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ABSTRACT:

Global Guidance proposes mechanisms for LCA studies and data management for improving interoperability, data exchange, accessibility and credibility of LCA databa-
ses. The PBACV (CONMETRO, 2010) has among its objectives to implement in Brazil a system capable of organizing, storing and disseminating information of LCIs. The
Brazilian government responded to this demand through IBICT, which developed the SICV Brazil. For a LCI database to succeed, it is necessary to have primary data
provided by the productive sector. The availability of data contributes to the growth of the country while benefiting the primary data providers, as society is increasingly
attentive to the transparency and environmental awareness of companies. The management of LCA data is not a concern of national LCI databases alone. Other institu-
tions also need to manage their LCA data independently of proprietary software, ensuring autonomy and sustainability for their operations. Keeping data on someone’s
own infrastructure favors autonomy, but multiplies infrastructure investment and impairs interoperability. This research proposes a procedure for shared management of
LCA data through the creation “nodes", an instance of SICV Brazil for storing LCI data from private and public institutions. This procedure for shared management promo-
ted the Brazilian National Inventory Database (SICV Brazil) and offered advanced information resources to institutions, such as Embrapa, without additional infrastructure
and facilitating interoperability with other institutions. Authors believe that the creation of other instances of the SICV could contribute to the advance of LCA in Brazil.
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1/ INTRODUCTION

Life cycle assessment (LCA) data management is a task traditionally reserved for LCA software companies (FRISCHKNECHT, REBITZER, 2005). It was up to these softwa-
re, such as SimaPro and GaBi, to manage the entire process of information flow in LCA, from its creation through analysis, distribution and storage. Such an approach
was common during the gestational period of LCA, understood here to be the beginning of the discussions of ISO 14.040 (ABNT, 2014) in the early 1990s and in the first
half of the 2000s.

The use of software as a tool for the management of the information cycle in LCA, although efficient in understanding the entire evaluation process, from data collection
to impact analysis and information storage, also presented some difficulties. Among them, it is possible to mention the lack of tools focused on multi-user teams, technical
flaws in data conversion between different software, and inefficient mechanisms to search and make available inventories (FRISCHKNECHT; REBITZER, 2005; NARITA et
al., 2004; PROC SAF PR, 1999).

Such difficulties and the need to use LCA data on an integrated manner amongst distinct actors, both in national and international contexts, have led to several initiatives
for the creation of networks of LCA. One of the first examples was the creation of the database ecoinvent, which aimed to integrate Swiss data production related to LCA,
reflecting the situation of the year 2000 (FRISCHKNECHT, REBITZER, 2005). In 1998, Japan started its LCA network Project, with the creation of the Japanese national
database (IDEA). This database was published in a first version with 100 inventories made available voluntarily. The Japanese project believed that "compatibility with
reliability and openness was important in LCA's data management system" (Nakano; Sugimoto; Tahara, 2014, p. 165, authors translation). Like the Swiss and Japanese
examples, other countries such as the United States, France, Italy, Australia and Brazil have also started national database projects. These initiatives aimed to allow the
sharing of LCA information specific to the national context of each country, creating information networks in LCA. More recently initiatives, strived at the creation of
international networks, have emerged with the European Commission (EC) through the Life Cycle Data Network (LCDN) and the United Nations Environment Program
(UNEP) through the Global LCA Data Access (GLAD).

The understanding that this worldwide movement to standardize LCA data management needed uniform guidelines has led UNEP to take action in order to unify efforts.
One of these actions was the workshop promoted in Shonan, Japan, which resulted in the publication of the Global Guidance Principles for Life Cycle Assessment Databa-
ses (UNEP, 2011). In the same vein, the Brazilian government officialized its efforts to promote LCA in 2010, with the creation of the Brazilian LCA Program (CONMETRO,
2010), which, among other objectives, aims to "implement a recognized international system capable of organize, store and disseminate standardized information on the




life cycle inventories of Brazilian industrial production "(CONMETRO, 2010, p.3). This initiative of the Brazilian government has been promoting the LCA in the country.
Although the actions of the Brazilian government make official the effort to create the National Life Cycle Inventory (SICV Brasil), there are numerous reports of companies
that still find it difficult to carry out LCA studies. These difficulties are due to technical reasons, such as those mentioned above, such as difficulties in maintaining LCA
software or hiring professionals, or because there is no Brazilian data to serve as a basis for deriving new studies. Thus, the question that moves this research is: how to
create a network of LCA databases that allows to increase the number of datasets in the SICV Brasil and at the same time allow institutions to have autonomy to manage
their inventory data? In order to answer it, the Brazilian Institute of Science, Technology and Information (IBICT) and the Brazilian Agricultural Research Corporation
(Embrapa), two Brazilian institutions that participate in the subject of LCA and which respectively coordinate the technical commissions of Database and Of PBACV
inventories, act together in carrying out this research. The objective is to establish procedures for the creation of "nodes" in SICV Brasil, being the first "node" of Embrapa,
while defining strategies to increase the number of life cycle inventories made available by the Brazilian database.

2| METHODOLOGY

The methodology for node creation in SICV Brazil and implementation of the first Embrapa "node" is based on the analysis of PBACV documents and scientific articles
related to the management of LCA databases, data collection with representatives of PBACV technical committees associated with the thematic and situation analysis from
discussions between researchers from the field of LCA and Information Science.

As a consequence, the procedures and strategies that resulted in the three phases described during the presentation of results were defined.

3/ RESULTS AND DISCUSSION

In order to achieve the proposed objectives for this research, IBICT and Embrapa jointly made efforts to establish the "Embrapa Node" of SICV Brasil, covering three
phases:

1. Definition of structure of software of LCA that supports the creation of LCA data network;
II. Establishment of technological and organizational models in the creation of "nodes" of the network; and

IIl. Definition of criteria for selection of "nodes".

Regarding to phase | (definition of the LCA software), we chose soda4LCA, a system designed to support the creation of LCA database networks (KUSCHE et al., 2012).
Among soda4LCA's features, it is worth mentioning the management of public and open LCA databases, so that a single system installation can logically separate data.
This resource allows, for example, the creation of specific bases by sector, such as agribusiness and fuels, within the SICV Brasil itself. In addition, the system has a
network interface that allows communication between different instances for data exchange. In order to meet Brazilian specificities, some resources have been developed
for soda4LCA, such as user management, process of revising datasets and remodeling of the messaging service. These resources are in the process of being sent to the
soda4LCA repository, which is expected to be incorporated into the system root in 2017.

With regard to Phase Il of defining the technological and organizational model for creating "nodes", two business models were defined. The first, possible only for public
entities such as Embrapa, allows the technological structure to be maintained in the physical structure of IBICT. Such support includes backup, software update, and
network monitoring. In this model, the administrative management of the system is the responsibility of the IBICT partner institution. In order to implement this model, it

Figure 2 - Structure supported by SICV Brasil
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With regard to Phase Il (definition of criteria for selection of "nodes"), it was established that both public and private institutions, be they small, medium or large, individual
or sector representative, could become a "knot" of the SICV Brazil. However, as the resources available to support the addition of new "nodes" are limited, the implantation
of new "nodes" of the SICV Brazil will begin with the institutions representing the sectors to be prioritized by the PBACV Technical Inventory Committee.

4/ CONCLUSIONS

The creation of the procedure to create "nodes" linked to the SICV Brasil will favor the availability of inventories of several Brazilian productive sectors, bringing benefits
both to the institutions that provide inventories and to society in general. The "Embrapa Node" of SICV Brasil, still in the consolidation phase, can be considered a milesto-
ne, since it will enable one of the institutions that most invest in research in the area of LCA in Brazil to actively contribute to the advancement of the methodology in the
country. The data that will be made available in the SICV Brasil through this "node" will allow the creation of new studies in LCA. At the same time, it is understood that
Embrapa acquires a robust system of ACV data management and reduces costs with information technology infrastructure. With the established SICV Brazil "nodes"
methodology, it is expected that new institutions will be able to join the Brazilian database of LCA databases, allowing the Brazilian bank to expand its activities in the
promotion of LCA in the country.
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ABSTRACT:

Purpose: To reach the Sustainable Development Goals 2016 (SDG) and en-sure human well-being the sustainable production and consumption of prod-ucts and services
along their entire life cycles is indispensable. This empha-sizes the importance of combining Social and Environmental Life Cycle As-sessment (S-LCA, E-LCA) and Life
Cycle Costing (LCC) in one approach: Life Cycle Sustainability Assessment (LCSA). However, the application of LCSA in practice is still not very disseminated. One
reason is the lack of comprehensive databases allowing the efficient calculation of environmental, economic and social impacts of product life cycles at a time. This study
aims to contribute to research and facilitate LCSA by introducing and assessing the first database for LCSA — ecoinvent-soca.

Methods: To address the lack of databases for LCSA, social data was mapped from the industrial sectors and commodities in the PSILCA database to the pro-cesses in
ecoinvent 3.3. A case study analyzing simultaneously the environ-mental, social and economic impacts of textile production in India was carried out to assess the usabili-
ty, reliability and benefit of the “social add-on” soca for LCSA.

Results and discussion: Soca completes the environmental and cost infor-mation provided already in the ecoinvent database by generic social inventory data. It covers
53 indicators addressing social aspects of workers, local com-munities, societies and value chain actors. The results of the case study, proved by sensitivity analyses,
revealed different hotspots, especially compar-ing social and environmental impacts.

Conclusions: The case study demonstrates the usability of soca for combined social, environmental and economic life cycle assessment. Further, the hotspot analysis
highlights the importance of combining the three dimensions of sus-tainability in a single tool to ensure the same methodological basis and, hence, comparability of the
impacts for one product system. Therefore, ecoinvent-soca is a promising advance for LCSA, and towards achieving the SDG and human well-being.

Keywords:
Life Cycle Sustainability Assessment; Database; Social Life Cycle Assess-ment; Sustainable Development Goals; Case study; Sustainability

1/ INTRODUCTION

The Sustainable Development Goals 2016 (SDG) (UN, 2016) highlight that eradicating poverty and ensuring human well-being can only be achieved combining social
inclusion and protection, sustainable economic growth, and environmental conservation. Hence, the sustainable production and consump-tion of products and services,
i.e. along their entire life cycles, are becoming increasingly central within this framework, showing the importance of combin-ing Social and Environmental Life Cycle
Assessment (S-LCA, E-LCA) and Life Cycle Costing (LCC) to Life Cycle Sustainability Assessment (LCSA). Its main approach was presented by the UNEP/SETAC Life
Cycle Initiative in 2011. However, the broad application of the method in comprehensive life cycle stud-ies is still hampered, not least because of the lack of databases
allowing the efficient calculation of environmental, economic and social impacts of product life cycles at a time (ibid.).

This paper introduces the first approach to combine the three dimensions of sustainability in one database — ecoinvent-soca. Its usability and reliability for LCSA will be
tested and critically analyzed on a small case study about textile production from jute in India. It is the objective of this study to contribute to the research of LCSA and
facilitate the conduction of case studies in the field.




2| METHODOLOGY

To adress the gap regarding tools and databases for LCSA, social life cycle information was assigned to ecoinvent 3.3 (EC, 2016). This database was se-lected as founda-
tion because it contains global industrial life cycle inventory data and cost information on energy and material supply, resource extraction, agriculture, waste management,
transport services and others.

The social aspects added to ecoinvent are based on PSILCA v.1 (GreenDelta, 2016). PSILCA is a transparent database for S-LCA which provides com-prehen-sive generic
inventory information to calculate social impacts of aimost 15,000 industry sectors and commodities in 189 countries over their life cycles.

The social information and risks were assigned to the activities in ecoinvent 3.3 by mapping the process categories existing for specific countries and regions to the
country-specific sectors of PSILCA. An exception were market processes and activities used for database administration and modelling. For these pro-cesses, no social
risks were assumed because, in practice, they are not con-nected to any real working time and, hence, do not contribute effectively to a product life cycle.

In order to quantify the relevance of the social risks caused by a process in a life cycle, the working time to produce the reference product of a process was selected as
activity variable for all indicators (Norris, 2006). The values for the “social add-on” were calculated based on the worker hours per USD output of the mapped processes
in PSILCA multiplied with the price of the respective products in ecoinvent. For those activities in ecoinvent without costs — mainly waste material and their disposal —
parameters for worker hours were determi-ned per unit of the reference products assuming that working time is similarly high to produce the same amount of different
products.

Additionally, data quality was defined for every data point regarding reliability of the source, and temporal, completeness, geographical and further technical conformance
(Ciroth, Eisfeldt 2016). Both the original data quality in PSILCA as well as the specific mapping procedures between PSILCA and ecoinvent were considered (Eisfeldt,
2017).

The combination of environmental, economic and social life cycle assessment was tested in a brief case study about the production of 1kg woven textile fa-brics of jute
in India. For the calculation, the process “textile production, jute | textile, jute” in India was selected. The inventory includes the cultivation of bast fibres, their further
spinning to yarn and weaving to textile including all ups-tream processes (EC, 2016). The use and disposal phases were not conside-red.

The product system was created and calculated in the LCA software openLCA 1.5 (GreenDelta 2017) based on the system model "Allocation, cut-off by classi-fication"
of ecoinvent v.3.3 (EC, 2016). The environmental impacts were calcu-lated with the ILCD 1.0.8 2016 midpoint impact assessment method (IAM). For the S-LCA a
rudimentary IAM describing an exponential relation between the impact factors was applied. Some representative categories were selected for both the social and environ-
mental life cycle impact assessment (S-LCIA, E-LCIA). Regarding LCC, the approach by Moreau and Weidema (2015) was fo-llowed, defining the life cycle cost as the
“sum of all value added over the life cycle”, i.e. the difference between the cost of the output and the cost sums of the intermediate inputs of each activity (ibid.).

3/ RESULTS AND DISCUSSION

3.1. Soca: Social add-on for ecoinvent

Based on the mapping and assignment of social inventory data to ecoinvent processes, an add-on for ecoinvent v.3.3, called soca, was developed. It com-plements the
environmental and cost data of the activities by social impact in-formation on workers, local communities, entire societies and value chain ac-tors resulting in a complete
database for LCSA. The first version of soca avail-able for openLCA contains 53 social indicators related to 17 subcategories. The information is provided as risk-assessed
indicators modelled as elemen-tary output flows for the ecoinvent processes. So-called “social aspects”, e.g. raw values and data quality, complement and document the
information on the process level. Quantified by the risk level and working time for every ecoinvent activity, overall social impacts of product life cycles can be calculated
for the first time in parallel with their environmental impacts and costs.

Being a pioneer project, the methodology also holds some weaknesses. For example, due to the mapping procedure described in chapter 2 all activities and products
within a country or region belonging to the same category receive the same social information. Further, costs in ecoinvent are global averages, i.e. independent of the
country and of the specific technology, which affects and possibly distorts the worker hours calculated for an activity on their basis.

3.2. Case study

The sustainability assessment of textile production from jute in India proved the possibility to calculate social, environmental and cost impacts simultaneously for one
product system, i.e. with the same connection types for all dimensions.

Further, the analysis of the LCIA revealed different hotspots for social, envi-ronmental and economic categories (see fig. 1-3).

Regarding most of the selected social impact categories, the highest (direct) contributions are originated in the “textile production, jute” process itself fol-lowed by close
upstream processes such as “yarn production, jute” and “jute production, rainfed” in India (see fig.1). However, for some categories, other processes, even much earlier
in the upstream chain, are especially risky. For example, for “Restrictions of association and bargaining rights” and “Insuffi-cient safety measures” electricity production
out of hard coal in India, “lubricat-ing oil production” in Rest-of-World (RoW), and even the transmission network construction for electricity, high voltage (RoW) have
high relative contributions.




Relative distribution for direct contributions of selected processes to selected social impact categories
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Figure 1: Relative distribution of direct contributions of selected activities to selected social impact categories, own presentation

In contrast to S-LCIA, the highest contributions to the selected environmental impact categories originate from activities further up the supply chain, especial-ly electricity
production from hard coal in India (see fig. 2). “Global” treatment of spoil from mining contributes highly to freshwater ecotoxicity. Jute production activities mainly
contribute to land use and can be considered as minor hotspots regarding freshwater ecotoxicity and freshwater and terrestrial acidifi-cation. However, the final textile

production is irrelevant regarding the selected categories.

Relative distribution for direct contributions of selected processes to selected environmental
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Figure 2: Relative distribution of direct contributions of selected activities to selected environmental impact categories, own presentation

Highest cost contributions (referring to added value of an activity) are generat-ed both by the material production processes (textile and intermediate jute pro-duction) as

well as by electricity production from hard coal in India (see fig. 3).
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Costs |$¥ Added value

Contribution Process Amount Unit
- 21.41%  textile production, jute | textile, jute | cut-off, U - IN 0.25549 usD
u 10.59% electricity production, hard coal | electricity, high voltage | cut-off, U - IN 0.12639 usD
L] 09.67% jute production, rainfed | jute fibre | cut-off, U - IN 0.1154 usD
. 08.89% transmission network construction, electricity, high voltage | transmission network, electricity, high voltage | cut-off, U - RoW  0.10613 uUsD
1 05.28% jute production, rainfed | jute fibre | cut-off, U - ReW 0.06306 uUsD
1 04.42%% transmission network construction, electricity, high voltage | transmission network, electricity, high voltage | cut-off, U-CH  0.05274 uUsD
' 04.18% yarn production, jute | yarn, jute | cut-off, U - IN 0.04992 usD
! 02.89% jute production, irrigated | jute fibre | cut-off, U - IN 0.03452 uUsD
! 02.49% hard coal mine operation | hard coal | cut-off, U - ReW 0.02973 usD
! 02.49% packaging box factory construction | packaging box factory | cut-off, U - ReW 0.02973 usD
! 02.29% yarn production, jute | yamn, jute | cut-off, U - RoW 0.02728 usD

Figure 3: Highest absolute & relative direct process contributions to LCC, source: openLCA 1.5

The analysis of the results revealed various reasons for the different hotspots regarding the selected sustainability aspects. Besides by significant absolute social, environ-
mental or economic risks themselves, the high contributions are also explained by the different impact calculation approaches. While life cycle costs are results of the
summed value added, and environmental impacts of emissions, scaled to the target amount, social impacts are additionally related to the processes™ working times.
Hence, risks of labour intensive activities are weighted stronger in final social impacts than others. That explains, e.g., why electricity production processes are less
relevant for most social impacts than for environmental ones. Similarly, eco-efficiency hotspots (environmental im-pacts per value added) (Goedkoop et al., 1999) could
be calculated probably providing new interesting perspectives.

4/ CONCLUSIONS

Ecoinvent-soca is the first complete database for LCSA allowing to assess the three elements of sustainability for the same product system independent from the type of
process connections. Revealing different social, environmental and cost hotspots, the analysis further highlights the importance of conducting LCSA in a single tool to
ensure the comparability of the impacts for one product system and the selection of the all relevant sustainability hotspots for mitiga-tion. Hence, despite its methodologi-
cal shortcomings, soca is a promising ad-vance for LCSA and a starting point for further developments in the field, e.g. the combination of the separate impacts into
overall sustainability indicators.
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ABSTRACT:

The expansion of international Life Cycle Inventory (LCI) databases containing processes from various regions of the world is an longstanding demand of the Life Cycle
Assessment (LCA) community. Managers of the main international databases also acknowledge this demand as they have been investing in making available more LCl
datasets of products from non-European countries, such as the case of Brazil. In addition, production of national databases not only provides data, but also promotes
LCA practice within the country. In this sense, a strategic partnership between ecoinvent, IBICT (the manager of the National Life Cycle Inventory Database - SICV Brasil),
EMBRAPA, CTBE, UTFPR, Espaco Eco Foundation, Agroscope and Quantis Sarl was created in the project called "Life Cycle Inventories of Brazilian agricultural products:
a contribution to the ecoinvent database - ICVAgroBR", supported by the "Sustainable Recycling Industries" Program - SRI. Within this project, several representative
datasets of important products of the Brazilian agribusiness will be provided to the ecoinvent and SICV databases, i.e. sugarcane, soybean, maize, mango, eucalyptus
and beef. The publication in these databases will deliver to the international community LCI datasets with a very good representation of the Brazilian productive processes.
This initiative also contributes to increase the reliability of the data, makes LCl more compatible and make possible to compare processes and products by complying
with an international methodological standard, while taking into account the specificities of the country.

Keywords:
Database, Inventory, LCA, LCI.

RESUMO:

A ampliagao dos bancos de dados internacionais de Inventarios de Ciclo de Vida (ICV), abrangendo processos de varias regioes do mundo, é uma antiga demanda da
comunidade de Avaliagao de Ciclo de Vida (ACV). Os gestores dos principais bancos de dados internacionais reconhecem isto e ha alguns anos vém investindo na
geracao e disponibilizagdo de datasets de ICV de produtos de paises nao europeus, como é o caso do Brasil. Adicionalmente, a criagdo de bancos de dados nacionais
nao so disponibiliza dados mas também promove a pratica da ACV no pais. Neste sentido, foi desenvolvida uma parceria estratégica entre ecoinvent, IBICT, gestor do
Banco Nacional de Inventarios de Ciclo de Vida — SICV Brasil, Embrapa, CTBE, UTFPR, Fundagdo Espago Eco, Agroscope e Quantis Sarl, no projeto “Inventdrios de Ciclo
de Vida de produtos agricolas brasileiros: uma contribuigao ao banco de dados ecoinvent - ICVAgroBR", apoiado pelo programa “Sustainable Recycling Industries” —
SRI. Com este projeto serdo fornecidos aos bancos de dados ecoinvent e SICV datasets de ICV representativos dos sistemas de produgao tipicos de importantes
produtos do agronegdcio brasileiro: cana-de-agucar, soja, milho, manga, eucalipto e carne bovina. A publicagao nesses bancos de dados é um meio de fazer chegar a
comunidade internacional datasets de ICV que representem fielmente 0s processos produtivos brasileiros. Esta iniciativa também contribui para a aumentar a credibilida-
de dos dados e a possibilidade de compatibilizar ICV e comparar processos e produtos, pelo atendimento a um padrdao metodoldgico internacional, mas que leva em




1/ INTRODUGAO

Os principais bancos de dados internacionais de inventarios de ciclo de vida estdo em continua ampliagéo e atualizagao. Esforgos tém sido empregados para que estes
bancos sejam cada vez mais completos, abrangendo datasets (conjuntos de dados) de diferentes paises. Dentre 0s bancos de dados internacionais de ICV, o ecoinvent
versdo 3 se destaca como 0 mais completo, contendo mais de 12800 ICV em muitas areas, como energia, materiais de construgao, produtos quimicos, produtos agrico-
las e florestais, biomateriais e biocombustiveis, transporte e tratamento de residuos.

Ha mais de dez anos, o ecoinvent iniciou um processo de internacionalizacéo, visando criar competéncias em outros paises para a criacao de datasets de qualidade e
representativos, a serem incorporados ao seu banco. A partir de 2010, com o desenvolvimento da versdo 3 do ecoinvent, essa acéo de internacionalizagao se intensifi-
cou. Foi aprovado o programa “Sustainable Recycling Industries” (SRI), financiado pelo “Swiss State Secretariat for Economic Affairs” (SECO), e implementado conjunta-
mente pelo “Swiss Institute for Materials & Technology”, pelo “World Resource Forum” e pelo ecoinvent, direcionado ao Brasil, India e Africa do Sul (ECOINVENT, 2017).
No ambito do programa SRI, em fevereiro de 2016 foi aberta a “Call for Tenders for Life Cycle Inventory (LCI) data collection, LCI dataset creation and submission to
ecoinvent”, na qual foi aprovado o projeto “Life Cycle Inventories of Brazilian agricultural products: a contribution to the ecoinvent database — ICVAgroBR”, coordenado
pela Empresa Brasileira de Pesquisa Agropecudria (EMBRAPA), o brago de pesquisa do Ministério da Agricultura, Pecudria e Abastecimento do Brasil, com a participagéo
de cinco outras instituigoes: Centro Nacional de Pesquisa em Energia e Materiais (CNPEM); Fundagao Espago Eco (FEE); Universidade Tecnoldgica Federal do Parana
(UTFPR), Swiss Confederation, representada pelo “Federal Office for Agriculture” (Agroscope) e Quantis Sarl.

Este projeto retine uma equipe multidisciplinar, que inclui especialistas em sistemas de producao agricola, florestal e pecudria de diferentes regioes do Brasil, assim como
especialistas nacionais e internacionais em ACV, qualificados para a coleta de dados de ICV, criagao, validagao, documentagdo e submissao de datasets no padréo do
ecoinvent v.3. Seu principal objetivo é fornecer ao ecoinvent datasets representativos dos sistemas de produgdo tipicos de alguns dos mais importantes produtos do
agronegacio brasileiro: cana-de-agucar, soja, milho, manga, eucalipto e bovinos de corte.

Uma vez publicado pelo ecoinvent, os datasets serdo também disponibilizados no Banco Nacional de Inventérios de Ciclo de Vida— SICV Brasil, criado e gerido pelo IBICT
(Instituto Brasileiro de Informag&o em Ciéncia e Tecnologia, vinculado ao Ministério da Ciéncia, Tecnologia, Inovagoes e Comunicagao) no ambito do Programa Brasileiro
de Avaliagdo do Ciclo de Vida (por meio das Comissées Técnicas de Banco de Dados e de inventérios). A oferta dos datasets deste projeto para o SICV Brasil serd uma
importante contribuigao para disseminar a ACV junto ao setor produtivo do pais.

2| METODO DE TRABALHO

Os datasets a serem publicados no SICV Brasil e no ecoinvent seguiram o padrdo de qualidade e metodologia indicados no “Guia QualiData” (IBICT, 2016), no “Overview
and Methodology: Data Quality Guideline for the ecoinvent Database Version 3” (WEIDEMA et al., 2013) e em documentos complementares (NEMECEK & SHNETZER,
2011; NEMECEK & KAGI 2007).

Para garantir a adogao deste padrdo metodoldgico, foram organizados treinamentos modulares, presenciais e remotos, envolvendo especialistas nos processos produti-
vos e na técnica de Avaliagao de Ciclo de Vida (ACV), sendo os principais temas “Elaboragao de datasets de ICV conforme ecoinvent v3”; “EcoEditor: edi¢ao e submissao
de datasets”; e “Mudanca de Uso da Terra segundo método do projeto WFLDB (SCHRYVER & LANSCHE, 2012), adotado pelo ecoinvent” (programado para margo de
2017).

Além disso, foram elaboradas planilhas “modelo”, desenvolvidas em Excel, preparadas para a organizacao dos fluxos de entrada, para o calculo dos fluxos de saida e
para a consolidagéo do inventério de processo, seguindo o padréo e validada pelo ecoinvent. Durante a elaboracdo dos datasets ocorre orientacdo técnica simultanea,
provida pelo ecoinvent de forma remota.

Antes da submisséo, os datasets sdo submetidos a uma rigorosa validacéo, realizada por especialista do Agroscope. Esta validagao tem quatro etapas principais,
compreendendo as andlises de: 1) dados de atividade/processo (com relagao a completeza e qualidade dos dados de produgao); 2) modelagem e calculos de emissao
(com relagdo aos pressupostos da modelagem, checagem de plausibilidade, completeza e relevancia dos modelos de emissao); 3) resultados de AICV; e 4) implemen-
tacao no ecoinvent (com relagdo a adequacéo ao guia de qualidade de dados do ecoinvent v3, completeza e corregao, fluxos de entrada e saida e propriedades destes
fluxos, e metadados). Para a submissao dos datasets ao ecoinvent serd usado o programa ecoEditor. Para a submissao ao SICV Brasil, serd usado o OpenLCA e
importagao direta por meio de interface web.

3| Resultados e Discussao

0 projeto em questdo corresponde a um grande esforgo de instituicoes de diferentes naturezas e propdsitos (instituicGes de pesquisa e académicas governamentais,
OSCIP e consultorias, brasileiras e internacionais), reunidas com o objetivo maior de promover a ACV no Brasil e de oferecer contribuigoes a comunidade internacional
de ACV.

Sua realizacao foi possivel em decorréncia de parcerias pré-existentes, proficuas, e pelo espirito de solidariedade da ainda incipiente comunidade brasileira de ACV. Todas
as instituicoes brasileiras ofereceram uma grande contrapartida em tempo de dedicagao ao projeto. Obviamente, o ecoinvent e o programa SRI foram os catalizadores
desta iniciativa, provendo apoio financeiro e técnico.

0 primeiro grande obstaculo a vencer para a viabilizagao deste projeto foi a burocracia. As instituicGes brasileiras, em particular as governamentais, tém estrutura juridica
pesada e morosa. Sendo muitas as instituigdes envolvidas, foram necessarios meses de negociagao para se chegar em um instrumento juridico de consenso.

0 projeto se iniciou com a realizacdo de treinamentos, que representaram oportunidades para a troca de experiéncias da equipe e para o compartilhamento de material
bibliografico e de apoio. Tanto os treinamentos quanto as reunioes técnicas, quando realizados presencialmente foram extremamente ricos e proveitosos; entretanto, 0s
eventos remotos foram prejudicados pela limitagdo tanto da ferramenta para reunioes virtuais quanto da rede de internet.

Estdo sendo elaborados datasets representativos dos sistemas de produgao tipicos de alguns dos mais importantes produtos do agronegacio brasileiro: cana-de-agucar,
soja, milho, eucalipto e bovinos de corte, além da manga, uma fruta tropical de exportagao.




Caracteristicas especificas da agricultura, silvicultura e pecudria brasileiras precisam ser consideradas na elaboracao dos datasets, requerendo adaptagoes: a) adogao
de um nivel de cobertura geografica regional (e nao nacional), considerando a dimensao continental do Brasil, coberto por sete diferentes biomas; b) ajuste de modelos
para estimacao de emissoes, tendo em conta algumas importantes caracteristicas dos solos (alta acidez, alto teor de aluminio e baixa fertilidade) e dos climas brasileiros
(elevadas precipitagoes em algumas areas e inverno ameno); c) inclusao do impacto de mudanga de uso da terra, ja que a fronteira agricola brasileira encontra-se ainda
em expansao; d) adogao de sistemas de produgao (sendo a pratica mais comum a sucessao de diferentes culturas, na mesma area, durante o ciclo agricola); e) adogao
da técnica de plantio direto; f) adogao de equipamentos de maior escala, com maior eficiéncia no consumo de combustivel, devido as dreas de produgao mais vastas.
0 respeito a estas especificidades garantira a representatividade dos datasets que estdo sendo construidos.

41 CONCLUSOES

Parcerias entre instituicoes de pesquisa e académicas governamentais, OSCIP e consultorias, brasileiras e internacionais, com apoio técnico do ecoinvent e apoio
financeiro do SRI/SECO, permitiram a viabilizagao da construgdo de datasets de alguns dos principais produtos do agronegdcio brasileiro, para publicacao nos bancos
de dados ecoinvent e SICV Brasil.

Publicar no banco de dados ecoinvent € um meio de fazer chegar @ comunidade internacional inventarios gerados para as condigoes brasileiras, melhor representando
0S seus processos produtivos. Dessa forma, a oferta dos datasets tanto para bancos de dados internacionais quanto para o SICV Brasil representa uma importante
contribuigdo para a disseminagao da ACV na comunidade brasileira.

A politica dos bancos de dados de ICV internacionais de fomento ao desenvolvimento de massa critica em paises onde a ACV é ainda incipiente pode ser entendida como
de interesse global e deve ser estimulada, preferencialmente em parceria com 0s gestores de bancos de dados nacionais.
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ABSTRACT:

In today’s highly competitive market, the selection of goods is based mostly on economic analysis such as volume discount or cost-benefit analysis. However, in the new
eco-friendly business environment, selection is no longer based solely on those factors. More and more businesses and services are now taking the environmental
impacts of their purchases into account as part of their environmental declaration. The aim of this paper is to report the results of a comparison of two types of chairs
(wood & aluminum) for use in the food court of a shopping center in Salvador Bahia, Brazil. A case study approach is used. Life Cycle Assessment (LCA) is used to quanti-
fy the environmental impacts associated with the chairs throughout their life cycle. ILCD 2011 was chosen for assessing and comparing the impacts between the options.
Software Stan® was used to characterize and balance the production line of the wooden Chair. Software Simapro® was used to run the LCA of each chair. The results
gave an insight of the different tradeoffs when choosing one option over the other. Finally, a discussion regarding the interpretation of impacts and the importance of
eco-labeling is made to motivate future works in the field.

Keywords:
LCA, Wooden furniture; Aluminum furniture; Eco-labeling; ILCD 2011

RESUMEN:

En el mercado altamente competitivo de hoy en dia, la seleccion de bienes se basa principalmente en analisis economicos como los descuentos por volumen o el analisis
de costo-beneficio. Sin embargo, en el nuevo entorno empresarial ecoldgico, la seleccion no puede basarse unicamente en esos factores. Cada vez mas empresas y
servicios estan tomando en cuenta los impactos ambientales de sus compras como parte de su declaracion ambiental. El objetivo de este trabajo es informar sobre los
resultados de una comparacion de dos tipos de sillas (madera y aluminio) a ser compradas para el drea de restaurantes de un centro comercial en Salvador de Bahia,
Brasil. Es utilizado un enfoque de estudio de caso. El Andlisis del Ciclo de Vida (ACV) es utilizado para cuantificar los impactos ambientales asociados con las sillas a lo
largo de su ciclo de vida. Fue escogido el método ILCD 2011 para evaluar y comparar los impactos entre las opciones. El Software Stan® fue utilizado para caracterizar
y equilibrar Ia linea de produccion de la silla de madera. El Software Simapro® se utilizd para ejecutar la ACV de cada silla. Los resultados obtenidos ofrecen una idea de
las diferentes compensaciones ambientales al elegir una opcion sobre la otra. Por tltimo, se hace una discusion sobre la interpretacion de los impactos y la importancia
de las etiquetas ecologicas para motivar futuros trabajos en el campo.

Palabras clave:
ACV, Silla de madera; Silla de Aluminio; Etiqueta ecoldgicas; ILCD 2011

Palavras chave:
ACV, cadeira de madeira, cadeira de aluminio, rotulagem ambiental, ILCD 2011




1/ INTRODUCCION

Globalization has made it possible to get products and services from practically every part of the globe. The business environment in today’s highly competitive market
usually turns the selection of goods into an economic issue, where cost-benefit analysis and volume discount are among the most popular decision-making tools used.
Consumers want higher quality, faster delivery as well as products tailored to their needs at a lower total cost (Monczka, et al., 2015). However, in the new eco-friendly
business environment this selection is no longer based solely on those factors. Regardless the fact that there are still companies who believe that the more environmentally
friendly they become the less competitive they are (Giuniperoa, et al., 2012), more and more businesses and services are now taking the environmental impacts of their
purchases into consideration.

However, the issue of sustainability in purchasing is not an easy task when there is lack of information regarding the environmental impacts of the products to be
purchased. Besides this, the market for environmentally friendly products is asymmetric regarding information, making it difficult to identify environmental performance
before purchasing (Heinzle, et al., 2012).

Unfortunately, few products have embraced the environmental declarations and eco-labeling as part of their strategic. In Brazil, despite the relatively little LCA research,
there are clear efforts to increase their use. The Brazilian Program for Life Cycle Assessment (PBACV in Portuguese) is aimed to straighten the methodology as well as
sensitize the private and public sector over the perspective of life cycle. (INMETRO, 2015) and as for the framework, Brazil has developed their own norm: NBR I1SO 14025
(ABNT, 2015), to make it easier to use.

1.1. Furniture industry in Brazil

The environmental impacts for goods such as furniture have been rarely reported in Brazil. The furniture production reached nearly 430 Million of goods in 2015 with a
value of R$51.5 Billion (US$ 16.54 Billion), employing nearly 274,500 people. (Guinski, 2016). Despite the size of such market, the research in the field is relatively small,
and there is an increasing need to consider the environmental factors to evaluate the best purchase that meets either economic and environmental requirements.
Research carried out by Rapdso (2014) indicates a relatively small amount of research related to furniture and sustainability in Brazil: in a literature research made between
2000-2012, only 47 publications were found: 9 theses and 38 papers / monographies. Less than 11% were international research publications.

The furniture industry in Brazil is characterized by the multiplicity of material and technologies applied to the productive sectors that compose it (Raposo, 2014). A
research document presented by DEPEC-Bradesco (Department of Research and Economic Studies-Bradesco) claims that most of the furniture made in Brazil is for the
internal market (96%) where home furniture represents more than 2/3 of such markets. The same report claims that 84.5% of the furniture is wooden made, 8.8% is metal
and 4.4% other materials. Therefore, wooden furniture is the most important material for either home and office furniture purchased in Brazil followed by metal furniture.
Is in this context that a Shopping center located in the city of Salvador de Bahia, Brazil faces a dilemma: Choosing the best option for their indoor food court is now a
matter of choosing not only the best price, but a combination of best looking, more resilient and more environmentally friendly products.

1.2. Wood and Aluminum process

For the study, a eucalyptus chair was selected as the wooden chair due its availability. In Brazil, the eucalyptus industry has extended using degraded pasture lands. The
general process initiates with the seeding process, where the best species are selected per the climate/soil conditions. Then there is a maintenance time where growing
and fertilizing take place. The harvesting and sawing are the next process, usually taking place nearby the forest plantation. The wood planks are then dried in kilns per
species and technology available. The final plank is then displaced up to 650 Km from the city of Eunapolis to Salvador de Bahia, where the workshop is located. Final
product can then be delivered to the client.

Regarding the Aluminum industry, the location of the bauxite (mineral base for aluminum) is nearby the surface. Due that reason, it is needed up to 1m2 of land per Ton
of bauxite (Bolowich, 2016). At the same time, Brazilian law requires rehabilitation of natural conditions of all mining process after the mining is finished. Therefore, the
mining must restore the land to a state that can deliver ecosystem services and natural conditions. The bauxite is then processed into Alumina smelting in a process called
electrolysis. High amounts of energy are required during this process. At the end of this process, aluminum ingots are ready to be processed into deferments products,
such as extruded tubes, the main raw material for the aluminum chair.

1.3. Goal and Scope

The objective of this paper is to report the results of a comparison of two types of chairs (Wood / Aluminum) to be used in the indoor food court of a shopping center in
Salvador Bahia, Brazil. The study comprises the following key issues: (1) literature review for the raw material production process (2) data gathering for Life Cycle
Inventory of wood / Aluminum chairs (3) Assessment of Life Cycle Inventory Impacts using ILCD 2011 as assessment method (4) comparison of results obtained (5)
evaluation and discussion. The approach used was “cradle to gate”, considering the goods been delivered to the shopping center to be used. Rather than simply using
the inventory values presented in the databases, a more in deep approach was chosen. Using detailed information of the raw materials production to include a more
regionalized result that considers the Brazilian reality, it was possible to include factors such as type of materials, real distances from plantation or mines, the Brazilian
electricity grid and other minor factors that the very actual production process is currently using.




2| METHODS

Life Cycle Assessment (LCA) is used as scientific method to quantify the environmental impact of each type of chair. This study complies partially with ISO 14044 (2006)
due to the need to use allocation to distribute resource use such as wood and energy. A simple resource usage approach is also used to contrast the conclusions derived
by using such type of approach.

2.1. System Boundaries

To perform the comparison between the two types of chairs, a cradle to gate approach was used. Figure 1 and 2 show the simplified flow diagram of the life cycle of each
type of chair. Since both processes involve the manufacturing of different products and byproducts, allocation of mass was required to represent an accurate consumption

of resources.
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Figure 1: Simplified life cycle diagram for the aluminum chair. Adapted from The Aluminum Association (2013) and the Authors (2017)
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Figure 2: Simplified life cycle diagram for the wooden chair. From Authors (2017)
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2.2. Functional Unit

Although the two types of chairs accomplish the same function, they have a different expected lifetime, different amount of material and different densities. Therefore, the
functional unit used in this study was focused on the service both products provide until the next renovation of the area. It has been calculated approx. 10,000 hours of
services of the chairs in the food court of a shopping center. (9 hours per day during 360 days for approximately 3 years). The base scenario is that during the 3 years,
an aluminum chair would be replaced once, meanwhile one single wooden chair could stand the three years under normal usage conditions. This means 2 aluminum chair
per one wooden chair.

2.3. Material Balances

One of the major changes for this work was the data gathering. The data included published literature such as The Environmental footprint of semi finished Aluminum
Products in North América (2013) and the Life cycle assessment of rough-sawn kiln-dried hardwood lumber (2012) as source for the detailed processes. Other data was
obtained directly from the source such as the wood chair process. To diminish the uncertainty, the software Stan® was used to conciliate the values of material of the
pieces obtained by weighting.

2.4. Impact Assessment

The impact assessment Method used was ILCD 2011 due to its combination of methods and easy interpretation of the values that express the total environmental load of
a product or process.

3/ RESULTS AND DISCUSSION.

The results of the study show some important remarks as well as some advantages and disadvantages of one option over the other.

3.1. Resource usage approach.Method

The first analysis made was using a resource usage approach. The focus is on describing the most efficient use of resources and materials. Since both the wood and the
aluminum requires the use of land either for eucalyptus harvesting or for bauxite mining, it is then presented a comparison of both products using one hectare of land
(10,000 m2). The first comparison is regarding volume of material and land used for each type of chair based on their material. It is noted that the wooden chair weights
3.3 times more than the final aluminum chair (table 2). Also, the material loss in the production of the wooden chair is up to 46% (from dried wood planks to wooden
chair), meanwhile the aluminum chair has just 4% loss of material during manufacturing.

Based on the experience of shopping center personnel on the same kind of chairs.

Material Final Chair (Kg) Raw Material (Kg)
Wooden Chair 6.4527 11.9794
Aluminum Chair  1.9580 2.0190

Table 2: wooden & Aluminum mass comparison. From Authors (2017).

Regarding the land used for each base material, the data shows a remarkable difference in production yield. If all the material extracted were used to produce both types
of chair, it could be produced 118 times more aluminum chair than wooden chair as stated in Table 3.




Wood Aluminum
Land Use 1 Ha Land Use 1 Ha
Stand Tree wood 291.60 Ton Bauxite 10,000.00 Ton
Harvested Round
logs 148.50 Ton Alumina 3,471.02 Ton
Lumber Planks 76.03 Ton Aluminum Ingot 1,776.36  Ton
Dried plank 69.12 Ton Extruded Aluminum 1,378.10 Ton
Wooden Chairs 5,770 Chairs Aluminum Chairs 682,573 Chairs

Table 3: Comparison of production quantities per one hectare of land. Adapted from (The Aluminum Association, 2013),
(AHEC, 2012) and from Authors (2017)

The result of the production approach suggests some clear advantages of the aluminum chair over the wooden chair. Not only is possible to produce more goods from
one hectare of land, but also the final product shows a better yield during the manufacturing process. The light weight of the aluminum chair makes it more suitable for
transport from the manufacturing facility to the clients.

3.2. Environmental impacts approach.thod

An environmental impact approach was made using LCA. A functional unit of 3 years of services is then used as the comparison means.

In general, both the aluminum chair and the wooden have their biggest burdens during the raw material acquisition (mining aluminum or harvesting the round logs). As
for the environmental impacts the table 4 resumes the results of the functional unit comparison:

Based on the wooden and aluminum chair of the case of study.

Aluminum Wooden
Impact Category Unit Chair Chair
Climate change kg CO2 eq 31.48678588 - 6.17324253
kg CFC-11
Ozone depletion eq 0.00001393 0.00000093
Human toxicity, non-cancer
effects CTUh 0.00000485 0.00000148
Human toxicity, cancer effects ~ CTUh 0.00000104 0.00000100
Particulate matter kg PM2.5 eq 0.02218390 0.00359517
lonizing radiation HH kBq U235 eq 6.76918034 0.36434059
lonizing radiation E (interim) CTUe 0.00003953 0.00000133
kg NMVOC

Photochemical ozone formation eq 0.12517186 0.02751874
Acidification molc H+ eq 0.25988686 0.03869218
Terrestrial eutrophication molc N eq 0.32177701 0.10179950
Freshwater eutrophication kg P eq 0.00545089 0.00123919
Marine eutrophication kg N eq 0.03088574 0.00937246
Freshwater ecotoxicity CTUe 147.71354549 91.61975211
Land use kg C deficit 978.81171478 - 16.42770243
Water resource depletion m3 water eq 1.10753082 0.00579658
Mineral, fossil & ren resource
depletion kg Sb eq 0.00036799 0.00027689

Table 4: Characterization of the functional unit of aluminum/wooden chair using LCA ILCD 2011
Miapoint V1.08. From Authors (2017)




In this case, the wooden chair present advantages in all categories, with a remarkable negative value (credit) on the environmental impact of climate change and land use.
The value of Clime Change potential shown for the two aluminum chairs is expected since the Aluminum has been reported to have an average of 16.5 Kg of CO2 Eq. per
Kg of material (Jégourel, et al., 2015). Other authors claim that the media is lower, such as 9.7 Kg of CO2 Eq. per Kg of aluminum. In Brazil, it has been reported 4.2 Kg
of CO2 Eq. per Kg of aluminum. (ABAL; CNI; DIRET, 2012) This study reported 31.49 Kg of CO2 Eq. for two chairs of 1.96kg mass. This means a unit value of 8.03 Kg
of CO2 Eq. per Kg of aluminum. In the other hand, the negative (credit) value in the Climate change impact factor was also expected since the wood is known as a carbon
Sink. Having a mass of 6.45 Kg, the wood accounting in the chair should store up to 11.1 Kg of CO2 Eq. Due the different production process, such value is then stated
as 6.17 of CO2 Eq.

In the case of the land use, the values are also expected when considering the process of land occupation for mineral extraction site for the aluminum, whose characteriza-
tion factor is up to 7500 Kg de C def per m2a. In the other hand, the land use of the wood includes a transformation from pasture and arable whose characterization factor
is up to-125 Kg de C def per m2a. (credit). As for the rest of factors, the Fig 3 present the comparison:
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Figure 3: Characterization of impacts. Wooden and aluminum chair. From Authors (2017)

4/ CONCLUSIONS.

The study presents the comparison of the environmental impacts of two different chairs to be used for 3 years in a shopping center in Salvador de Bahia, Brazil. The resour-
ce usage approach suggested remarkable advantages in the aluminum chair. In the other hand, when performing an environmental approach the result is different. The
aluminum chair has in general biggest burdens and impacts due the energy intensity of the mining and aluminum production, as well as during the land use when conside-
ring environmental impacts. Given such scenario, it is then considered that choosing the wooden chair will become a more environmentally friendly purchase.

The results comply partially with ISO 14044 due to the allocation made during the production of the wood planks. The results are also referenced to the case of study in
Salvador de Bahia, Brazil, since the distances measured from either the wood sources and the bauxite mines.

The study also demonstrates the high importance of knowing the environmental impacts of products when deciding between different alternatives of products. Even
though a plain comparison of environmental impacts cannot be deduced from the direct reading of impacts of products in a simple label (due to the need of having a
suitable functional unit), it is indeed agreed that having in hand such information could give more accurate purchase when taking in count the environment.

LCA has been proven to be an excellent method for assessing the environmental impacts of alternative products that perform the same service.
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RESUMEN:

Para la exhibicion de alimentos carnicos en ambientes frios se utiliza actualmente una bandeja de polipropileno (PP). Este trabajo busca evaluar el desemperio de un
plastico elaborado a partir de &cido polilactico (PLA) como materia prima alternativa para reemplazar el PP, El andlisis fue realizado con base en las normas 1SO 14044
y 14040y sus limites se establecen de la cuna a la tumba. El modelo se desarroll¢ utilizando datos primarios de produccion de bandeja y datos secundarios de Ecoinvent.
La modelacion de impactos se realizo utilizando el Software Umberto NXT LCA y los métodos de evaluacion empleados fueron ReCiPe End point y CML 2001, el primero
buscando conocer el impacto total sobre el ambiente y el segundo con el fin de obtener cada una de las huellas ambientales asociadas. Las etapas de manufactura,
distribucion, uso y disposicion fueron modeladas con informacion primaria.

A pesar de que el PLA es una material obtenido a partir de una fuente natural y renovable, y que es degradable al final de su vida til, se concluy6 que esta opcion tiene
mayor impacto ambiental que la bandeja en PP en15 de 15 categorias de impacto analizadas

Palabras claves: ,
Bandeja, Analisis de Ciclo de Vida (ACV), Polipropileno (PP) Acido Polilactico (PLA), Umberto NXT LCA.

ABSTRACT:

For the exhibition of meat products in cold environments a polypropylene (PP) tray is actually used. This work evaluates the performance of a plastic made form Polylactic
Acid (PLA) as a raw material alternative to replace the PP. The analysis was made based on the ISO 14044 y 14040 norms and the system boundaries are established
form cradle to grave. The model was developed using primary data from the tray production and secondary data from Ecoinvent. The modelling of impacts was carried
using the Software Umberto NXT LCA and the evaluation methods employed were ReCiPe End point and CML 2001, the first one with the intention of identifying the total
impact on the environment and the second one to obtain each one of the associated environmental footprints. The manufacturing, distribution, use and disposal stages
were modeled with primary information.

Even though PLA is a material obtained from a natural and renewable source, and that it is degradable by the end of its useful life, it was concluded that this option has a
larger environmental impact than the PP tray in 15 of the 15 impact categories analyzed.

Keywords:
Tray, Life cycle assessment, (LCA), Polypropylene, Polylactic Acid, Umberto NXT LCA
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ABSTRACT:

Composite materials (CM) are used in the automotive, construction, electrical and packaging industries. The suitability for using two or more components to produce
materials with hybrid properties such as high mechanical strength and lightweight have driven their market growth in recent years. The CM main ingredients are the plastic
matrix and the filling. Both biopolymers and natural fibers belong to CM category and in this case, the product are denominated as biocomposite material (BM). According
to our literature review of recent publications on BM, there was found a high emphasis on its technical performance. Some investigations analyze environmental aspects
and very few consider the economic and social implications related to their production. Life cycle assessment (LCA) and other environmental evaluation tools have been
proposed to fulfill the sustainable development requirements in the design and characterization of BM. Moreover, to date there is no methodology for integrating the techni-
cal, environmental, economic and social dimensions for MB design. This work describes a sustainable development methodology that integrates these four dimensions,
evaluating each of them with quantifiable parameters (e.g. mechanical properties, LCA, life cycle cost and recyclability), facilitating the selection of MB components. This
procedure will optimize technical and economic performance and enhance environmental and social benefits. As a case study, preliminary results of its application are
presented in BM made with lignocellulosic residues in polymer/biopolymer hybrid matrices.

Keywords:
Sustainable development; Biocomposite materials; Methodology.

RESUMEN:

Los materiales compuestos (MC) son usados en la industria automotriz, construccion, eléctrica y de empaques. Su mercado ha crecido en los Gltimos afios, porque
pueden obtenerse materiales con propiedades hibridas al conjugar dos 0 mas componentes, por ejemplo, alta resistencia mecanica y bajo peso. Sus ingredientes
principales son la matriz plastica y el relleno. Tanto los biopolimeros como las fibras naturales se han incluido en los MC y en este caso, el producto se conoce como
material biocompuesto (MB). Segln una revision de publicaciones recientes sobre MB se evidenci6 un fuerte énfasis en su desempefio técnico. Algunas investigaciones
analizan aspectos ambientales y muy pocas consideran las implicaciones econémicas y sociales relacionadas con su produccion. Con el desarrollo sostenible han
surgido metodologias de disefio y caracterizacion de productos, que incluyen evaluacion ambiental, como el analisis del ciclo de vida (ACV). Ademas, hasta el momento
no se ha encontrado una metodologia que evalle integralmente las dimensiones técnicas, ambientales, econdmicas y sociales para el disefio de MB. En este trabajo se
describe una metodologia de desarrollo sostenible que integra las cuatro dimensiones, evaluando cada una de ellas con parametros cuantificables (por ejemplo, propie-
dades mecanicas, ACV, costo de ciclo de vida y reciclabilidad), facilitando la seleccion de componentes de los MB. Asi se podra optimizar el rendimiento técnico y econo-
mico y potencializar los beneficios ambientales y sociales. Como caso de estudios se exponen resultados preliminares de su aplicacion en los MB fabricados con
residuos lignoceluldsicos en matrices hibridas polimero/biopolimero.

Palabras clave:
Desarrollo sostenible; Materiales biocompuestos; Metodologia.




11 INTRODUCCION

El diserio o rediseno de nuevos productos, entre ellos los nuevos materiales, se focalizan principalmente en obtener mejores propiedades técnicas a bajo costo (Prendevi-
lle et al. 2014). Sin embargo, los acuerdos en torno al desarrollo sostenible han llevado a considerar aspectos ambientales, sociales y otros intangibles (Ogunkah y Yang
2012). El disefo sostenible ha surgido como una metodologia que integra diferentes aspectos del disefio muchas veces en competencia como el desarrollo econémico
y la preservacion del medio ambiente (Knight y Jenkins 2009).

Los materiales biocompuestos (MB) se han desarrollado como una alternativa al uso de polimeros de origen petroquimico (Torres-Huerta et al. 2014) debido principal-
mente a su caracteristica biodegradable. Sin embargo, el reemplazo parcial o total, ain requiere superar problemas de investigacion, técnicos, econdmicos y experimenta-
les (Gupta 2014; Xu et al. 2015). Los MB se componen de una matriz polimérica o biopolimérica y un refuerzo de fibras naturales. La integracion de diferentes dimensio-
nes sigue siendo un reto metodoldgico, mas cuando se aplica a materiales complejos como MB (Zhao et al. 2016).

En este estudio se propone una metodologia que integra las dimensiones técnicas, econdmicas, ambientales y sociales para la evaluacion de MB. Cada dimension es
descrita, evaluada individualmente para seleccionar la opcion mas viable. Los resultados obtenidos corresponden a datos preliminares del estudio.

2| METODOLOGIA

La Figura 1 muestra la metodologia propuesta, basada en investigaciones previas de Ribeiro et al. 2008 y Carvalho et al. 2016.
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Figura 1 Metodologia para la evaluacion de MB.

Los MB son caracterizados de acuerdo a parametros establecidos de cada dimension. Para comparar los dos materiales los valores son adimesionalizados y ponderados.
Cada dimension es ponderada y se obtiene un indicador cuantitativo.

a. Evaluacion técnica
La evaluacion técnica se refiere principalmente a las propiedades mecanicas, quimicas y/o fisicas que los materiales deben cumplir para alcanzar los requerimientos

técnicos del producto. Primero se identifican los requerimientos y su importancia relativa. Después, las propiedades de los materiales son correlacionadas con los pesos
a través de una matriz de indices.

b. Evaluacion econdmica
El costo del ciclo de vida es una recopilacion y evaluacion de todos los costos relacionados con un producto, a lo largo de todo su ciclo de vida, desde la produccion
hasta el uso, mantenimiento y eliminacion (Benoit y Programme 2010). Los costos estimados en este documento se basan principalmente en valores obtenidos de la

produccion de los prototipos a nivel de laboratorio.




c.Evaluacion ambiental
Esta dimension se calcula mediante el ACV cradle-to-manufacture para el material biocompuesto de acuerdo a la metodologia de las normas ISO 14040 y 14044 con el

software SimaPro 8.3. En este estudio se consideran 8 categorias de impactos ambientales: agotamiento abidtico (A), potencial de acidificacion (B), potencial de eutrofi-
zacion (C), potencial de calentamiento global (D), toxicidad humana potencial (E), potencial de ecotoxicidad acudtica de agua dulce (F), potencial de ecotoxicidad terrestre

(G) y demanda energética acumulativa (H).

d. Evaluacion social
El caso de usar fibras naturales extraidas a partir de residuos, puede generar fuentes de ingresos para las comunidades de agricultores y contribuir a la sostenibilidad y

progreso de las regiones (Luz et al. 2010). Para su medicion se tuvieron en cuenta categorias y subcategorias relacionadas con las metas del desarrollo sostenible
(Sutherland et al. 2016). Para este estudio se incluyeron dos stakeholders: los pequerios agricultores y la sociedad.

3| RESULTADOS Y DISCUSION

Como caso de estudio se elaboraron prototipos de estudio MB a partir de una bioresina epoxica y fibras naturales extraidas del seudotallo de platano. La unidad funcional
de estudio fue un tablero de dimensiones 0,5 mX 0,01 mX 0,5 my se realizaron dos mezclas fibra:resina de 1:99 y 10:90. Las tablas 1, 2, 3 y 4 muestran los resultados
obtenidos de las mediciones de los dos materiales. Tales datos fueron ponderados mediante andlisis multicriterio, maximizando las dimensiones técnicas y sociales y
minimizando las economicas y ambientales. El método utilizado es el de la entropia con un criterio minimo, por lo tanto, al final se escoge la opcion de los MB evaluados

de menor valor.

Tabla 1. Evaluacion Técnica Tabla 2. Evaluacion Econémica
10//90 | 1/199 10//90 1//199
Resistenciaala | Mpa 8,96 | 16,79 Materiales $73.255 $73.422
compresion Adim. | 53,4% [100,0% Proceso $8.000 $8.000
Médulo de Young | gp, 145 | 305 Costo total | $81.255 $81.422
Adim. | 47,5% | 100,0%
Tenacidad Kj/m?2 056 | 1,14
Adim. 491% |100,0% | Tabla 4. Evaluacion Ambiental
Densidad Vgr/lem® [ 0,53 0,58 10//90 1//99
Adim.  [100,0% | 91,4% | [A]kg SB eq 5,93,E-04 | 1,00 | 6,61E-05 | 0,11
62,5% | 97,8% | |B |kg SOz2eq | 3,36,E-02 | 1,00 | 3,34E-02 | 0,99
Tabla 3. Evaluacion Social C | kg PO* 9,09,E-03 | 1,00 | 9,06E-03 | 1,00
10/90 | 1/99 | [D[kg COz2eq [5,40,E+00]| 1,00 |5,36E+00 [ 0,99
Fibra ar 0,15 | 0,01 E | kg 1.4 DBeq | 7,31,E-01 | 1,00 | 7,17E-01 | 0,98
recuperadalplanta [ pgim, 1,00 | 0,09 | |F|kg1.4DBeq|9,49,E-02 | 1,00 | 8,78E-02 [ 0,93
Costo $ 232,0 | 21,2 | |G|kg 1.4 DBeq | 2,99,E-01 | 1,00 | 3,00E-01 | 1,00
adicional/racimo  ['adjim. 1,00 | 009 | [H]mJ 1,29,E+00] 1,00 | 1,20E-01 | 0,09
1,00 | 0,09 100% 76%

El aspecto técnico considerd 4 propiedades a las que se les asigno la misma importancia. EI MB con el 1% de fibra fue el que presenta mejores propiedades técnicas y
ambientales. En el primer caso, se debi6 posiblemente al aumento de los puntos de propagacion de grietas en el material, por inclusion de la fibra; en el segundo, porque
la bioresina es ambientalmente mas amigable que sus contrapartes petroquimicas. EI MB con el 10% de fibra presenta mejores caracteristicas econoémicas y sociales.
Aunque, el costo de la fibra es menor al de la bioresina, se pueden lograr ingresos adicionales para los agricultores, cuando se usa en una mayor cantidad material

desechado.
Tabla 5. Datos de los 2 Tabla 6. Calificacion de los 2 MB suma
MB ponderada
MB Eco Amb | Téc | Soc Prov. Eco Amb Téc Soc
10//90 | $81.255 | 100 | 0,63 | 100 | |10//90 0,50 0,57 0,61 0,08 | 0,12
1//99 | $81.422 | 76 |0,98| 9,14 | |1//199 0,50 0,43 0,39 | 0,92 [ 0,88
Crit. Min Min | Max | Max Sum. 1,00 1,00 1,00 1,00 1,00
w 0,00 0,02 0,06 | 0,92




4| CONCLUSIONES

En este estudio se describid una metodologia para el desarrollo sostenible de materiales biocompuestos (MB). La metodologia integra cuatro dimensiones para la
seleccion de mezclas de MB, mediante el analisis multicriterio de entropia. Un caso de estudio de seleccion de MB con diferentes proporciones de fibras extraidas del
seudotallo de platano y una bioresina fue presentado. EI MB con mayor cantidad de fibra fue el material seleccionado. La evaluacion integral brindara caracteristicas para
ser mas facilmente comparados con diferentes materiales comerciales.
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RESUMO:

0 presente estudo visa analisar os parametros de Programas de Rotulagem Ambiental com vistas a sistematizar seus dados e informagoes, facilitando a tomada de
decisdes no processo de design. Baseia-se em trabalhos anteriores que demonstram a importancia da abordagem do pensamento de ciclo de vida atualmente na pratica
do design, bem como a necessidade de metas quantitativas para que objetivos ambientais sejam atingidos. O método adotado esta fundamentado na aplicagao da
ferramenta Parametros Ambientais para Ecodesign (PAE), que visa facilitar e otimizar a utilizagao de critérios e pardmetros de rotulagens ambientais como referéncia para
0 design de produtos, mesmo que a obtengdo do ecoselo ndo seja o objetivo da empresa. Isso é possivel para categorias de produtos, materiais e processos, na tentativa
de tornar mais acessiveis 0s parametros e metas ambientais do produto, especialmente para microempresas e pequenas empresas (MPEs). Primeiramente, foram
analisados os sectores de producao mais importantes em Minas Gerais, Brasil, para se decidir sobre qual categoria de produto estudar. Em segundo lugar, todos o0s
programas de rotulagem ambiental membros do Global Ecolabelling Network foram analisados a fim de se aplicar a ferramenta PAE. O resultado traz a aplicagdo da
ferramenta PAE para a categoria de produtos em metal. Este estudo analisa quatro programas que possuem procedimentos de certificagao especificos para produtos em
metal: ABNT-Ambiental, Environmental Choice Nova Zelandia, Ecolabelling dos Paises Nordicos e Ecolabelling da Republica Checa. O estudo faz parte de uma pesquisa
mais ampla que visa desenvolver uma plataforma digital para fornecer pardmetros ambientais em diversas categorias de produtos (definido até agora para produtos em
madeira, papel e metal). Concluindo, os estudos tém demonstrado que a rotulagem ambiental pode ser uma fonte para o processo de design, aplicando a ferramenta PAE
para traduzir as complexas diretrizes dos ecoselos e facilitar o acesso, especialmente para MPEs.

Palavras-chave:
Ecodesign; Design de produto; Rotulagem Tipo-1; Programas de Rotulagem Ambiental; MPEs.

ABSTRACT:

The present study seeks to analyse the quantitative and qualitative parameters, based on the life cycle, of Environmental Labelling programs in an attempt to systematise
these data and information, in turn facilitating the decisions made in the design process. The study is based on prior works that demonstrate the importance of a life cycle
thinking approach in current design tasks as well as the need for quantitative targets to achieve environmental goals. The method employed is founded on the application
of the Environmental Parameters for Ecodesign (EPE) tool, which seeks to both facilitate and optimise the use of ecolabel criteria and parameters as references for product
design, even if obtaining ecolabels is not the core aim of a company. This is possible for product categories, materials and processes, in an attempt to make the product
environmental parameters and targets more accessible, especially to microenterprises and small businesses (MSESs). Firstly, it has been analysed the most important
production sectors at Minas Gerais State, Brazil, to decide which product category to study. Secondly, all environmental labelling programs from the Global Ecolabelling
Network have been studied to apply the EPE tool. The result shows the application of EPE tool for the category of products made on metals. This study analyses four
programs which have specific certification procedures for products made on metals: ABNT-Ecolabel, Environmental Choice New Zealand, Nordic Ecolabelling and the
Ecolabelling from Czech Republic. The study is part of wider research that aims to develop a digital platform to provide environmental parameters for divers product
categories (defined so far for wood, paper and metal products). In conclusion, the studies have shown that environmental labelling can be a source for design process
by applying EPE tool in order to translate the complex ecolabels guidelines and facilitate the access, especially by MSEs.
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Ecodesign; Product design; Type 1 Ecolabelling; Environmental Labelling Programs; MSEs.

RESUMEN:

El articulo presenta un estudio para analizar los parametros cuantitativos y cualitativos, basados en el ciclo de vida, de Programas de Etiquetado Ambiental con el fin de
sistematizar los datos y la informacion, facilitando la toma de decisiones en el proceso de disefo. El estudio se baso en trabajos anteriores que demuestran la importancia
del enfoque del pensamiento del ciclo de vida en la practica del diseno actual, y la necesidad de metas cuantitativas para que se realicen los objetivos medioambientales.
El método se baso en la aplicacion de la herramienta Parametros Ambientales para el Ecodisefio (PAE) que tiene como obijetivo facilitar y optimizar el uso de los criterios
y parametros de etiquetas ambientales como referencias para el disefio de productos, incluso si la obtencion de la etiqueta no es el objetivo central de la empresa. Esto
es posible para las categorias de productos, materiales y procesos, en un intento de hacer que los parametros y objetivos ambientales del producto sean mas accesibles,
especialmente para las micro y pequefas empresas (MYPE). En primer lugar, los sectores de produccion mas importantes fueron analizados en el Estado Minas Gerais,
Brasil, para decidir qué categoria de productos estudiar. En segundo lugar, se analizaron los programas de etiquetado ambiental miembros del Global Ecolabelling Network
con el fin de aplicar la herramienta PAE. El resultado trae la implementacion de la herramienta PAE para la categoria de productos de metal. Este estudio examina cuatro
programas que tienen procedimientos especificos de certificacion para productos de metal: ABNT-Ecolabel, Environmental Choice Nueva Zelanda, Etiquetado Ambiental
de los paises nordicos y Etiquetado Ambiental de la Republica Checa. El estudio es parte de una investigacion mas amplia destinada a desarrollar una plataforma digital
para proporcionar parametros ambientales en diversas categorias de productos (hasta ahora fijado para productos de madera, papel y metal). En conclusion, los estudios
han demostrado que el etiquetado ambiental puede ser una fuente para el proceso de disefo, desde la aplicacion de la herramienta PAE para traducir las complejas directri-
ces de las etiquetas y facilitar el acceso, especialmente para las MYPE.

Palabras clave:
Ecodiserio; Disefio del producto; Etiquetado de tipo-1; Programas de Etiquetado Ambiental; MYPE.

1/ INTRODUGAO

Na ultima década, estudos tém mostrado que, atualmente e cada vez mais, a pratica do ecodesign necessita de parametros especificos, sobretudo quantitativos, capazes
de garantir que metas ambientais possam ser alcangadas (ALBINO et al., 2009; ASKHAM et al., 2012; CHANG et al., 2014; HAUSCHILD et al., 2005; HOUE e GRABOT,
2009; PARK et al., 2006; SANYE-MENGUAL et al., 2014; SOUSA e WALLACE, 2006).

Critérios apresentados em rotulagens ambientais (ecoselos) se apresentam como fonte de indicadores quantitativos, e também de prescri¢oes qualitativas, que podem
ser usados como referéncia para ecodesign.

Nesse sentido, a ferramenta PAE - Pardmetros Ambientais para Ecodesign é proposta por Pereira e Soares (2016), tendo como referéncia a andlise dos Programas de
Rotulagem Ambiental, isto é, a rotulagem do tipo I. Seu objetivo é sistematizar os dados e informagoes fornecidas pelos procedimentos apresentados pelos Programas
de Rotulagens Ambientais, e disponibiliza-los, facilitando a tomada de decisdo no processo de design, e dirigindo especial olhar para micro e pequenas empresas
(MPEs).

2| METODOLOGIA

A metodologia adotada compreendeu duas fases. Primeiramente, foi realizado um estudo sobre 0s setores produtivos de interesse, para se compreender quais 0S ramos
mais importantes, tomando-se como referéncia o Estado de Minas Gerais, Brasil. A categoria de produtos em metal foi definida como aquela de maior destaque na
producdo, ligada a atuagao do design. Em seguida, foram feitas analises dos Programas de Rotulagem Ambiental que compdem o Global Ecolabelling Network (GEN),
com o objetivo de encontrar procedimentos de certificagao especificos a categoria de produtos em metal.

Foram selecionados 0s programas de rotulagem brasileiro ABNT Ambiental, o da Nova Zelandia, dos Paises Nordicos, membros do GEN, além do da Republica Tcheca,
que mesmo nao sendo membro do GEN, apresenta procedimentos ambientais para a categoria de moveis em metais.

3/ RESULTADOS

A ferramenta PAE tem por objetivo apresentar organizadamente parametros ambientais, quantitativos e qualitativos, descritos de maneira didatica e legivel para sua
aplicacao pratica e efetiva por designers. O Quadro 2 abaixo apresenta sua aplicagao na categoria de produtos em metal.




Quadro 2 - Aplicagao da ferramenta Pardmetros Ambientais para Ecodesign para a categoria de produtos feitos em metal.

Parametro 1: descrigdo do produto e matéria-prima

Referéncia

1.1 Janelas e portas devem usar certa proporcao de reciclados
(excegbes no parédmetro 1.2):

- Pelo menos 30% de aluminio reciclado nos perfis ou folhas da porta;

- Pelo menos 20% de ago reciclado em perfis ou folhas da porta devem
ser de acgo reciclado. Ago inoxidavel ndo é permitido em perfis de janelas
ou folhas das portas.

1.2 A exigéncia de material reciclado n&o se aplica a: revestimento
externo de componentes de madeira com finalidade contra

intempéries; polimero composto, materiais que representem menos de
3% em peso da janela; dobradigas, puxadores, acessorios; isolamento
de janela e porta externa; componentes ndo-renovaveis em vidro de
painéis de isolamento.

1.3 Quando o ago contido no produto for de mais de 50% do seu peso
total, deve-se usar material reciclado, e sucata como matéria-prima
secundaria na produgao de ago, de pelo menos 20%. Se o teor de
aluminio for de 15 a 50% do seu peso total, a entrada de materiais
reciclados de aluminio deve ser de pelo menos 20%. Em um produto
contendo mais de 50% de aluminio, a entrada de materiais reciclados
deve ser de pelo menos 30%.

1.4 Os materiais de metal devem ser processados sem o uso de
emulsdes para corte (6leos soluveis e fluidos semi-sintéticos).

1.5 Chapas de ago ndo devem ser cobertas com cromo, niquel, estanho
e seus compostos. Em casos excepcionais, quando ha grande atividade
fisica, pode haver superficie revestida com cromo ou niquel.

Programa de
Rotulagem dos
Paises Nordicos
2014 (NE, 2014).

Programa de
Rotulagem da
Republica
Tcheca
(CENIA, 2015).

Parametro 2: utilizagao de substancias perigosas

Referéncia

2.1 Os produtos de ago nao devem ser tratados com compostos que
contém mercurio, chumbo, caddmio, cromo hexavalente, arsénio ou seus
compdsitos (exceto quando permitido nos termos do parametro 2.4).
2.2 O fabricante deve restringir a concentragdo de chumbo, cromo
hexavalente e cadmio caso haja tratamento superficial no ago: valor
maximo permitido em % para chumbo e cromo hexavalente = 0,1, para
cadmio = 0,01.

2.3 Substancias utilizadas para o tratamento de superficies de méveis
de metal, incluindo tecnologia de desengorduramento, ndo podem
conter substancias quimicas que séo classificadas como muito téxicas,
perigosas para saude e meio ambiente e ndo devem ser classificadas
como cancerigenas, prejudiciais ao sistema reprodutivo.

2.4 Zinco e ago revestido de liga de zinco podem ser passivados com
solugbes de cromato contendo cromo hexavalente (cromo 6+).

2.5 As pegas pequenas, como parafusos, dobradigas, etc. sdo isentos
dos requisitos acima, exceto as pegas que séo destinadas a entrar em
contato freqliente com a pele.

2.6 O 6leo combustivel ou qualquer matéria-prima e/ou insumo que
componha o processo ndo deve conter mercurio ou seus compostos.
2.8 Os materiais de isolamento térmico ndo devem conter retardadores
de chama halogenados contendo bérax ou acido bdrico.

Programa de

Rotulagem da
Nova Zelandia
(ECNZ, 2015).

Programa de
Rotulagem ABNT
Ambiental
(ABNT, 2014).

Programa de
Rotulagem da
Republica
Tcheca (CENIA,
2015).

Programa de
Rotulagem dos
Paises Nordicos
2014 (NE, 2014).

Parametro 3: acabamento da superficie

Referéncia

3.1 As perdas de revestimentos ndo devem exceder 10% em peso. Tinta

Programa de
Rotulagem da

em po6 nao deve exceder 30% em peso. Residuos de revestimento nao Republica

podem exceder 5% em peso. Tcheca (CENIA,
2015).

Parametro 4: montagem do produto Referéncia

4.1 A montagem deve estar de acordo com os principios da reciclagem:
produto de facil desmontagem, o uso de juntas mecéanicas para unir

Programa de
Rotulagem da
Republica

Fonte: Adaptado de Pereira e Soares (2016).

mm 87



41 CONCLUSAOQ

Este estudo se insere em pesquisa mais ampla, que tem como objetivo o desenvolvimento da plataforma digital “Prioridade Ambiental”, que visa disponibilizar parametros
quantitativos e qualitativos, oriundos de Programas de Rotulagem Ambiental (rotulagem Tipo I), permitindo seu uso para ecodesign e transferéncia de informagdo e
tecnologia ao setor produtivo, com destaque a MPEs. Seu desenvolvimento baseia-se na aplicagao da ferramenta PAE - Parametros Ambientais para Ecodesign (Pereira
e Soares, 2016).

Foi definida a categoria de produtos em metal para este estudo como sendo aquela de maior destaque, apds analise dos setores produtivos de interesse, tomando-se
como referéncia o Estado de Minas Gerais. Os Programas de Rotulagem Ambiental, que compéem o Global Ecolabelling Network, foram cuidadosamente estudados com
0 objetivo de se encontrar procedimentos de certificagao especificos para a categoria de produto em metal.

Cada critério especifico contido nos procedimentos dos programas analisados foi organizado de acordo com a ferramenta PAE, incluindo materiais, substancias perigo-
sas, acabamento da superficie, montagem e fim-de-vida.

A ferramenta PAE pode contribuir para o ecodesign, na medida em que se apresenta como veiculo de transferéncia de conhecimento para os atores envolvidos na
fabricacdo de produtos. Trata-se de uma ferramenta capaz de traduzir as complexas orientacGes definidas pelos Programas de Rotulagem Ambiental, facilitando seu
acesso aqueles interessados em adotar praticas que visem a diminuigdo de impactos ambientais, especialmente as MPEs.
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ABSTRACT:

Efficiency and consistency are the key strategies to achieve a more sustainable development and address impending environmental threats like e.g. the global climate
change. A powerful tool for impact assessment as well as efficiency optimization is the material flow analysis (MFA), using models of material and energy flow networks
representing production processes. In different projects this type of models has been used for life cycle assessment (LCA), material flow cost accounting (MFCA), energy
and resource efficiency analysis, consumption baseline calculations and a variety of other ecological, economical or efficiency analysis.

The elaboration of the complex models costs time and money, but in large part the resulting models are not very comprehensible due to complexity and missing common
standards. By focusing on only one specific perspective normally the models are only apt for a part of the possible descriptive and analytical uses. Neither models nor
components of models are commonly considered for reusability.

As an analogy to the design patterns used in computer science the author therefor proposes an investigation to perceive a framework of rules and patterns for material
and energy flow modelling. Using a design pattern approach could propagate reusability within material and energy flow networks and help to enable multi-perspective
analysis of production systems using only one optimized model for all the possible descriptive and analytical purposes.

Keywords:
material flow analysis (MFA), material and energy flow networks, eco efficiency, optimization, industrial processes, design patterns

RESUMEN:

La eficiencia y la consistencia son las estrategias clave para lograr un desarrollo mas sostenible y abordar amenazas ambientales inminentes como p.ej. el cambio
climatico. Una herramienta poderosa para la evaluacion de impactos y la optimizacion de la eficiencia es el andlisis de flujos de materiales (AFM), utilizando modelos de
redes de flujos de materiales y energia que representan los procesos de produccion. En diferentes proyectos este tipo de modelos se ha utilizado para el analisis de ciclo
de vida (ACV), la contabilidad de costos de flujo de materiales (CCFM), andlisis de eficiencia energética y de recursos, calculos de linea base de consumos y una variedad
de otros analisis ecoldgicos, economicos o de eficiencia.

La elaboracion de los modelos complejos cuesta tiempo y dinero, pero en gran parte los modelos resultantes no son muy comprensibles debido a la complejidad y falta
de normas comunes. Al centrarse en una sola perspectiva especifica, normalmente los modelos sélo son aptos para una parte de los posibles usos descriptivos y analiti-
cos. Ni los modelos ni los componentes de los modelos se consideran comunmente para una reutilizacion.

Como una analogia con los patrones de diseno utilizados en el desarrollo de software, el autor propone un marco de reglas y patrones para el modelado de redes de flujos
de materiales y energia. El uso de un enfoque con patrones de diseno podria propagar la reutilizacion dentro de las redes de flujo de materiales y energia y ayudar a
permitir el analisis multi-perspectiva de los sistemas de produccion utilizando sdélo un modelo optimizado para todos los posibles propositos descriptivos y analiticos.
Ademas, los patrones de disefio pueden propagar de manera efectiva las soluciones mas eficientes y consistentes a las necesidades de procesos industriales.

Como resultado, se introduce un conjunto de patrones de disefio propuestos en diferentes niveles de solucion.

Palabras clave:
andlisis de flujos de materiales (AFM); redes de flujos de materiales y energia; eco eficiencia; optimizacion; procesos industriales; patrones de disefo.




1/ INTRODUCTION

With the publication of “The limits of growth” (Meadows & Club of Rome, 1974) nearly 40 years ago it already became clear that at a certain point only a sustainable
development can ensure further economic and industrial growth without endangering our very livelihood as the human race. The key strategies of sustainable development
are efficiency, consistency and subsistence, searching to improve input/output ratio, harmonizing production materials with our eco-system and questioning the need for
the abundance of today’s products, respectively (Grunwald, 2006; Schaltegger, Burritt, & Petersen, 2003).

Especially efficiency is seen as the most effective strategy, providing obvious benefits for the environment and the companies at the same time. In the struggle to limit
climate change, energy efficiency counts as the most important measure to decrease the still rising greenhouse gas emission rate. Resource efficiency and particularly
energy efficiency are seen as a key ingredient in fighting climate change (OECD/IEA, 2013). The consistency strategy aims at forming closed cycles in the material flows
(cradle to cradle) and harmonizing the material and energy with ecosystem flows (e.g. renewable energies, bio or “eco friendly” materials). The overall goal is to increase
the eco-efficiency of processes and products, by improving the ratio between the generated value and ecological impacts caused (Schaltegger et al., 2003; Schultmann,
2003).

Both efficiency and consistency approaches can be supported by the instrument of material flow analysis (MFA), using models of material and energy flow networks to
assess, analyze, simulate and plan more efficient and consistent production systems (Lambrecht, 2011; Moeller, Prox, Schmidt, & Lambrecht, 2009; OECD, 2008; Penku-
hn, 1997; Viere, Briinner, & Hedemann, 2011).

2| PROBLEM STATEMENT

By including all processes of a production system in a detailed material and energy flow network, the model can grow to a remarkable complexity, including sub-levels
representing process details.

Due to missing standards or norms on how to model a production system in a material and energy flow network, the resulting network models are in large part exceedingly
different in design, detailedness and completeness, among others.

The models might serve well for the original author and for the intended purpose (e.g. a LCA or an optimization project), but may not be adequate to enable (re-)use of the
valuable knowledge and data stored in the model for analysis with different perspectives, wasting the opportunity of an actually integrated, multi-perspective view of a
production system.

To fully appreciate the time and money invested in the elaboration of a material and energy flow model, it should serve for all kinds of analysis and tools applicable on such
a model.

A solution could be a framework of rules and patterns for the modelling of production systems, which helps to structure the models in the best possible way and to support
or at least facilitate integration of the different perspectives for eco efficiency evaluation and optimization, including among others exergy analysis (Dinger, 2007,
Velasquez, Agudelo, & Chejne, 2011) or material flow cost accounting (Bode, Biirkle, Hoffner, & Wisniewski, 2011; Mller, Viere, Prox, & Schmidt, 2011).
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Figure 1: Material flow networks and eco efficiency (own elaboration)

An analogy from the realm of computer science (and also architecture and pedagogy) is the application of design patterns. These patterns evolve as the most effective,
efficient and reusable solution to common (object oriented) design problems (Gamma, 1995). As object oriented design in computer science is also partly an approach
to model a representation of real world objects and processes, it is considered if this approach can be used as well on material flow networks that represent industrial
processes. The design pattern approach already has found its way into pedagogics and space systems architecting, among others (Bergin, 2012; Hein, 2012; Kelly,
2013).




3/ METHODOLOGY

It is deemed possible to define a framework of methodically perceived design patterns and underlying modelling rules for material and energy flow network models which
facilitate the creation and reuse of well structured, comprehensible models and enable a multi perspective analysis including efficiency analysis, impact assessment,
financial analysis and baseline consumption calculation.

The main objective therefor is the development of a framework of design patterns and other modelling rules for the elaboration of material and energy flow network models
that enable a multi perspective eco efficiency analysis of production systems. The specific objectives include

«|dentification, abstraction, categorization and organization of common objects in production systems and their respective attributes and hierarchies

«|dentification of common modelling challenges and best practices for their solution (including common antipatterns, i.e. worst practices)

«Investigation and formalization of the necessities (i.e. context and forces, see figure 2) of each of the mentioned analysis perspectives (including exergetic analysis)

e Extraction of an initial set of design patterns and modelling rules for the elaboration of material flow networks

Design Pattern Design Anti-Pattern

Problem

Related Patterns

Related Patterns

Figure 2: Formation of design patterns and anti-patterns (White, 2014)

To reach the proposed objectives a methodology consisting of various parts is deployed. After an extensive literature research on material and energy flow modelling and
different analysis perspectives, the findings will be consolidated and enriched by a field study reviewing a multitude of model implementations and performing interviews
with modelling experts. The extracted framework of patterns and rules will be documented in an adequate design pattern definition form and tested in a number of case
studies.

4/ RESULTS AND DISCUSSION

The expected result is a set of fundamental patterns and rules that can be applied in material and energy flow network models. Up to now 3 categories of design patterns
in that realm have been identified. Modelling patterns help to solve problems on how to present real life production processes in the flow network models, e.g. the “infras-
tructure equipment pattern” on how to include lighting or climatization in the model of a production system, when there is no direct connection to the reference flow.
Efficiency patterns represent resource-, energy- or eco-efficient solutions for common production system efficiency challenges that can be reflected in modeling (and
therefor simulation and planning), e.g. waste heat reuse patterns or renewable energy integration patterns. Consistency patterns focus on the industrial ecology approach
to “close cycles” and may be applied also as integration between different models, trying to connect outputs (sub-products and wastes) of one production system with
necessary resource inputs of another (Ayres, 1989).




5/ CONCLUSIONS

It has been shown, that in the necessary strive for a more sustainable development, powerful tools which facilitate integral, multi-perspective views on production systems
are needed. The lack of sufficient rules, definitions and patterns for material and energy flow networks restrains the full potential of these valuable models.

Therefor this investigation has been started to identify recurring components, common design problems and mandatory process information for the integration of different
analysis perspectives.

The development of a framework of design patterns and modelling rules might help to solve the stated problems and serve as a practical tool for a better approach to
identify and realize eco efficiency gains.

In the domain of object oriented programming the pattern approach not only helped to improve the overall design of system modelling, but also introduced a new and more
effective communication where the mentioning of the name of a well-known pattern saved a lot of explications and details. A propagation of this type of “pattern language”
could also facilitate the replication of eco efficient solutions in industrial processes.
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RESUMEN:

Se desarroll6 un LCA de la cuna a la tumba considerando el sistema de productos de Gerdau en Chile, que produce sdlo productos de acero reciclado para la construc-
cion, bajo altos estandares de calidad. Para esto se considerd el cilco de vida de los dos principales productos de Gerdau, las barras de refuerzo y los perfiles de acero.
Se condujeron varios talleres con la empresa para establecer primero los limites del sistema y la unidad funcional y posteriormente, para definir la funcion de valor para
el modelo de eco-eficiencia conforme a la ISO 14045;2012.. El modelo de ecoeficiencia se desarrollo para ser implementado como parte de su gestion sustentable.
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