que é
proposto para o arranjo.
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3. RESULTADOS

A pesquisa apresenta como resultados um modelo de flu-
xo circular de loop aberto, para gestao de residuos téxteis
do Arranjo Produtivo Local Polo Moda Praia de Cabo Frio,
com base em uma integragao intersetorial com empresas
de reciclagem téxtil; e, um protétipo de filamento para
impressoras 3D, desenvolvido a partir dos residuos de ma-
Iha poliamida, para ser usado na producao de aviamentos
e acessorios. Destaca-se que o sistema de gestao de re-
siduos proposto é dinamico, permitindo que os vinculos
estabelecidos entre os interlocutores locais propiciem no-
vas articulagdes, dentro e fora do arranjo produtivo local.
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Figura 1: Proposta de fluxo circular de loop aberto transetorial.
Fonte: Autores.

4. CONCLUSOES

A reciclagem téxtil, sobretudo no Brasil ainda estd em fase
embriondria e carece de estratégias para a criacao de no-
vas rotas. Nessa perspectiva, a economia circular aponta
para caminhos alternativos que podem remediar o im-
pacto causado pelo descarte.

Como ferramenta capacitadora, a tecnologia de ma-
nufatura aditiva gera melhorias na eficiéncia de recursos
com sistemas de fabricacdo mais eficientes, producdo
sob demanda, integracdo de novos materiais e imple-
mentacdo de novos processos, estabelecendo um novo
paradigma para a producao através da flexibilidade e da

Mix Sustentdvel | Floriandpolis | v.10 | n.1 | p.215-216 | MAI. | 2024



Design circular para gestao de residuos téxteis. M. E. J. Conceicdo; J. R. L. Santos; C. F. Magalhdes.
https://doi.org/10.29183/2447-3073.MIX2024.v10.n1.215-216

capacidade de resposta rapida, que sao o foco de controle
para romper com a cadeia produtiva linear.

Em oposicao ao sistema vigente, o modelo de produ-
¢ao circular tem beneficios que podem ser notados em
trés dimensoes: econdmica, com o aumento da eficiéncia
no uso de recursos; social, com a geracdo de novos em-
pregos em setores como o de reciclagem; e ambiental,
com a reducdo do uso de matéria-prima inexplorada, e,
por consequéncia, a reducdo das emissdes de gases de
efeito estufa.
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RESUMO
Raquel Noronha, professora associada e pesquisadora da
UFMA, em entrevista a MIX Sustentavel, destaca as ques-
toées que envolvem a diversidade cultural do Maranhao e
a sustentabilidade a partir de uma abordagem de carater
decolonial. Apresenta as pesquisas e os pesquisadores do
NIDA - Grupo de pesquisas Narrativas em inovacdo, design
e antropologia que propdem, de forma critica e especula-
tiva, a superacao do paradigma antropocéntrico a partir
do envolvimento de cosmologias outras nas praticas de
designantropologia. Tais perspectivas entram em didlogo
com a proposta de realizacdo do X SDS, em 2025, na cida-
de de Sdo Luis. Neste sentido, apresenta os didlogos entre
a producao do Programa de Pés-Graduagao em Design da
UFMA sobre a tematica, envolvendo a realidade local. O
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evento, em sua décima edicdo, acontecerd na Amazonia
Legal e isso traz importantes implicagdes.

PALAVRAS-CHAVES
Designantropologia; decolonialidade; saberes locais; sus-
tentabilidade; SDS.

ABSTRACT
Raquel Noronha, associate professor and researcher at
UFMA, in an interview with MIX Sustentdvel, highlights the is-
sues involving the cultural diversity of Maranhdo and sustain-
ability in a decolonial approach. She presents the research
project of NIDA - Research Group Narratives on Innovation,
Design and Anthropology, which proposes, in a critical and
speculative way, the overcoming of the anthropocentric
paradigm through the involvement of other cosmologies in
the practices of designanthropology. These perspectives dia-
logue with the proposal to hold the X SDS, in 2025, in the city
of Sao Luis. In this sense, it presents the dialogues between
the production of the UFMA Postgraduate Program in Design
on the topic, involving the local reality. The event, in its tenth
edition, will take place at Amazon Legal and will have im-
portantimplications.

KEYWORDS

Designanthropology; decoloniality; local knowledges; sus-
tainability; SDS.

1. Conte-nos um pouco sobre a sua
trajetoria e a sua relacdo com a sustentabilidade?

Costumo iniciar esta histéria com o projeto de extensao
que iniciei em 2009, o lconografias do Maranhao. Sou
carioca, graduei-me Desenhista Industrial pela ESDI, em
2002, e, logo apos, vim residir em Sao Luis. Ja faz 20 anos
que vivo aqui e a mesma motivacdo que me fez criar o
Iconografias, em 2009, permanece até hoje: meu encanta-
mento com a riqueza cultural deste estado!

Em 2004, 2005, eu estava muito curiosa com a cidade,
era recém-chegada e dvida em conhecer a cultura local. O
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“olhar estrangeiro” me conduzia aos detalhes imagéticos
das manifestacdes como o bumba-meu-boi, o tambor de
crioula, tambor de mina, os blocos tradicionais de carna-
val, o reggae, enfim, a profusado de estimulos era enorme,
e, a0 mesmo tempo, deparava-me com um comércio inci-
piente de artesanato local no centro histérico de Sédo Luis.
Chamava-me a atencao a pouca variedade e a falta de ori-
ginalidade, de diferenciacédo de tais produtos. O industria-
nato, artefatos produzidos em média escala, com feicdo
artesanal, e que podem receber uma assinatura diferente
em cada cidade em que é disponibilizado, dominava as
prateleiras das lojas turisticas.

A essa altura eu ja era docente da UFMA, desde 2006,
e em levantamento realizado em uma feira de artesanato
localizada no bairro da Praia Grande, entrevistando arte-
sdos e turistas, percebeu-se que havia um grande des-
compasso entre as percepcdes sobre os produtos. Se por
um lado, os artesaos locais estavam muito satisfeitos com
suas producdes, os turistas demonstravam insatisfacdo
com a reprodutibilidade de produtos, falta de conexdo
com a cultura local e, ainda, questdes de acabamento das
pecas. Nesta lacuna entre as percepc¢des de produtores e
consumidores, identifiquei uma oportunidade de agéo e
escrevi o projeto Iconografias do Maranhao. De 13 pra c3,
ja temos doze edicdes realizadas, com iniciativas nos gru-
posde cultura tradicional de Sdo Luis, terreiros de religies
de matriz africana, quilombos do municipio de Alcantara,
estaleiros tradicionais, em diversas acdes de mapeamento
iconografico, cocriacdo de linhas de produtos artesanais,
levantamentos de cadeias produtivas, desenvolvimento
de embalagens e identidades visuais para produtos arte-
sanais, desenvolvimento de uma materioteca... Realizou-
se bastante coisa, além da consolidacdo do tripé ensino-
-pesquisa-extensao. Foram formados muitos bolsistas de
extensao e iniciacao cientifica e, posteriormente, quando
terminei o doutorado em 2015, tive a oportunidade de in-
gressar no Programa de Pés-graduacdo em Design aqui
da UFMA, do qual ainda faco parte atualmente, e pude
formar mestrandos a partir desta conexdo entre produ-
¢ao artesanal, geracédo de trabalho e renda e sustentabili-
dade, em sua multidimensionalidade, mas, especialmen-
te, considerando-se as questdes sociais e culturais.

Pensar as especificidades, os valores simbélicos de
cada grupo produtivo e as cosmologias de cada comuni-
dade, especialmente as tradicionais, as comunidades re-
manescentes de quilombo com as quais pesquisei, € um
mergulho em um pluriverso, muito diferente daquilo que
se ensina nas escolas de Design como abordagem meto-
dolégica. E um processo de desconstrucao de uma logica
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que posiciona a ideia de projeto como central, como nor-
teadora e, especialmente, um desafio em questionar
e desnaturalizar aquilo que se entende como o que é o
melhor para o outro. Como as visdes de mundo sdo base-
adas em valores diferentes, os desejos e as necessidades
sdo também de outra natureza. E isso é bastante dificil de
entender inicialmente. Somos treinados a pensar projeto,
sustentabilidade a partir de uma légica produtiva ociden-
tal, moderna, capitalista, eurocéntrica... e a imersao nes-
se Maranhao profundo das comunidades artesas tradicio-
nais me fez entender de forma impactante tais diferencas.

2. Vocé é coordenadora do NIDA.
Fale-nos um pouco sobre este grupo
de pesquisa e oriente nossos
leitores que queiram saber mais sobre
as atividades desenvolvidas nele.

Diante deste relato de como a minha experiéncia como
pesquisadora se desenvolveu, assim que retornei do dou-
torado, criei o NIDA. O nome mudou algumas vezes, mas
a sigla sempre foi a mesma. Hoje somos o grupo de pes-
quisas Narrativas em inovacdo, design e antropologia. A
realidade produtiva com a qual me deparei me conduziu
a uma formacao na area das Ciéncias Sociais. Fiz mestra-
do na UFMA e doutorado na UERJ, ambos em Ciéncias
Sociais. A epistemologia antropoldgica foi meu percurso
em ambos, e essa formacgao entre design e antropologia
foi fundante para a construcdo de nossas abordagens de
pesquisa no NIDA. As abordagens de designantropologia
540 nosso eixo de acgao.

Na pratica, isso quer dizer que fazemos design por
meio da antropologia, e isso foi se construindo ao longo
do tempo, a partir de aproximagdes com tedricos euro-
peus, com os quais aprendi muito, especialmente com
Tim Ingold, com quem tive a honra de realizar uma missao
de pesquisa na Universidade de Aberdeen em 2018, mas
de I4 para c3, penso que temos amadurecido em uma for-
ma nossa de pensar, fazer e pesquisar em designantropo-
logia. Escrevemos assim junto mesmo, porque representa
um emaranhado, camadas de significados que se entrela-
¢am... designantropologia nédo é o design se valendo da
antropologia para ser um design melhor, nem a antropo-
logia se valendo do design para otimizar seus resultados.
Sdo conhecimentos que caminham juntos, que abrem
fendas e rupturas nas abordagens tradicionais de ambos
ja que, juntos, potencializam as criticas as colonialidades



gue tanto o design como a antropologia trazem no bojo
de suas epistemologias.

Pois bem, neste sentido, para enfatizar a questao
da sustentabilidade, vimos nos distanciando de modos
de pensar o design como solucionador de problemas e
como é possivel pensar o nosso fazer como pratica cria-
tiva em alianca com outras formas de saber, de vivenciar
a questao de producao, sem uma vinculagao com a pro-
ducao industrial. Os estudos nas Ciéncias Sociais apresen-
tam abordagens bem criticas ao que se denomina por
antropoceno, pos-extrativismo, inconsciente ocidental
capitalistico, capitaloceno, antropocego, como sugere
a Marisol de La Cadena (2018) diversas formas cunhadas
por diferentes autores que, em suma e de modo simplo-
rio, eu resumo aqui, colocam em cheque as escolhas que
fizemos para chegar a este estagio de desenvolvimento,
e as mazelas ambientais, sociais e econdmicas que colo-
caram o 1% no “topo” do mundo e os 99% restantes em
situacao calamitosa, de profunda vulnerabilidade.

Desta forma, o design que propomos é um design que
busca regenerar, que busca a superacdo de uma forma
positivista e desconectada da vida e desassociar de vez a
ideia de uma sustentabilidade que possa ser acompanha-
da pelo termo desenvolvimento, uma categoria cooptada
pela maquina de moer gente chamada neoliberalismo. Se
ha desenvolvimento, ndo ha envolvimento!

Nosso maior aprendizado, nos ultimos seis anos de
pesquisa, tem sido a aproxima¢do com o pensamento
decolonial dos povos andinos, dos pensadores da latino-
américa que debatem as relagdes colonizadas que foram
forjadas em nosso territério, em nossas culturas e que nos
movem a querer construir outros parametros para pensar
design e sustentabilidade, a partir de principios relacio-
nais, ligados aos tempos que divergem dos das socieda-
des ocidentais, aos ritmos da natureza e aos parentescos
com ela. Na visao de comunidades tradicionais, rios, ma-
tas, sdo parentes, ndo sao recursos a serem explorados.
Lemos Ailton Krenak, Davi Kopenawa, Francy Baniwa,
Négo Bispo... precisamos sorver essas fontes para apren-
dermos a regenerar aquilo que destruimos com a indus-
trializagdo, com a globalizagdo que nunca aconteceu
como prometida. Ndo hd mundo para todo mundo com
essa globalizacdo que privilegiou os super-ricos, conta-
-nos o cientista politico Bruno Latour (2020). O que ha é
um colapso planetario que o Design, conforme se consti-
tui como ciéncia e pratica, ndo tem dado conta de susten-
tar, de manter seu modus operandi.

Outra licado apreendida com as comunidades
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tradicionais com as quais pesquisamos, sao as profundas
imbricacbes da producao artesanal com as questdes de
género, que tem sido uma das linhas de pesquisa mais
potentes do NIDA, atualmente. Ha dois anos ministramos
a disciplina de pés-graduacao Design e Género, uma dis-
ciplina interinstitucional com a USP, UBA, Universidade de
Buenos Aires, UFMA e, mais recentemente a UFPE, na qual
eu, Maria Cecilia Loschiavo, Ana Julia Melo, Eva Rolim e
Griselda Flesler trazemos uma mirada interseccional para
nossas praticas, e tem sido riquissima, proporcionando
muitos intercambios e a constituicao da RelaDyG, a rede
latinoamericana de design e género, com companheiras
da Argentina, México, Chile, Colémbia, e aberta a quem
chegar!

Entendemos que, por meio de designantropologia,
temos a oportunidade de construir processos especula-
tivos e criticos aos modos positivistas de se fazer ciéncia,
no ambito da sustentabilidade. Dissolver hierarquias nas
préticas e relacdes de poder, deslocando o design do
centro do processo criativo € uma chave importante para
realizar o que Escobar (2016) denomina por pluriverso. E,
neste sentido, que entendo nossas praticas, hoje, e uma
referéncia para pensar as praticas colonizadoras e deco-
lonizadoras na academia tem sido a antropéloga bolivia-
na Silvia Rivera Cusicanqui (2010), que faz uma critica as
relacbes académicas, as hierarquias e apartamentos que
nossas préprias praticas produzem. Leitura fundamental!
As formas de produzir ciéncia, ainda que a partir de uma
perspectiva nomeada decolonial, pode ser muito opres-
sora e hierarquizante. Ontem saiu na Folha de Sao Paulo
uma matéria sobre o livro incrivel da filésofa Isabelle
Stengers, “Uma outra ciéncia é possivel: Manifesto por
uma desaceleragdo das ciéncias”, em que a autora clama
pela desaceleracao das ciéncias e do produtivismo acadé-
mico. Essa aceleracdo que vivemos é o que nos desconec-
ta de uma vida plena de sentido, de uma producao mais
racional, localizada e mais sustentavel... temos feito essas
leituras, debatido, e tentado fazer nossa parte com nossas
pesquisas, nossas palestras e nossos eventos. Mas é um
trabalho de formiguinha, como sempre digo a turma do
NIDA.

Acho que estamos em um momento bastante eferves-
cente, construindo nossas abordagens de pesquisa, nos-
so escopo de didlogo com o design, com a antropologia,
e nos distanciando um pouco das abordagens do Norte
Global. Acho que é um momento de amadurecimento. Ja
estamos com nove anos de um trabalho de formacéo in-
tenso, com ciclos de estudos anuais para embasar nossos

Mix Sustentavel | Floriandpolis | v.10 | n.1] p.217-222 | MAL. | 2024




Entrevista | Raquel Gomes Noronha

pensamentos e pesquisas.

Para quem quiser conhecer um pouco mais do NIDA,
temos nosso Instagram, @nidaufma, e nosso site que estd
sendo construido neste momento, e residira brevemente
em www.nida.ufma.br.

3. Indique as principais atividades que
vem realizando na forma de
pesquisa-ensino-extensdo.

Atualmente, temos trés projetos guarda-chuvas em vigor
dialogando com a critica ao antropoceno, as praticas des-
futurizantes de design e rumo a uma ideia de autonomia
produtiva.

O primeiro deles, que coordeno em parceria com Luiz
Lagares, que realiza pos-doutorado no NIDA, intitulado
“Crescimento econémico por meio do design e da econo-
mia solidaria: autonomia e sustentabilidade de produtos
artesanais do Maranhao”, financiado pela FAPEMA. A pro-
posta da economia solidaria é promover um novo olhar
para os valores da producao, em nosso caso de produtos
artesanais, de forma mais sustentavel. Esse projeto busca
aliar os processos participativos do design, suas ferramen-
tas de producdo de autonomia produtiva com os conheci-
mentos da economia solidaria.

Atuamos com o CRESOL, o Centro de Referéncia de
Economia Solidaria do Maranhdo e grupos produtivos
vinculados a eles, pensando processos de desmaterializa-
¢ao da producao e fomento dos valores locais das comu-
nidades vinculados a seus produtos, seus processos e sua
sistematizacao de servicos baseados em turismo de base
comunitaria. Além do Luiz, a Luiza Farias e Tais Figueiredo
desenvolvem suas pesquisas de mestrado também
no ambito deste projeto. Ainda, Thaynara Gongalves,
Andreyna Lima e Isabella Martins desenvolvem suas ativi-
dades de iniciacdo cientifica neste projeto.

O segundo projeto, de extensdo, também finan-
ciado pela FAPEMA e pelo SEBRAE, intitulado “Cocriando
com o Boi da Floresta”, envolve a producdo de narrativas
situadas para imaginac¢ao de futuros com a comunidade
do Boi da Floresta, grupo de bumba-meu-boi do sotaque
da Baixada, que se localiza no maior quilombo urbano do
Brasil, o quilombo urbano da Liberdade. O papel social do
“Boi” na comunidade é fundamental para a coesao, para
a oferta de trabalho e renda, para assisténcia social a jo-
vens, mulheres e idosos. A brincadeira acontece no pe-
riodo de Sdo Jodo e a producao de indumentarias com
ricos bordados, instrumentos e oficinas de danca e toques
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sdo intensas no primeiro semestre do ano. Contudo, no
segundo semestre, com a auséncia das atividades, as pes-
soas caem em situacao de vulnerabilidade. Nossa acao,
iniciada com a dissertacao de Priscila Coelho, defendida
em 2023, buscou suporte financeiro para o desenvolvi-
mento de uma loja de produtos com identidade cultu-
ral, produzidas pelos integrantes da comunidade do boi,
envolvendo aspectos de sustentabilidade econémica e
sociocultural.

Em paralelo, desenvolve-se outro projeto de pesquisa,
para a criagdo de um memorial, na sede do Boi, Memorial
Apoldnio Meldnio, em homenagem pdstuma ao funda-
dor da brincadeira. A partir da coleta de narrativas de
hoje, de ontem e de amanhg, iniciamos um processo de
design critico e especulativo na comunidade, com sessbes
de fotoelicitacdo para coleta de narrativas e imaginacao
de futuros sobre a comunidade, sobre a brincadeira e seu
fundador. Nesta acao, Nono Rodrigues desenvolve plano
de trabalho como bolsista de extensao e Marcella Abreu,
sua pesquisa de mestrado.

Finalmente, temos o projeto “Gender hubs - labo-
ratérios de mapeamento, acompanhamento, andlise e
prototipagao de politicas universitarias direcionadas a
equidade de género, por meio do design”, recém-aprova-
do no edital Universal do CNPq, coordenado por mim e
com equipe formada pelas docentes de nossa disciplina
Design e Género - Maria Cecilia, Griselda, Eva - e também
as pesquisadoras Diana Helene Ramos (UFAL) e Bruna
Vasconcelos (UFABC). O objetivo é, por meio do design
participativo, prototipar politicas publicas de género nas
universidades envolvidas, a partir das vivéncias das opres-
soes e dificuldades nos cotidianos dos campi. O projeto
sera iniciado em breve, e ainda ndo ha discentes vincula-
dos aele.

Sdo muitas frentes, muitas atividades praticas... é
uma caracteristica nossa de fazer pesquisa fora do labo-
ratério... O campo é o nosso “sul”, de onde construimos
a partir de saberes tacitos, com as pessoas, e em didlogo
com as diversas cosmologias.

5-Eessaesséncia fard parte do SDS 2025?
Conte-nos sobre as expectativas para o evento.

Sim, claro! Essa decisdo em pleitear que o Simpdsio de
Design Sustentavel aconteca aqui em Sao Luis, em 2025,
é uma grande oportunidade para o Programa de Pos-
graduacdo em design da UFMA que busca, neste momen-
to, a sua consolidacdo e a implantacdo de um doutorado


http://www.nida.ufma.br

académico, que aprofunde as pesquisas sobre as necessi-
dades locais e regionais, como vém acontecendo desde a
sua criacdo, em 2012, em nivel de mestrado.

O décimo SDS - Simpodsio de Design Sustentavel +
Sustainable Design Symposium propde-se como o pri-
meiro a ser realizado na Amazonia Legal, regido para a
qual os olhos do mundo se dirigem. As mudancas clima-
ticas sao reflexos profundos de uma mudanca sem prece-
dentes da qual fazemos parte e é na emergéncia de con-
fluirmos pensamentos, reflexdes e acdes que convidamos
a todos a pensarem em mundos por vir.

Antes de ser um balizador da producao, a temdtica é
um chamado para a presenca de vozes, sonhos, histérias,
materiais, materialidades e tecnologias para reimaginar
este mundo em diversos outros. Como criar mundos para
um futuro possivel por meio do design?

Propomos um debate critico acerca das questdes mul-
tidimensionais da sustentabilidade, envolvendo a dimen-
sdo politica, as questdes relacionadas ao mundo do tra-
balho, os recortes de género, os debates pés-extrativistas,
os comportamentos de producgdo e consumo, os debates
sobre as agéncias no antropoceno, as poéticas e estéticas
que promovem e dao corpo a esta discussao.

A comissao organizadora é composta por mim, pelos
docentes Denilson Moreira Santos, também do PPGDg-
UFMA, Gisele Reis Saraiva do DEDET-UFMA, Camila
Andrade dos Santos, Nayara Chaves, Marcio Lima, to-
dos egressos do nosso programa e docentes do IFMA.
Envolvemos também nossos egressos, doutorandos em
outros programas, Tayomara Santos (UEMG), Samuel
Miranda (UNISINOS), além de mestrandos e mestran-
das da linha de pesquisa Design: materiais, processos e
tecnologias.

Nesta linha, de pesquisa, Design: materiais, processos
e tecnologias, desenvolvemos pesquisas que contem-
plam os diversos eixos do SDS. De um total de 104 dis-
sertacoes defendidas no PPGDg, 40 situam-se nesta linha,
e aqui podemos exemplificar com algumas delas, as dos
egressos que hoje fazem parte da comissdo organizadora
do SDS 2025:

« A tradicdao do punhado: avaliacdo da incorporagao

da cinza de taquipé (Triplaris sp.) em arqgila verme-

Ilha na producao artesanal — Samuel da Silva Miranda.

. Design e sustentabilidade ambiental: potencialida-

de de aproveitamento da pele da pescada amarela

— Camila Andrade dos Santos.
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«  Correspondéncias por meio de sementes: saberes,

sustentabilidade e producdo artesanal —

Tayomara Santos dos Santos.

« Qavesso: alcances e limites da consultoria em design

na Associacdo de Mulheres da Agulha Criativa, em

Sao Joao dos Patos — MA — Mércio Soares Lima.

- No cabide: a percepcao das digital influencers sobre

a estratégia de design para otimizacao de produtos

— Nayara Chaves Ferreira Perpetuo.

Essas pesquisas, assim como muitas das demais linhas
do PPGDg-UFMA, dialogam fortemente com a diversi-
dade cultural, social e ambiental do Maranhao. S6 para
exemplificar, trago alguns dados: O censo 2022 informa
que o Maranhao é o 3° estado com maior populagao indi-
gena do Nordeste; mais de 72% vive dentro de territérios
indigenas. O Maranhdo tem a 22 maior populagao quilom-
bola do Brasil, aponta levantamento inédito do IBGE. No
ano de 2021, o PIB maranhense foi de RS 124,981 bilhoes,
4° maior do Nordeste e 17° maior do Brasil. Quanto ao
perfil setorial da economia maranhense, em 2021, desta-
ca-se, primeiramente, o setor de servicos, com 67,7% de
representatividade.

Acreditamos que pensar a sustentabilidade e a ima-
ginagdo de mundos por vir neste estado é fundamental
para a autonomia produtiva, para a geracdo de trabalho e
renda, de forma consciente e coerente com a diversidade
cultural daqui. E ndo apenas daqui, mas com o nosso en-
torno, com os estados do Nordeste e do Norte do Brasil.

Estamos muito felizes em realizar este evento, pensa-
mos em um conceito itinerante para o X SDS, acontecen-
do em nosso centro historico, em comunidades ao redor
da cidade, envolvendo formato dinamico e que privilegie
diversos saberes! Deixamos nosso convite a todo campo
do Design, e que possamos pensar mundos por vir aqui
no Maranhao em 2025!
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