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ABSTRACT:
This study analyzed the scientific production on environmental labeling from the last decade, aiming to verify opportunities for action and trends around the world. It was 
considered the articles published in English and Portuguese available in the Scopus, Web of Science and SciELO databases. The relevance of the articles was verified 
analyzing their titles and abstracts. Following were selected the articles from journals with SJR≥0.5, according to the Scimago Journal & Country Rank (SJR) classifica-
tion. The selected papers were organized by application area, country of origin and applied methodology. Most of the articles are from European authors. Brazil has most 
of the articles in South America and the second from Ibero-American countries. There are opportunities for studies in several relevant areas, such as agroindustry, mining, 
technological products and health.

INTRODUCTION 1

The expansion of technical-productive capacities and perceptible acceleration of global demographic growth have made even more evident the fact that the natural resour-
ces and services derived from them are not unlimited. Its scarcity, depletion or degradation may be a prediction of the changing well-being of humanity and the future of 
the planet. 
In 1940 emerges the idea of environmental labeling, aiming at environmental protection and human health. In 1978, the first seal or environmental label was issued by the 
German Environmental Agency, the Blue Angel (Blau Engel), declaring products from recycling and low toxicity, with the aim of encouraging producers and consumers to 
adopt sustainable practices (GULBRANDSEN, 2006).
Since then, new labels have started to come up all over the world, starting from the global concern with the environmental problems and competitiveness in the market, 
and that these, would provide technological changes and amendment within the model of economic development (GODARD, 1997).
Eco-labels have been implemented in several sectors of the economy such as: forestry, construction industry, business management, tourism and mainly (PIETRO-SAN-
DOVAL, 2016).
The goal of this study was to analyze the scientific production of environmental labeling in the last decade, discussing its evolution and applicability in the Brazilian context.

METHODS 2

The research was delimited to articles published in periodicals in the last ten years (2006-2016) in the Scopus, Web of Science and SciELO databases. The key words: 
eco-labelling, ecolabel, Green Seal, Environmental Product Declaration and the respective Portuguese terms were used. The selection of articles was divided into two 
parts.
The first stage occurred in the analysis of the titles and abstracts of the articles found, to verify the relevance to the research topic. The articles present in more than one 
database were counted only one time. The second stage verified if the article was published in a journal with SJR≥0,5 on the basis of the classification available by Scima-
go Journal & Country Rank (SJR). This is a measure of the scientific influence of academic journals based in number of citations received by a journal and the importance 
or prestige of the journals from which come these citations (GONZÁLEZ-PEREIRA et al., 2010).
Once meeting these two criteria, the article was revised in order to identify the following aspects: field of application, country of origin, year of publication and methodology 
used, to be included in a classification and evaluation.
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RESULTS AND DISCUSSION3

Were returned 354 results in the Scopus database, 272 in the Web of Science and 55 in the SciELO, totaling 664 articles, once 17 articles were present in more than 1 
database. Of these, 122 articles with SJR≥0.5 were selected, grouped into eleven thematic areas (Figure 1).

The studies associated with organic products, which discuss consumers' knowledge of environmental labels, with a view to raising awareness.
From the point of view of sectors, the application of labeling in Civil Construction stood out. Passer et al. (2015) highlights the evolution of certifications in civil construc-
tion in countries such as France, Switzerland, Germany and Belgium, reinforce the use of life cycle assessment (LCA) in improving the environmental performance of 
materials, projects and civil engineering. 
Based on the selection criteria adopted by Sweden and the USA, with 12.3% each, they are the countries with the largest number of publications related to Environmental 
Labeling, followed by Italy and Spain with 9.0% and 8.2% respectively (Figure 2).

Figure 1 - Main sectors, products and research areas of the Environmental Labeling application

Source: Elaborated by the authors.

Figure 2 – Publications by Country

Source: Elaborated by the authors.
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Source: Elaborated by the authors.

Europe was the continent with the highest number of publications in journals with scientific influence (58.2%), especially Sweden, Italy, Spain and Denmark. Followed by 
Asia (15.6%), highlighting Japan, China, India and Malaysia. In North America (13.9%) the USA stands out with almost 90% of the publications, mainly related to the 
management of greenhouse gas emissions. Oceania (5.7%) and South America (3.3%) concentrated their studies in three countries: Australia, Brazil and Colombia, 
respectively. The Ibero-American countries, when grouped, reached 13.9% of the articles, leveraged mainly by the contribution of Spain (58.8%) and Brazil (17.6%). 
Pietro-Sandoval (2016) confirms that the European continent is a leader in quantity of publications, followed by North America and Asia, addressing topics such as food 
products, forestry certifications, construction and mainly food derived from fishing.
In an analysis of the most published journals on the subject, 60 journals from the different areas of knowledge that have published articles related to environmental labeling 
were identified.

Figure 3 - Scientific journals with 3 or more articles related to environmental labeling.

Almost 50% of published articles on environmental labeling are concentrated in 6 journals. Journal Cleaner Production concentrated almost 1/5 (19.7%), followed by the 
journal Ecological Economics (9.0%) and Marine Policy (5.7%). The journals The International Journal of Life Cycle Assessment, Energy Policy, Fisheries Research 
published 4.1% of articles. Only one Brazilian journal, the Revista Árvore, was included in the list of those who published the most.
It has also been found 20 articles related to environmental labeling, distributed in 7 national journals, with an impact factor below 0.5, demonstrating that the theme is still 
poorly treated in the country and is found in journals with less scientific impact. The journals Gestão & Produção (35%) and Ambiente & Sociedade (25%) concentrate 
60% of the articles. The main focus of the national articles were in the areas of business management (environmental and organizational performance) and consumer 
market.

CONCLUSIONS4

The evolution of discussions on environmental labeling has grown worldwide, including in Brazil, which has advanced in studies and applications in the area of certifica-
tion, in companies and civil construction. The main themes found in the articles were certifications in fishery food products.
In Europe, the cradle of environmental labeling, different fields of application of labeling were identified, influencing the relationships and environmental performance of 
industries and consumers at the global level.
It was identified as an opportunity to carry out studies in the areas of: agribusiness, livestock, automotive industry and mining, transportation, technological products and 
health, considering its potential environmental and economic impact.
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CONTEXT:
Quantitative and life cycle based assessments of the coffee supply chain proofed to be an effective means to measure and communicate environmental impacts. However, 
the lack of consistency in the modeling principles, data sources and impact indicators does typically not allow a comparison of environmental footprint studies.
Within the context of product and organizational environmental footprint (PEF/OEF) initiative of the European Union a product environmental footprint category rule 
(PEFCR) was developed for coffee with the aim to increase the consistency, comparability and quality of the environmental footprint studies of coffee. However, different 
views of participating companies on the benchmarking of different coffee production systems (use stage) lead to a stop of the project at the draft level. 
The current draft coffee PEFCR also includes the green coffee production. The green coffee production is currently treated as a generic world average value, while also 
the calculation for site specific green coffee production is permitted if the data used is of sufficient quality. 

OBJECTIVE:
Considering the key importance of green coffee production for Latin America as well as its imbrication in the world trade market, a proactive position in green coffee PEF 
assessment would strengthen the business resilience of the Latin American coffee sector. We propose to further develop the green coffee PEFCR by improving the current 
default data and calculation methodology.

METHODOLOGY:
We suggest to create an international working group with the task to refine the section of the draft PEFCR dealing with green coffee production, to improve the considera-
tion of local specificities and to test it in different case studies.
We suggest to start from the current draft PEFCR on coffee that already suggested the system boundary of green coffee production, processing and supply within the full 
LCA of coffee (Figure 1). 

Figure 1: Current system boundary suggested for LCA of coffee as per the draft PEFCR on coffee.
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This draft has also already suggested a list of default data to model the green coffee production, processing and supply (see Table 1 as examples). Such a list would 
typically be the type of data that this working group we would like to create would revise and improve. 

The generic PEF results for green coffee (impacts for green coffee cultivation and delivery to producer) could be modeled and used as an updated as compared to the 
current one in the draft PEFCR on coffee (Figure 2).

1International Coffee Organization (http://www.ico.org/prices/po.htm), considering 60 kg green coffee/bag: we assume as a first proxy that world production shares equal EU import shares 
equal EU consumption shares. Website checked in April 2015.
 2Based on “direct-land-use-change-assessment-tool-(version-2014-1-21-january-2014).xls” (available at http://blonkconsultants.nl/en/tools/land-use-change-tool.html)
 3Based on “direct-land-use-change-assessment-tool-(version-2014-1-21-january-2014).xls” (available at http://blonkconsultants.nl/en/tools/land-use-change-tool.html)
 4SeaRates.com
 5Based on Panhuysen et al. (2014)

Table 1: Current default data for green coffee modeling as per the draft PEFCR on coffee: Production, type of coffee, average yield, deforestation rates, transportation 
distances, irrigation rates and production volumes per country as well as for world average. For the irrigation rate, 40% of groundwater and 60% of surface water are 
considered.
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Figure 2: PEF results for green coffee (impacts for green coffee cultivation and delivery to producer), as modeled in the initial draft PEFCR on coffee.

CONCLUSION:
The aim is to have a broadly «accepted» updated PEFCR for green coffee as well as PEF compatible results for green coffee that could be used by international customers 
in their PEF of coffee.
--END--
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RESUMEN:
La agroindustria de la caña de azúcar en Veracruz, México es descrita como un sistema binomial complejo, el cual debe garantizar su sostenibilidad como sistema 
productivo. El presente trabajo, tuvo como objetivo evaluar y comparar a través del Análisis de Ciclo de Vida (ACV), los impactos ambientales generados en la obtención 
de 2 diversas clases de sacarosa producidas en el estado de Veracruz por ser el principal productor de gramínea y sacarosa en la República Mexicana, relacionando 
rendimientos agroindustriales de 18 ingenios azucareros. El análisis toma en cuenta las siguientes etapas en el ciclo de vida de los 2 tipos de azúcar comparados: la 
obtención, siembra, cultivo y la cosecha; mismas que son insertadas dentro de un escenario productivo del tipo empresarial para su evaluación. Los 18 ingenios azucare-
ros estudiados fueron agrupados acorde a la clase de sacarosa producida, obteniendo 2 grupos de análisis: productores de azúcar estándar y productores de azúcar 
refinada de acuerdo a sus consumos específicos y requerimientos energéticos en fábrica. Los resultados del presente estudio señalan que el azúcar refinado presenta 
mayores impactos ambientales que la estándar, debido a los requerimientos exigidos por el proceso de refinación y blanqueamiento del azúcar crudo. Lo anterior coadyu-
vará a la elaboración de políticas públicas al detectar impactos negativos al medio ambiente asociados con el manejo del cultivo, el uso eficiente del agua, la aplicación 
de insumos, así como los asociados con efluentes y emisiones a la atmosfera, con la finalidad de incorporar prácticas agrícolas y tecnologías sustentables dentro del 
sector de la agroindustria de la caña de azúcar.

Palabras clave:
ACV; Agroindustria; Sacarosa; Caña de Azúcar; Veracruz; Azúcar Estándar; Azúcar Refinada.

INTRODUCCIÓN 1

La producción agrícola de caña de azúcar transita por diversas operaciones unitarias: obtención, siembra, cultivo y cosecha, para así poder ser transformada en sacarosa 
a partir de distintos procesos unitarios, para finalmente comercializarla a través de sus múltiples cadenas de distribución. Los escenarios de mayor relevancia en la 
agroindustria de la caña de azúcar son los campos agrícolas cañeros y los ingenios azucareros, donde destaca la trascendencia de los métodos empleados, ya que 
actualmente se registra un proceso de modificación de insumos en la obtención del producto final debido a la adopción de nuevas tecnologías y prácticas de manejo para 
elevar su productividad y eficiencia de este binomio agroindustrial, además de añadir los procesos de comercialización, obteniendo como consecuencia el impacto en el 
uso de recursos naturales en la cual se sostiene dicha agroindustria.

Por ello, actualmente actores de la agroindustria de la caña de azúcar, académicos e investigadores junto con el gobierno de la República Mexicana, gestionan y amplían 
condiciones de producción, operación y eficiencia a factores sociales, ambientales y económicos con la finalidad de encarar los diversos retos y efectos ambientales de 
la agroindustria, precisando la necesidad de lograr un cambio hacia patrones de producción y consumos más sustentables, enmarcándolos en un ambiente rector de 
protección al medio ambiente. Por lo anterior, el gobierno mexicano, a través del Programa Especial y la Estrategia Nacional de Producción y Consumo Sustentable; 
(SEMARNAT, 2015), promueve la visión del cambio de paradigma hacia una economía más equitativa, responsable y verde, cimentada en el enfoque de ciclo de vida de 
bienes y servicios a fin de reducir las huellas de energía, hídrica, biodiversidad y materias primas.

La aplicación de ACV en el sector agroindustrial de la caña de azúcar en México coadyuvará en la identificación de impactos, vulnerabilidades y riesgos ambientales, así 
como en la identificación de áreas de mejora y oportunidad a lo largo de toda la cadena productiva debido a su carácter sistémico, el cual permite interpretar el desempeño 
ambiental de una unidad en forma integral, considerando los impactos ambientales de todos los elementos interactivos que estructuran el ciclo de vida de los productos 
(ISO, 2006). Análisis de Ciclo de Vida (ACV), es considerado como una de las herramientas más completas y eficaces para la gestión ambiental de las actividades produc-
tivas, ya que evalúa todo el ciclo de vida del producto, desde la cuna hasta la tumba; (Lopes, et.al; 2012, Samson, et.al; 2015). 
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Diversos estudios de ACV han sido desarrollados para casos específicos de la agroindustria, tal es el caso del estudio de Patcharaporn, et al., (2016), el cual evalúa 
impactos ambientales de diferentes métodos de cultivo y cosecha de la gramínea; por su parte Grillo et al., (2011); Luo et al., (2009); evalúan el proceso de obtención 
de etanol y bioenergía a partir de la caña de azúcar. Por su parte, Contreras et al., (2009); compara cuatro alternativas del uso de subproductos de la producción de caña 
de azúcar, Pérez, et al., (2012); evalúa y compara los impactos ambientales del ciclo de vida de diferentes tecnologías de cogeneración utilizadas en la industria azucarera 
cubana. En México, lo  más cercano a la implementación de un ACV en la agroindustria de la caña de azúcar es lo publicado por García et al., (2016) relacionado con el 
cálculo de la huella de carbono para 4 ingenios azucareros en México con capacidades de molienda similares, pero de diferentes regiones geográficas, sin embargo no 
contempla las demás categorías de impacto que se implementan en ACV.

METODOLOGÍA2

El desarrollo del presente ACV evalúa los impactos ambientales de 2 distintas clases de sacarosa: azúcar refinada y azúcar estándar, considerando las siguientes catego-
rías de impacto: Cambio climático, Acidificación terrestre, Eutrofización de agua fresca, Toxicidad humana, Formación de foto oxidantes y Agotamiento de combustibles 
fósiles. En este trabajo no se presentan los resultados de impactos por cambio de uso de suelo debido a que se consideran rendimientos idénticos de campo de un 
sistema empresarial.

El estudio es limitado espacialmente al estado de Veracruz, México por ser el mayor productor de caña de azúcar (20,437,483 toneladas), así como de sacarosa 37.10% 
de la producción nacional mexicana, de igual forma se considera un límite temporal adaptado a una proyección estadística de zafra para el ciclo 2016-2017. La obtención 
de sacarosa es dada a partir de la producción y transformación de caña de azúcar en las 18 zonas de abastecimiento del estado de Veracruz, México (Tabla 1), que 
operaron las últimas 3 zafras y para cada uno de ellos se consideran los datos de las últimas 8 zafras.

El estudio fue referido a las actividades de agricultura realizadas para un sistema productivo caña de azúcar, del tipo empresarial, el cual es identificado y descrito por 
Mendonça, (2008); como un modelo industrial de producción basado en el aporte y suministro de maquinaria moderna e insumos por parte de las agroempresas, con 
el objetivo de obtener un gran control empresarial para la conversión rápida y en gran escala de la tierra, caracterizándose principalmente por la adopción de estrategias 
de mecanización, las cuales son adaptadas a este sistema productivo industrializándolo e integrándolo lo más posible. 

Se calcularon y se asignaron rendimientos agroindustriales para este sistema productivo a partir de la ejecución de un clúster jerárquico, que como resultado agrupo 7 
de los 18 ingenios en estudio, esto de acuerdo a una correlación: superficie industrializada-producción de azúcar. La unidad funcional, que sirvió como base para la 
comparación y análisis de ambas clases de sacarosa, se encuentra referida a una tonelada de azúcar producida. La Tabla 2 presenta los rendimientos utilizados en este 
sistema empresarial.

Tabla 1. Ingenios Azucareros y Zonas de Influencia del Estado de Veracruz, México considerados.

Ingenio Azucarero: Municipio: 
La Gloria. Úrsulo Galván. 
El Modelo. La Antigua. 
Pánuco. Pánuco. 
Mahuixtlán. Coatepec. 
El Higo. El Higo. 
San Miguelito. Córdoba. 
El Potrero. Atoyac. 
Central Motzorongo. Tezonápa. 
San Nicolás. Cuichápa. 
Central Progreso. Paso del Macho. 
Tres Valles. Tres Valles. 
La Providencia. Cuichápa. 
San Pedro. Lerdo de Tejada. 
San José de Abajo. Cuitláhuac. 
El Carmen. Ixtaczoquitlán. 
Constancia. Tezonápa. 
Cuatotolápan. Hueyápan de Ocampo. 
San Cristóbal. Carlos A. Carrillo. 
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La Tabla 3 denota las actividades asociadas a la producción global de los dos tipos de azúcar.

RESULTADOS3

La Figura 1 presenta, en términos porcentuales, los impactos ambientales obtenidos para el azúcar refinada y azúcar estándar.

La generación del inventario de ciclo de vida consistió en la obtención de datos referentes a las superficies industrializadas, a la producción de caña y azúcar obtenida 
por unidad industrializada de cada uno de los 7 ingenios azucareros que conforman el sistema empresarial, posteriormente fueron calculados rendimientos agroindustria-
les, requerimientos de semilla, así como requerimientos nutrimentales y químicos necesarios para el desarrollo de la planta, el requerimiento hídrico en campo tuvo en 
cuenta tres tipos de variedades de caña de azúcar y fue considerado riego por gravedad, de igual forma fue considerada la maquinaria utilizada en la mecanización del 
suelo, fue considerada una cosecha en verde al 100%.

El consumo hídrico en la fábrica de azúcar, así como los consumos másicos y energéticos dentro de la fábrica de azúcar y los indicados con anterioridad fueron obtenidos 
a través de revisiones a las ultimas  8 publicaciones anuales de los manuales azucareros mexicanos editados por la Compañia Editora del Manual Azucarero,así como de 
informes del sistema INFOCAÑA del Comité Nacional de Desarrollo Sustentable de la Caña de Azúcar, (CONADESUCA, 2017); de igual forma fueron visitados estableci-
mientos azucareros y consultados informes oficiales de corrida. El software SimaPro 8.1.1.16, fue utilizado para la realización del análisis del presente estudio, siguiendo 
las directrices normativas de referencia de la ISO 14040/44 (ISO, 2006). El cálculo de los impactos fue realizado a partir del método ReCiPe Midpoint (H) V1.12 / Europe 
Recipe H.

Tabla 2. Rendimientos agroindustriales 

Tabla 3. Actividades asociadas a la producción global de los dos tipos de azúcar

* En el caso del azúcar refinado, este proceso implica una refundición del azúcar crudo, una clarificación y evaporación extra 
y algunas veces una decoloración para el blanqueado del cristal. 

Figura 1. Evaluación de Impacto de ciclo de vida para la producción de dos clases de sacarosa.

Unidad funcional: 1 t de azúcar producida. 

Rendimiento en campo: 8.92 t de caña de azúcar. 
Superficie industrializada: 0.116 ha-1. 

Agricultura. Industrialización. Comercialización. 
• Siembra. (Mecanización del suelo y 

Obtención de semilla.) 
• Cul�vo. (Requerimiento nutrimental, 

Requerimiento hídrico y Control 
químico). 

• Cosecha. 

• Molienda. 
• Fábrica de Azúcar. 
• Calderas-Cogeneración. 
• Clarificación de Jugo 
• Evaporación-Clarificación*  

• Envasado. 
• Comercialización. 
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Categoría de impacto: Unidad: 
Azúcar Refinado 

Empresarial: 
Azúcar Estándar 

Empresarial: 
Cambio climático. kg CO2 eq 11729.935 11409.775 
Acidificación terrestre. kg SO2 eq 71.154 69.451 
Eutrofización de agua fresca. kg P eq 14.205 14.171 
Toxicidad humana. kg 1,4-DB eq 5605.024 5521.568 
Formación de foto oxidantes químicos. kg NMVOC 45.297 44.026 
Agotamiento de combustibles fósiles. kg oil eq 3829.988 3718.546 

Tabla 4. Resultados del análisis de impacto para las seis categorías evaluadas

Se puede observar que la producción de azúcar refinada insertada en un sistema empresarial presenta ligeramente mayores impactos en las categorías de impacto de 
cambio climático, acidificación terrestre, toxicidad humana, formación de foto oxidantes y agotamiento de combustibles fósiles en comparación con la producción de 
sacarosa estándar empresarial. En la categoría de Eutrofización, ambas producciones presentan los mismos impactos. La Tabla 4 muestra los resultados obtenidos en 
el análisis de impacto.

El análisis de resultados muestra que el azúcar refinado presenta mayores impactos en todas las categorías, lo cual se debe al proceso de refinación del azúcar crudo, 
que en este caso implica una operación de sulfitación para añadir blancura al producto, a través de SO2 a la corriente de jugo del proceso. Por otra parte, el análisis de 
procesos unitarios, señala que tanto para azúcar estándar como para refinada, la mayor contribución a los impactos proviene del requerimiento nutrimental y control 
químico, debido al uso intensivo de plaguicidas y fertilizantes. El segundo proceso con mayores impactos ambientales se da en el proceso de molienda, debido al uso 
de fuentes energéticas no renovables tales como el combustóleo y el carbón en las pruebas de inicio de zafra.

CONCLUSIONES4

El azúcar refinado genera impactos ambientales ligeramente superiores al azúcar estándar. El uso de plaguicidas y fertilizantes juega un papel preponderante en la genera-
ción de impactos ambientales por lo cual se sugiere el uso de fertilizantes naturales que ayuden a mitigar dichos impactos (vinazas, cachazas, composta y gallinazas). 
El uso de energía para sistemas de riego no presentó impactos, debido a que no se utiliza energía para el abastecimiento del recurso hídrico ya que se tiene en cuenta un 
sistema de riego por gravedad. De igual forma no se presentan impactos por quema de caña ya que se considera una cosecha en verde mediante cortadoras automatiza-
das. El uso de combustibles fósiles es determinante en la generación de impactos, por lo cual se recomienda el aprovechamiento de combustibles alternos (como ya 
ocurre en muchos ingenios).
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ABSTRACT:
The economic potential of macauba palm (Acrocomia aculeata) has been recurrently emphasized, due to its high productivity and the broad possibilities of the use of its 
fruit. Specially in the Brazilian Northeast, where alternative crops for energy production can attenuate the hard conditions present in some areas. However, any alternative 
system aiming to benefit local population needs also to be environmentally sustainable. In order to assess the environmental profile of the crude oil production process 
from macauba fruits, a Life-Cycle Assessment of the system was performed. The functional unit was 1 kg of macauba crude oil in a cradle-to-gate approach, which it 
means from seed production to the gate of oil extraction unit. The impact categories considered in this study were Global Warming Potential (GWP), Abiotic Depletion 
Potential (ADP), Eutrophication Potential (EP), Acidification Potential (AP) and Human Toxicity Potential (HTP). The method used was CML 2001 (April 2013). The prelimi-
nary results indicate that, for the system considered, major impacts would come from the agricultural phase. Diesel and fertilizer production have significant influence on 
ADP. EP and AP are mostly affected by nitrogen fertilizers application and HTP due to fertilizer production. Due to its high yields and low mechanization, macauba’s crude 
oil production system primarily captures more CO2 than it releases.

INTRODUCTION 1

There is a demand for diversification of regional raw materials for biodiesel in Brazil. In addition, there is a need for cultivation of new energy crops, particularly in the 
poorest regions such as North and Northeast. The production and supply of biomass nearby the processing facility can result in gains in efficiency and possibly lower 
environmental impacts. However, to achieve the goal of social inclusion of the local population through an alternative system requires that the system be environmentally 
sustainable. In this scenario, the economic potential of macauba (Acrocomia aculeata) has been evaluated in the region, due to its high potential productivity and wide 
possibilities for the use of its fruits, which can generate oil, charcoal, food, cleaning products and other products. Macaúba is gaining attention in tropical regions for the 
production of sustainable biofuel feedstock, as it has a wide range of additional products and it has low ecological requirements to be planted (Lüdeke-Freunde et al, 
2012). Despite these advantages, there are few studies on sustainability of macaúba managed plantations.
In order to assess the environmental profile of the process to produce oil from macauba, more specifically from the pulp/mesocarp of the fruit, a Life Cycle Assessment 
(LCA) of the system was performed, using the GaBi software and ISO 14040 standards.

METODOLOGY 2

Based on the Cycle Assessment Life (LCA) and following the ISO 14040 standard, the following steps were considered:
Scope of the process
The function of the technological system is to produce crude oil of macauba to serve as raw material for biodiesel production. The functional unit (F.U.) of the system is 
1 kg of crude oil and macaúba reference flow coincides with the U.F. The system boundaries include the germinated seed production to the gate of oil extraction, ie, it is 
considered a cradle to gate approach.
Even though there is a potential for co-products production, the allocation was not considered for this still simplified assessment, having been assumed a monofunctional 
system, where the waste is not converted into co-products, which are utilized within the boundaries of the system itself.
The geographical coverage of the system is partial, where the main processes were modeled according to the regional reality of the region, and the auxiliary processes 
come from the database (DB) of the GaBi software, mostly representing European processes (German) and North Americans. Exceptions are the production of diesel and 
electricity, Brazilian processes within the base GaBi. All transport processes are global. The temporal coverage covers processes with data from 2012, these from DB 
GaBi and main processes with secondary data from 2004 and some 2015 primary collected through questionnaires and direct contact.
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Technological coverage is also partial, and the main processes represent specific technologies of the system under evaluation. The auxiliary processes - from BD - 
represent European and American technologies that are not necessarily those used in similar cases in Brazil.
All relevant data were collected, being most of the input secondary data. The output data were calculated on the basis of inputs, by applying equations and models on the 
subject, available in the technical and scientific literature. No cut-off criteria were established.
The impact categories chosen for this study are the Global Warming Potential (GWP), the Abiotic Depletion Potential (ADP), the Eutrophication Potential (EP), the Acidifica-
tion Potential (AP) and the Human Toxicity Potential (HTP). The evaluation method is the Dutch CML 2001 (April 2013).

Figure 1: Flowchart of macauba pulp oil production system (all processes are considered for LCI purposes).

RESULTS3

Life Cycle Inventory Analysis
In the agricultural phase the following processes were considered: production of seedlings in the nursery, production of seedlings in the nursery, planting and maintenance 
of the crop. Primary data for this phase were collected through specific questionnaires sent to those responsible for each process of the system under analysis, as inputs 
for the mass and energy flows, and for the modeling. The missing data were completed by consulting the specific technical literature on macaúba cultivation. (the LCI 
table can be accessed as a complementary document, just write to authors). The oil extraction phase was modeled based upon specific manual on the oilseeds proces-
sing (Dorsa, 2004). Figure 1 shows the considered system flowchart.
The production of pre-germinated macauba seeds is held in a private company, which has a patent upon the germination process. So it was not possible to collect data 
related to this process, and no interference from this process was considered regarding the environmental profile of macauba oil.
In the pre-nursery stage, for the production of the seedlings, pre-germinated seeds are deposited in plastic polypropylene tubes. The seedlings remain in this stage for 60 
days, where there is irrigation with ground water (0.01 L / seedling.day 3x) (Borcioni, 2012) and the application of superphosphate (SSP - 0.19 kg / seedlings) (Carvalho, 
2011). For this process it was considered that the tubes are reused. There are also two applications of Methomyl pesticide at the rate of 7 L / palm, with 0.02% of active 
ingredient (ADAPAR, AGROFIT).
In the nursery, seedlings are transplanted to Low Density Polyethylene (LDPE) bags. This stage takes around 300 days (10 months) and applications of 0.016 kg of SSP, 
0.012 kg of urea and 0.013 kg of K2O/ seedlings. Every two days the seedlings are  irrigated with 0.1 L of water. There are also two applications of Methomyl pesticide 
at the rate of 7 L / seedling, with 0.02% of active ingredient (ADAPAR, AGROFIT).
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Table 1 – Environmental profile of 1 kg of macaúba oil.

Since there is the application of nitrogen, the nitrogen emissions are quantified. For this purpose, the emission factors proposed by Malavolta (2006) are used. Then for 
each kilogram of nitrogen applied,  an emission of 0.08 kg of N2, 0.013 kg of N2O, 0.16 kg NH3, 0.03 kg NO and 0.05 kg NO3. The remaining nitrogen unaccounted 
emissions is incorporated into plant biomass, since there is no specific information.
Regarding the land use, it was considered that the land was an agricultural area for over 20 years and by the time of macaúba crop establishment it was occupied by 
secondary vegetation. In this process, three consecutive sub-processes are considered. The first is the clearing of land by clearcutting of secondary vegetation, with the 
use of a small tractor that consumes approximately 6 kg of diesel / ha. The second is the uprooting roots with approximate consumption of 12 kg of diesel / ha. The latter 
process is plowing which consumes around 19 kg of diesel / ha. These diesel fuel consumption rate, and the consequent emission comes from GaBi database.
In the planting stage 351 seedlings / hectare are manually planted. The plastic bags go to a landfill. For each palm there is application of 0.2 kg of urea, 0.04 kg of SSP 
and 0.15 kg K2O (Cardoso, 2015). In this case, the same parameters for nitrogenous emissions reported for the nursery stage are applied.
The maintenance of the crop consists basically upon fertilizers application and weed control (Carvalho, 2011). In this model, the weed control is carried out manually 
nearby around the palm trees, and mechanical weeding over the plots. Fertilizers are applied monthly and the amounts and types of fertilizers vary according to the needs 
planting. 
The production begins four years after planting (Carvalho, 2011). The harvest is done manually with the use of sickles to cut the bunches of macauba fruits. The average 
productivity of macaúba varies between 10 and 15 tons of fruit per hectare (Roscoe, 2007). For the system considered, by planting 351 palms / ha, considering on 
average, five bunches per palm, 250 fruit / bunch and 30 g / fruit, the productivity would result on 13.2 tons of fruits / ha. These values are converted to CO2 sequestered 
from the relationship between the dry weight (66%), carbon content (48%) and C conversion factor for CO2, 44/12 or 3.67 (Silva, 2008; Golden, 2011). Thus, such 
productivity would result on the sequestration of approximately 15 tons of CO2 equivalent.
Regarding the oil extraction from the fruits, different subprocesses are considered. The first is the bark removal, followed by the pulping, ie, the separation of pulp/meso-
carp from the endocarp. The mesocarp is pressed mechanically to extract the oil. For the purpose of biodiesel production in this analysis, only the oil extract from the 
mesocarp is considered for, estimated in 27% of the fruit, even known that there is a potential to obtain larger amounts of oil, depends on the type of macauba and techno-
logy. Considering the previously reported productivity and oil extracted, the oil yield becomes 3.6 tons / ha. This process is accomplished through a mechanical press 
driven by electricity from the local network, with 12.5 horsepower and capacity of 100 kg / h (ECIRTEC). 
Although not considered in this analysis, oil can be extracted from kernel as well, and the residual endocarp (up to 40%), can be converted to charcoal.
Life Cycle Impact Assessment
The method used for LCIA of macaúba oil was the CML 2001 - April 2013. The impact categories considered were: Global Warming Potential (GWP) potential Abiotic 
Depletion Potential (ADP), Eutrophication Potential (EP), Acidification Potential (AP) and Human Toxicity Potential (HTP). Table 1 shows the results of the environmental 
profile of macauba oil for the listed categories.

Normalization and weighting were not applied to the results obtained for this LCIA. The results for the impact categories are presented in absolute values according to the 
equivalence of each unit and refer to intermediary or midpoint impacts, i.e., express the quantity of emissions that have the potential to generate a final or endpoint impact. 
Thus, it is not possible to infer any direct harm to human health and to the living ecosystems. The exception is the ADP, which refer directly to the consumption of natural 
resources.
The GWP is negative because there is more absorption of CO2 due to the growth of palm trees, and consequently to the fruits production, than the emission of fossil fuels, 
derived mainly from the combustion of the engine of the trucks. The potential for CO2 uptake by palm trees was not accounted for, since at the end of the production cycle, 
they shall be cut off and return the fixed carbon to the atmosphere and soil.
The ADP is directly related to the consumption of mineral elements and the main contributors to this category are the superphosphate fertilizer production processes (SSP) 
with 41% and the production of diesel with 34%.
The EP is attributed to nitrogen emissions from the use of urea, mainly in the planting phase, when the supply of fertilizers is more significant, representing more than 85% 
of the emissions.
The AP follows the same dynamics of the EP, since the nitrogen emissions due to the use of urea generate approximately 75% of the equivalent emissions of SO2. Other 
processes that contribute are the generation of electricity, the tillage processes and the production of SSP, which together account for little over 20%.
Regarding the HTP, the majority of the emissions is related to the process of SSP production, approximately 70% of the total. The main potential agent of human toxicity 
are the Polycyclic Aromatic Hydrocarbons (PAH). Other processes that promote significant emissions are the generation of electricity (14%) and the production of diesel 
(10%).

FU 1 kg of macaúba oil 

Impact Category (CML 2001 – Apr. 2013) Unit Amount 

GWP kg CO2 eq. -3,91+00 

ADP MJ 4,13E+00 

EP Kg PO4- eq. 1,56E-03 

AP kg SO2 eq. 6,99E-03 

HTP kg DCB eq. 4,39E-02 
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CONCLUSIONS 4

The interpretation of the results, considering selected impact categories, for the scope previously defined, indicates that the environmental profile of macauba oil is charac-
terized by the action of direct processes, mainly related to the agricultural phase of the system. The GWP has a very positive effect due to the high productivity of macauba 
crop. Therefore, it can be considered that the macauba oil production system consists of a mitigating global warming system.
In the case of ADP, the most representative processes (production of fertilizers and diesel) are outside the boundaries of the agricultural system, but are directly demanded. 
This could increase their influence on the environmental profile due to possible increase of mechanization, which consumes diesel.
The EP and AP denote the significance of nitrogenous fertilizers, represented by the urea, which is very volatile and inefficient, generating high levels of ammonia 
emissions. The two impact categories have a direct effect on the implementation of the region's agricultural system, which can be modified by selecting another nitrogen 
source.
The HTP presented a different dynamics, with the largest contributor originated from an auxiliary process (SSP production), which is outside of the boundaries of the 
system.
The results indicate that the more significant environmental impacts are concentrated in agricultural phase, which can be reduced through the management of the crop. 
On the other hand, due to the high yields and low mechanization, macauba’s crude oil production system captures more CO2 than it releases, contributing positively to 
the reduction of global warming. To have a better understanding of the impacts of the system, it is important to evaluate social and economic impacts to the region as 
well.

ADAPAR – Agência de Defesa Agropecuária do Paraná. Disponível em: http://www.adapar.pr.gov.br
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Inventário de dados brutos – produção de óleo de polpa de macaúba.

* Em relação ao uso da terra, 
considerou-se que se trata área 
agrícola com mais de 20 anos e 
no período de plantio da macaúba 
a área encontrava-se ocupada 
por vegetação secundária.
**Plantio de 351plantas/ha.
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Aspecto Unidade Quan�dade Fonte 

Fase agrícola (entradas)    

Fase Pré-viveiro    

Água L/muda.dia 0,03 Subterrânea 

Superfosfato Simples  Kg/muda 0,19  

Pes�cida (Metonil) l/muda 7 (0,02% p.a)  

    

Fase viveiro    

Água L/muda.dia 0,05  

Superfosfato Simples Kg/muda 0,016  

Uréia Kg/muda 0,012  

K2O  Kg/muda 0,013  

Pes�cida (Metonil) l/muda      7 (0,02% p.a)  

    

Preparo do solo*    

Corte da vegetação secundária 

Re�rada de raízes e arbustos 

Revolvimento do solo 

Kg diesel/ha 

Kg diesel/ha 

Kg diesel/ha 

6,0 

12,0 

19,0 

 

Fase Plantio**    

Superfosfato Simples Kg/muda      0,04  

Uréia Kg/muda 0,20  

K2O  Kg/muda 0,15  

    

    

Total 998 908  
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ABSTRACT:
This article compares the environmental performance of sugarcane produced by two different systems: conventional and no-tillage, the latter characterized by no soil 
disturb and crop succession. The study was based on the technical requirements of ISO 14040: 2016 and 14044: 2016. The inventories of the production systems used 
primary data collected from a traditional sugarcane plant. The emissions to environmental compartments were estimated and the background processes were obtained 
from the ecoinvent v.3 database. The RECIPE Midpoint (H) V1.12 / World RECIPE H method was utilized with the SimaPro® software, v. 8.3.0. Data showed that no-tillage 
system improved the environmental performance of sugarcane compared to conventional one. This practice brings benefits like the increase of stalk yield in the cane-plant 
period (about 12%), the elimination of tillage operation and the best use of the land by it adds soybean as an additional product. No-tillage system avoided the emission 
of about 5.0 t CO2eq ha-1 per 5-year cycle (a 25% reduction). Therefore, this LCA study endorses, in a quantified way, the environmental benefits of the adoption of 
conservationist practices, such as no-tillage in sugarcane.

RESUMO:
Este artigo compara o desempenho ambiental da cana-de-açúcar produzida por dois sistemas de produção: convencional e plantio direto - este último caracterizado 
pelas práticas do plantio direto e da sucessão de culturas. O estudo baseou-se nos requisitos técnicos da ISO 14040:2016 e 14044:2016. Os inventários dos sistemas 
de produção utilizaram dados primários coletados de uma usina tradicional de cana-de-açúcar. As emissões para os compartimentos ambientais foram estimadas e os 
processos de segundo plano foram obtidos base de dados ecoinvent v.3. O método RECIPE Midpoint (H) V1.12 / World RECIPE H foi utilizado com o software SimaPro®, 
v. 8.3.0. Os dados mostraram que o sistema de plantio direto melhorou o desempenho ambiental da cana-de-açúcar em relação ao sistema convencional. Esta prática 
traz benefícios, como o aumento do rendimento de colmos na cana-planta (cerca de 12%), a eliminação da operação de preparo do solo, além de promover o melhor 
aproveitamento da terra, ao agregar a soja como produto adicional. O sistema de plantio direto evitou a emissão de cerca de 5,0 t CO2eq ha-1 por ciclo de 5 anos (uma 
redução de 25%). Portanto, este estudo de ciclo de vida confirma, de forma quantificada, os benefícios ambientais da adoção de práticas agrícolas conservacionistas, 
como a de plantio direto em cana-de-açúcar.
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INTRODUÇÃO1

A cana-de-açúcar é uma biomassa energética de importância mundial. No Brasil, há a preocupação de reduzir os impactos ambientais de sua produção, introduzindo-se 
práticas mais sustentáveis. A fase agrícola é sabidamente a maior geradora de impactos do ciclo de vida da cana-de-açúcar (Dias et al., 2016; Seabra et al., 2011), 
portanto alterações nas práticas agrícolas trazem resultados relevantes para o desempenho ambiental deste produto.
O sistema de plantio direto, caracterizado pelo menor revolvimento do solo, uso de cobertura vegetal e rotação de culturas (Derpsch et al., 2010), é considerado conser-
vacionista e mais sustentável que o convencional. Como benefícios para a cana-de-açúcar, citam-se incrementos da matéria orgânica, da capacidade de retenção de 
água e da microbiota do solo (Segnini et al, 2013), além da redução de operações pesadas para o preparo do solo, o que diminui a emissão de poluentes derivados da 
combustão do diesel. A rotação com outras culturas, como leguminosas, ainda reduz emissões derivadas de fertilizantes nitrogenados (Matsuura et al., 2016).
Assim, esta pesquisa teve como objetivo comparar o desempenho ambiental da cana-de-açúcar produzida por dois sistemas diferentes: convencional e plantio direto.

METODOLOGIA2

O desempenho ambiental da cana-de-açúcar foi avaliado pela abordagem da avaliação do ciclo de vida (ACV), seguindo os requisitos técnicos das normas ISO 
14040:2016 e ISO 14044:2016. O escopo da pesquisa limitou-se a uma unidade de produção de cana-de-açúcar tradicional no estado de São Paulo. A unidade de 
referência adotada foi um hectare durante um ciclo de produção de cana-de-açúcar, incluindo-se a reforma. O fluxo de referência foi estabelecido com base na produtivi-
dade agrícola. 
Avaliou-se o desempenho de um sistema convencional (SCONV), com pousio na reforma, e de um sistema de plantio direto (SPD), com soja na reforma. Ambos 
compreenderam os processos desde a extração de recursos naturais até a produção da cana-de-açúcar, incluindo a produção de soja e seus processos à montante, no 
SPD. O plantio e a colheita da cana foram totalmente mecanizados, sendo esta última operação realizada sem a queima da palha. Os transportes internos não foram 
considerados.
Os inventários dos sistemas de produção (SCONV e SPD) foram construídos a partir de dados primários coletados na referida usina, enquanto os inventários de 
operações agrícolas foram gerados por Cavalett et al. (2016). Também foram usados dados da literatura científica e da base de dados Ecoinvent v3.1 (Weidema et al., 
2013). Para o SCONV, a produtividade média é referente a 1 ano de cana-planta (135 t ha-1) e 4 anos de cana-soca (96 t ha-1). Já para o SPD, a produtividade média é 
referente a 4 meses de soja (3,9 t ha-1 ano-1), 14 meses de cana-planta (151 t ha-1) e 4 anos de cana-soca (105 t ha-1). Para contabilizar a produção de mudas, 
optou-se por descontá-la da produção total de cana-de-açúcar, conforme Jungbluth et al. (2007).
No SPD, recursos naturais e insumos compartilhados para a produção de cana-de-açúcar e soja, assim como as emissões derivadas do seu uso, foram alocados segun-
do o critério de tempo de ocupação do solo, segundo Nemecek et al. (2008) e Matsuura et al. (2016). Assim, o fator de alocação para cana-de-açúcar foi de 0,75 e para 
a soja, 0,25.
As emissões foram calculadas de acordo com Nemecek e Schnetzer (2011) e Canals (2003), regionalizadas para a realidade brasileira. Não foram consideradas 
emissões de mudança de uso da terra, visto que o canavial em estudada estava estabelecido há mais de 20 anos.
Os impactos foram avaliados pelo método ReCiPe Midpoint (H) V1.12/World ReCiPe H (Goedkoop et al., 2012), com o software SimaPro®, v. 8.3.0.

RESULADOS E DISCUSSÃO3

O desempenho ambiental diferiu entre os dois sistemas estudados em todas as categorias de impactos analisadas (Figura 1), com melhores resultados para o SPD, em 
relação ao SCONV, à exceção da eutrofização de água doce. Atribui-se esta superioridade ao menor número de operações agrícolas, pois não se realiza o preparo do 
solo, mas principalmente à inclusão da soja como produto adicional, ocupando a terra durante a reforma. Chagas et al. (2015) relataram resultados semelhantes, inclusi-
ve uma redução de cerca de 30% nas emissões de gases de efeito estufa (GEE).
Na categoria mudanças climáticas, a redução da emissão de GEE com o uso do SPD, em relação ao SCONV, é da ordem de 25 %, o que equivale a 5,0 t CO2eq ha-1 por 
ciclo. De um modo geral, as etapas de produção e uso de fertilizantes e as operações agrícolas impactaram as categorias Mudança Climática, Formação de Material 
Particulado, Toxicidade Humana e Ecotoxicidade de Água Doce.
Já a produção e uso de pesticidas afetaram as categorias Ecotoxicidade Terrestre e Aquática e Toxicidade Humana. No SPD, a etapa de produção de soja impactou 
principalmente as categorias Ecotoxicidade Terrestre e Aquática e Eutrofização de Água Doce – esta última influenciada pela emissão de fósforo para águas superficiais 
por erosão. Para esta estimativa, devido à falta de informação específica para o SPD, foi assumida a mesma perda de solo atribuída ao SCONV, o que corresponde a uma 
abordagem conservadora. De maneira geral, o plantio direto reduz a erosão, portanto a perda de solo carreando fósforo, e seu efeito sobre a eutrofização de água, podem 
ser mais baixos que o estimado neste trabalho Ainda assim, o SPD apresentou melhores resultados em relação ao SCONV.
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Figura 1. Análise comparativa do desempenho ambiental (normalizado em relação às emissões globais do ano 2000.) 
da produção de cana-de-açúcar pelos sistemas convencional (SCONV) e plantio direto (SPD). (TEc Ecotoxicidade 
Terrestre; FEc Ecotoxicidade de Água Doce; TA Acidificação Terrestre; PMF Formação de Material Particulado; FEu 
Eutrofização de Água Doce; HT Toxicidade Humana; CC Mudança Climática).

CONCLUSÕES4

O estudo de avaliação de ciclo de vida confirma, de forma quantificada, os benefícios ambientais da adoção de práticas agrícolas conservacionistas, como a de plantio 
direto em cana-de-açúcar.
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ABSTRACT:
Purpose:
To identify the environmental impacts in the life cycle of 1 kg of eggs from Hisex White hens.

Methods:
The product system comprised: Feed Production, Transports (of chicks and grain) and Eggs Farm. Five impact categories of the CML-IA method were considered to 
perform a cradle-to-gate Life Cycle Assessment. The SimaPro© 8.0 was used as supporting tool. Primary data were obtained from an eggs farm placed at the southwest 
region of Bahia, Brazil, and secondary data from literature and databases (Ecoinvent and ELCD).

Results and Discussion: Grain Production was the most impacting in the categories Climate change - CC (35,50%), Eutrophication - ET (56,24%) and Land Use - LU 
(84,95%). The main contributors to impacts were the Horn Meal (19,5% in Acidification - AC and 14,2% in ET), Corn (9,79% in AC, 21,9% in ET and 5,03% in LU) and 
Soybean (20,1% in ET and 47,8% in LU). The transport of chicks was the most impacting in the categories CC (40,94%) and Depletion of abiotic resources - DA (48,70%). 
The vehicle usage resulted in potential impacts for CC category, due to CO2 emissions (39%), and DA category, due to diesel (42,2%) and natural gas (3,83%) consump-
tion.

Conclusions:
The impacts in the Eggs Farm were not relevant when compared to those occurred upstream. Prospective scenarios could help the identification of alternatives for 
reducing the main elementary flows from the potential impacts identified.

INTRODUCTION1

There are few Life Cycle Assessment (LCA) studies regarding eggs production when compared to other agroindustrial activities. In the World Food LCA database, this 
activity has only 0.55% of available agroindustrial life cycle inventories (SCHENKER, 2016).
LCA studies of eggs production have focused primarily on global warming potential. Pelletier et al. (2013) analyzed the carbon footprint of eggs production in the Midwest 
of the USA; Vergé et al. (2009) estimated the GHG emissions of Canadian poultry industry, including eggs production; Cederberg et al. (2009) compared GHG emissions 
in meat, milk and egg production in Sweden.
In addition to GHG, Wiedemann and McGahan (2011) investigated the Cumulative Energy Demand (CED) and the Water Footprint of eggs in Australia; Pelletier et al. (2014) 
included the CED, Acidification and Eutrophication in the USA; and Ghasempour and Ahmadi (2016) studied ten impact categories, including Acidification and Eutrophica-
tion in Iran.
Pelletier (2017) studied the Acidification, Eutrophication and GHG Emissions, as well as Land, Water and Energy Uses in an environmental life cycle assessment of eggs 
production in Canada, considering different hen housing system types.
This study performed an environmental impacts assessment of eggs production in Brazil.
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Unit Process Process from SimaPRO Amount Unit 

Inputs 
Transport – chicks Transport, lorry 3.5-16t, fleet average/RER S * 31.515 (E) t.km 
Transport – grain Transport, lorry >28t, fleet average/CH S * 14.31(E) t.km 
Transport – other 

inputs Transport, van <3.5t/CH S * 0.63 (E) t.km 

Electricity 
Electricity. medium voltage, production BR, at 

grid/BR S * 0.2415 (V) kWh 

Liquefied petroleum gas, at service station/CH S * 0.0255 (V) kg 

Water Water, river * 9.339 (E) L 

Feed Production 

Horn meal, at regional storehouse/CH S * 5.674 (V) kg 
Corn, at farm/US S * 2.203 (V) kg 

Soybeans, at farm/BR S * 1.034 (V) kg 
Limestone, milled, packed, at plant/CH S * 0.165 (V) kg 

Buildings 

Occupation, construction site 4.714E-7 (E) ha.a 
Pine wood, timber, production mix, at saw mill, 40% 

water content DE S ** 1.947E-4 (E) ton 

Brick, at plant/RER S * 0.012 (E) kg 
Fibre cement corrugated slab, at plant/CH S * 0.009 (E) kg 

Outputs 

Emissions 
Methane * 0.00115 (E) kg 

Dinitrogen monoxide * 0.000163 (E) kg 
Ammonia 0.008759 (E) kg 

Eggs  1 (V) kg 
 * Ecoinvent database; ** ELCD database   

(E) Estimated; (V) Verified 

Figure 1 – Product System 

Table 1 - Inventory of 1 kg of white Hisex White hen eggs in conventional cage system 

METHODOLOGY2

An attributional LCA cradle to gate study was performed according to the standards ISO 14040 (2006) and ISO 14044 (2006), defining: 
– Function and Functional Unit (FU): the production of 1 kg of eggs (FU) from Hisex White hens under conventional cage system. The product system (Figure 1) comprised: 
the stages of feed production (grains and horn meal), transport (chicks and grains), and eggs production (breeding, fattening, posture, classification and packaging). The 
software SIMAPRO® 8.0.5 was used to modelling the product system and as computational tool to analyze the life cycle inventory (LCI) and to perform the impact 
assessment (LCIA) at midpoint level. Five impact categories from the CML-IA method were considered: Climate Change (CC), Acidification (AC), Eutrophication (ET), Land 
Use (LU) and Depletion of Abiotic Resources (DA). 

Data collection for the LCI (Table 1) included site-specific primary data, which correspond to eggs production activities in a farm located in southwestern of Bahia state, 
Brazil. This farm represents about 20% of the state, with a herd around 50 thousand hens and production of 48 thousand eggs daily, approximately. Secondary data corres-
pond to activities upstream of the farm (feed production and transport), obtained from Ecoinvent v.2 and ELCD databases; and emissions from chickens and manure 
(inside the farm), estimated using empirical and theoretical models (IPCC, 2006).
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Figure 2 – Impacts assessment of eggs production (CML-IA), in %.

RESULTS AND DISCUSSION3

The Feed Production was the most impacting in three categories (AC, ET and LU), followed by Transport of Chicks that was most impacting in CC and DA categories 
(Figure 2).
The main contributors in Feed Production were the horn meal (19.5% in AC and 14.2% in ET), the corn (9.79% in AC, 21.9% in ET and 5.03% in LU), and the soybean 
(20.1% in ET and 47.8% in LU).

Considering the elementary flow level, the Transport of Chicks had the CO2 emissions (39%) from vehicle as the main contributor to CC category. The consumption of 
petroleum (42.2%) and natural gas (3.38%) contributed for DA category.
As in this work, Cederberg et al. (2009), Wiedemann and McGahan (2011), Pelletier et al. (2013), Ghasempour and Ahmadi (2016), and Pelletier (2017), also identified 
the grain production as the main contributor for CC category. This is mainly due to emissions associated with changes in land use, the use of fertilizers and mechanization.
The Brazilian poultry feed production uses mainly the corn and the soybean, that are intensive and large-scale crops. The intensifying of agriculture and processing stage 
of these grains will result in higher environmental impacts like Eutrophication and Land Use due to the intensification and increase of production scale, the crop-growing 
areas, as well as the use of transportation.
For AC category, the main contributors were the horn meal (19.5%) and the corn (9.75%), and for ET were the corn (21.9%), the soybean (20.1%) and the horn meal 
(14.2%). The elementary flows for AC category are related to sulfur dioxide, ammonia and nitrogen oxide emissions. For ET are the losses due to the runoff of nitrogen 
and phosphate fertilizers, used in grains production.
Fertilizer production requires high consumption of fossil fuels and electricity. Thus, due to differences in the energetic matrix, is expected that the impacts associated to 
such production in Brazil can to be lower than in Europe or the USA. On the other hand, most fertilizers used in Brazil (70%) are still imported (Willers et al., 2017). In the 
LU category, feed production corresponded to 84.94% of the environmental load, with the soybean (47.8%) and maize (36.6%) as the main contributors. This confirms 
that the animal feed production is a significant contributor for the environmental load of the productive system.
According to Cederberg et al. (2009), Wiedemann and McGahan (2011), and Pelletier et al. (2013), chicken excreta are the main contributors to environmental impact in 
acidification and eutrophication categories in all systems studied. However, this study considers the animals' excreta composting which, according to Webster et al. 
(2006), provides better nitrogen retention, with lower volatilization of ammonia and other nitrogen compounds.
The Transport of Chicks (48.7%) and Transport of Grains (29,22%) were the unit process that most contributed for DA category. The main elementary flows were the 
petroleum and the natural gas. The chicks and the grains are transported by by road, for about 2500km and 750km, respectively. This scenario indicates to a high 
consumption of fossil fuel derivatives, mainly diesel.

CONCLUSIONS4

Feed production and the transport of chicks were the main contributors for the negative impacts in the eggs' life cycle.
Impacts within eggs farm boundaries were insignificant for most categories, when compared to those upstream, except for the Acidification category.
Prospective scenarios should be modeled aiming at identifying alternatives to reduce environmental impacts due to main contributors.
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RESUMEN:
Introducción. La Argentina tiene una industria azucarera de larga tradición siendo la Provincia de Tucumán el centro neurálgico de esta actividad productora de azúcar y 
etanol combustible. Este trabajo tiene como antecedente un estudio reciente de Análisis de Ciclo de Vida (ACV) de la industria de la caña de azúcar en el que las labores 
de cultivo de la caña se clasifican en tres niveles tecnológicos: alto (NTA), medio (NTM) y bajo (NTB). Objetivos. Complementar el ACV con un análisis de costos de ciclo 
de vida (LCC) teniendo en cuenta los niveles tecnológicos antes mencionados. Método. Se utiliza el LCC, el cual, en el contexto de Pensamiento de Ciclo de Vida, es un 
procedimiento para determinar la suma de los costos asociados a un bien en su ciclo de vida (adquisición, instalación, operación, mantenimiento y disposición final). 
Resultados y conclusiones. Se muestra que no hay diferencias significativas entre niveles tecnológicos en cuanto a costos de producción de caña de azúcar, pero sí en 
el margen bruto. Se observa un valor creciente del margen bruto a medida que se incorpora tecnología al campo, y en este mismo sentido disminuye la magnitud de la 
mayoría de las categorías de impacto ambiental.

ABSTRACT:
Argentina has a long tradition sugarcane industry being the Province of Tucumán the center of this activity, which produces sugar and fuel ethanol. The present work has 
as antecedent a recent Life Cycle Analysis (LCA) of the sugarcane industry in which labors associated to the cane culture are classified according to three technology 
levels: high (NTA), medium (NTM) and low (NTB). Objectives. It is to go further and perform a Life Cycle Cost Analysis (LCC) of these technology levels. Methods. In the 
context of Life Cycle Thinking, LCC is a procedure for determining the sum of costs associated with a good (acquisition, installation, operation, maintenance and final 
disposal costs). Results and conclusions. It is shown that there are no significant differences between technology levels in sugarcane production costs. However, there 
is an increasing value of the gross margin as the incorporation of technology to the agriculture labors increases. In the same way, the value of most of the environmental 
impact categories decreases.
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Tabla 1. Principales características de los tres NT considerados

INTRODUCCIÓN1

La Argentina tiene una importante industria de la caña de azúcar (azúcar y alcohol), concentrada en el noroeste del país, la cual es un pilar de la economía de la provincia 
de Tucumán: 65% de la producción argentina (EEAOC 2015). La estructura productiva engloba unos 5000 productores independientes con diferentes niveles tecnológicos 
(NT) (INDEC 2002). Si bien la abundancia de recursos naturales hace de la Argentina un excelente proveedor de derivados de la caña, los problemas asociados a la 
intensificación del cultivo (cambio de uso del suelo, competencia con alimentos, impacto del transporte y grandes volúmenes de efluentes) plantean importantes 
desafíos. 
Existen numerosos estudios de Análisis de Ciclo de Vida (ACV) de com-bustibles a partir de caña -centrados en reducir el consumo de combustibles fósiles y las emisio-
nes de gases de invernadero-, que no siempre incluyen un análisis económico. Por esto; un estudio que muestre diversas categorías de impacto junto a un índice econó-
mico es una necesidad urgente. Algunas contribuciones sobre ACV y caña de azúcar argentina son: Mele et al. (2011) y Amores et al. (2013). Luo et al. (2009), Galdos 
et al. (2013), García et al. (2011) y Jenjariyakosoln et al. (2014), entre muchos otros, realizaron ACVs de la actividad cañera en otros países, los cuales no reflejan el 
caso argentino. Además, no se conoce una caracterización económico-ambiental que discrimine los diferentes NT agrícolas en la producción de caña.
El presente trabajo se basa en un ACV reciente (Nishihara Hun et al., 2016) en el que los niveles asociados a la producción de caña se clasifican en: alto (NTA), medio 
(NTM) y bajo (NTB). El objetivo es hacer un Análisis de Costos de Ciclo de Vida (LCC) para estos niveles, considerando costos corrientes de adquisición, instalación, 
operación, mantenimiento y disposición (Scott M. et al., 2016). El LCC complementará al ACV dado que este último no refleja por sí solo los trade-offs entre el desempeño 
ambiental y económico.

METODOLOGÍA2

El estudio de ACV se realizó según la serie ISO 14040 (2006) y el de costos según Ciroth et al. (2008). La definiciones (límites del sistema, modelo de impacto) y demás 
consideraciones para el estudio de ACV se detallan en Nishihara Hun et al. (2016). Los datos utilizados (ACV y LCC) corresponden a la campaña 2015 y se obtuvieron 
de entrevistas con técnicos de INTA-Famaillá y productores de Tucumán, eligiendo 1 ha como unidad funcional. La Tabla 1 muestra las principales características de los 
NT considerados.

Para el LCC se han calculado los costos de producción, los cuales se han dividido en Directos (CD) e Indirectos (CI) (Foulon, 1863). Los CD son los que sólo existen si 
se realiza la actividad: insumos y servicios consumidos en el ciclo productivo (ej.: semillas, labores, agroquímicos, cosecha y comercia-lización, etc.). Los CI son 
aquellos en que se incurre si la actividad es llevada a cabo o no (ej.: pago de servicios, gastos de administración, impuestos, etc.). No se tuvieron en cuenta las amortiza-
ciones.
Para determinar la rentabilidad del sistema se han utilizado tres indicadores: Margen Bruto (MB), Margen Neto (MN) y Precio de Equilibrio (PE). El MB es el valor de la 
producción (PR) menos los gastos operativos totales generados por la actividad (CD): MB = PR – CD. El MN se calcula deduciendo del MB los CI: MN = MB – CI. El PE 
indica el precio al que debería venderse el producto para recuperar los costos sin obtener beneficio alguno (MN nulo). 
Para el MB, los ingresos se estimaron considerando 64% de azúcar blanco (mercado interno), 5% de crudo, y 31% para exportación. Los precios promedio de azúcar de 
junio a diciembre de 2015 son: 3,76 $/kg azúcar blanco; 2,80 $/kg azúcar crudo y 1,82 $/kg azúcar para exportación. Los CI se estimaron como un 15% de los costos 
directos.

 Alto (NTA) Medio (NTM) Bajo (NTB) 
Rendimiento caña (t/ha) 75 62 55 
Rendimiento azúcar (kg/ha) 4811 3977 3528 
Frecuencia de renovación 
del cañaveral (años) 5 6 7 

Sistema de cosecha 80% mecanizada 
20% semi-mec. 

60% mecanizada 
40% semi-mec. 

20% mecanizada 
60% semi-mec. 

20% manual 
Quema del residuo escaso total total 
Uso de agroquímicos intensivo moderado escaso 
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Figura 1. Perfil ambiental de la caña de azúcar para cada NT: NTA, NTM y NTB. AD: rec. 
abióticos, AC: acidif., EU: eutrofiz., GW: cal. global, OD: ozono estratosférico, HT: toxic. 

humana, FE: toxic. agua dulce, TE: toxic. terrestre, PO: oxidantes fotoquímicos. 

Tabla 2. Costos de producción para productores cañeros con NTA.

RESULTADOS Y DISCUSIÓN3

La Figura 1 muestra el perfil ambiental (CML 2001) de la caña cosechada. En siete categorías de impacto, el NTA tiene menor impacto que NTM y NTB.

Los resultados del LCC se presentan en las Tablas 2 a 4. Como ejemplo, las Tablas 2 y 3 presentan la estructura de costos y los ingresos por ventas, respectivamente, 
para el NTA. La Tabla 4 muestra los resultados finales de los indicadores económicos MB, MN y PE.
Respecto de los costos de producción, no se observan diferencias significativas entre los NT, debido, en parte, a que la estructura de costos (preparación de suelo, uso 
de agroquímicos, etc.) es similar en NTM y NTA. Analizando cada labor por separado (Figura 2), se observa que en la preparación de suelo, plantación y cultivo caña 
planta, hay un aumento del costo a medida que el productor dispone de mejor tecnología. Sin embargo, estas etapas no representan un porcentaje significativo en los 
costos totales (Figura 3). En el cultivo de caña soca y en la cosecha, el NTM presenta los mayores costos. En el primer caso, esto se explica por el uso más intensivo de 
agroquímicos respecto de NTB pero menor capacidad de renovación del cañaveral respecto de NTA. En el caso de la cosecha, el sistema semi-mecanizado tiene mayor 
costo y es el que predomina en el NTM.

Actividades Cantidad Precio 
unitario ($) 

Total 
($/ha) 

Preparación de suelos   3820 
Plantación    
Caña semilla 12 t 148 1776 
Mano de obra 60 surcos 60 3600 
Fertilizante base 120 kg 9 1080 
Cultivo Caña Planta    
Tareas mecánicas   1260 
Herbicidas pre-emergentes (atrazina, 
acetoclor)   376 
Cultivo Caña Soca    
Tareas mecánicas   1620 
Fertilización 3,5 kg/ha/surco 6 ($/kg) 1260 
Herbicidas post-emergentes (2,4-D, 
MSMA, ametrina, atrazina, metaloclor, 
paraquat)   652 
Cosecha y Flete    
Mecanizada   6999 
Manual    
Semi-mecanizada   8814 
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CONCLUSIONES3

De un estudio de ACV anterior surgió que los sectores más tecnificados generaban menos impactos ambientales. El presente trabajo complementó ese estudio con una 
evaluación de costos de producción para determinar si existía una tendencia similar. A su vez, este trabajo también resulta de utilidad para analizar los cuellos de botella 
tanto ambientales como económicos en cada NT. Se observa que las mayores ganancias del sector y los menores impactos ambientales corresponden a productores 
del NTA. Si bien los resultados sugieren que las mejoras tecnológicas son positivas, es preciso tener en cuenta que el concepto de sostenibilidad también comprende 
aspectos que de alguna manera podrían justificar la participación del sector de escasa tecnología.

Tabla 3. Determinación del ingreso por ventas, NTA.

Tabla 4. Resumen indicadores económicos (unidad funcional = 1 ha).

Por otro lado, se observa que los productores que disponen de mejor tecnología obtienen un MB y un MN más elevado, y un PE más bajo.

Concepto Participación (%) Cantidad (kg) $/kg Total ($/ha) 
Azúcar blanco 64 3079 3,76 11.576 
Azúcar crudo 5 241 2,8 673 
Exportación 31 1491 1,82 2714 
Total 100 4811  14.964 

Concepto NTB NTM NTA 
Ingreso por ventas ($/ha) 10.974 12.370 14.964 
Costos directos ($/ha) 12.101 12.685 12.574 
Costos indirectos ($/ha) 1815 1903 1886 
Margen Bruto ($/ha) -1127 -314 2390 
Margen Neto ($/ha) -2942 -2217 504 
Precio de equilibrio ($/kg) 3,9 3,7 3,0 

Al proyecto PNIND-1108074 de INTA.
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RESUMEN:
Objetivo: El objetivo del presente estudio fue estimar el perfil ambiental de la producción agrícola de sorgo azucarado en la provincia de Tucumán (Argentina) para su 
potencial uso como materia prima azucarada en la producción de bioetanol. Además, se plantearon los avances en la producción de bioetanol de sorgo para la generación 
de un inventario de ciclo de vida (ICV). 
Metodología: El estudio se realizó empleando como herramienta el Análisis de Ciclo de Vida (ACV). El alcance del estudio contempla solamente la etapa agrícola de 
producción de sorgo. Para el inventario, se utilizaron principalmente datos aportados por experiencias realizadas en el campo, publicaciones especializadas y la base de 
datos Ecoinvent v3. Se trabajó con una herramienta informática de soporte SimaPro® v8.3.0.0, usando como método de evaluación de impacto el modelo ReCiPe 
Midpoint V1.12. 
Resultados y discusión: Los resultados mostraron que la mayor contribución al impacto ambiental fue debida a la producción de diesel y herbicidas, principalmente. 
Conclusiones: A partir de este análisis y la factibilidad de industrializar el sorgo azucarado para producción de bioetanol surge la necesidad de realizar estudios de ACV 
del bioetanol de sorgo, y evaluar así la sostenibilidad de los biocombustibles. Estas iniciativas de investigación servirán para que el sector productivo tucumano se pueda 
diversificar y concretar objetivos claros para obtener una mejor disponibilidad de energía renovable.
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ABSTRACT:
Purpose: The aim of this study was to estimate the environmental profile of sweet sorghum production in the province of Tucumán (Argentina) and its potential as a 
feedstock for ethanol production. In addition, advances in the production of sorghum bioethanol for the generation of a life cycle inventory (LCI) were made.
Methods: The study was performed using Life Cycle Analysis (LCA) as a tool. The scope of the study considered only the agricultural stage of sorghum production. For 
the inventory, data generated by field experiences and specialized publications were used, as well as the Ecoinvent v3 database. SimaPro® v8.3.0.0 was used as a 
support tool, using the ReCiPe Midpoint V1.12 model as an impact evaluation method.
Results and discussion: Results showed that the major contribution to the environmental impact was due to the production of diesel and herbicides. 
Conclusions: Based on this analysis and the feasibility of industrializing sweet sorghum for bioethanol production, there is a need to carry out LCA studies of this product 
assessing the sustainability of biofuels. Research initiatives will serve local farmers and industry in order to diversify and achieve clear goals to obtain a better availability 
of renewable energy.

INTRODUCCIÓN1

El aumento de los precios del petróleo afecta a las economías del mundo exigiendo una disminución de la explotación de los hidrocarburos. Además, las políticas de 
mitigación de los gases de efecto invernadero (GEI), en las que contribuye potencialmente el transporte, genera el uso de los biocombustibles líquidos como fuente de 
energía renovable, a partir del aprovechamiento de la biomasa con fines energéticos (Pieragostini, 2015).
La Argentina buscó en la última década replantear su matriz energética priorizando el uso de la bioenergía, especialmente de los biocombustibles líquidos, lo que conlleva 
a promover el desarrollo rural y reducir las emisiones de GEI, dándole un valor agregado a las diferentes cadenas agroindustriales. (Chidiak et al, 2015).
Entre los biocombustibles líquidos que han adquirido importancia a nivel global, con una particular participación en el sector del transporte, se encuentra el bioetanol. 
Éste, es capaz de reducir las emisiones de GEI, mejorar la calidad del aire y competir en precio con las fuentes energéticas convencionales no renovables (Cárdenas, 
2011).
Existen antecedentes que demuestran el elevado potencial de producción de biomasa en los cultivos energéticos tales como caña de azúcar (60-90 t/ha) y sorgo azuca-
rado (50-80 t/ha), respecto de otras alternativas como son la remolacha azucarera (35-60 t/ha), maíz (7-12 t/ha) y trigo (5-7 t/ha). La producción de etanol por hectárea 
es mayor en el caso de la remolacha azucarera (6000 l/ha), seguida por caña de azúcar (5800 l/ha) y maíz (4000 l/ha). El nivel alcanzado por el sorgo azucarado (2500 
l/ha) también resulta destacable. Otros indicadores fundamentales en la producción de biocombustibles son el balance energético (BE) y la emisión de gases de efecto 
invernadero evitadas. En este sentido, se destaca la caña de azúcar con un BE de 0,9 a 12 y una emisión evitada de 90%. Por su parte el, sorgo azucarado presenta un 
BE de 5 a 8 y una emisión evitada de 70%. El resto de los cultivos citados alcanza niveles menos favorables, llegando incluso a realizar aportes negativos, como es el 
caso de las emisiones de GEI del cultivo de maíz (30 a 40%) (Romero et al., 2012). 
En Tucumán, la producción de bioetanol es a partir de la caña de azúcar en destilerías anexas a ingenios azucareros utilizando las mieles del proceso de fabricación de 
azúcar como materia prima. El bioetanol generado se mezcla en las proporciones establecidas por ley con gasolina para utilizarse en el sector transporte. 
El sorgo azucarado (Sorghum bicolor (L.) Moench) es otro cultivo energético, de alta eficiencia fotosintética y productividad, viable de ser cultivado en Tucumán. Es un 
material apto para industrializarse en los ingenios azucareros del Noroeste Argentino (NOA), para usarse como cultivo de rotación de la soja y especialmente para 
cultivarse en áreas donde la caña de azúcar presenta limitaciones hídricas. A nivel industrial, este cultivo presenta grandes ventajas ambientales, económicas y técnicas 
puesto que incrementaría el abastecimiento de materia prima azucarada para la producción de bioetanol gracias a su elevado contenido en azúcares fermentescibles en 
el jugo de sus tallos, y de generación de energía eléctrica con fuentes renovables por su elevado aporte de biomasa durante la cosecha (Residuos agrícolas) y la 
industrialización (Bagazo) sin modificaciones en equipos y procesos normalmente utilizados por los ingenios azucareros para procesar la caña de azúcar. Estas ventajas 
ayudarían a las empresas sucroalcoholeras a disminuir sus costos fijos de producción y reducir el consumo de combustibles no renovables derivados del petróleo que 
actualmente constituyen el 90% de la matriz energética de la Argentina. (Romero et al, 2012).
Este potencial fue comprobado en una experiencia a nivel industrial realizada en el año 2016 por un ingenio azucarero de Tucumán quien procesó sorgo azucarado en 
sus instalaciones logrando obtener bioetanol por fermentación de jugo clarificado.
Por ello, el sorgo azucarado puede cumplir un papel importante complementando el aprovechamiento agro-energético de la caña de azúcar, cadena agroindustrial ya 
establecida en el NOA.
El objetivo del presente estudio fue estimar el perfil ambiental de la producción agrícola de sorgo dulce en la provincia de Tucumán para su potencial uso como materia 
prima azucarada en la producción de bioetanol, empleando como herramienta el Análisis de Ciclo de Vida (LCA). Además, a partir de las experiencias realizadas en un 
ingenio azucarero se obtuvieron datos preliminares para la generación de un inventario de ciclo de vida (ICV) de la producción de bioetanol de sorgo. 
Dicho estudio se enmarca dentro del “Proyecto Biosorgo: producción comercial de bioetanol y bioelectricidad a partir de sorgo azucarado, cultivo energético comple-
mentario de la caña de azúcar”, de la Estación Experimental Agroindustrial Obispo Colombres (EEAOC).
Con el fin de cumplir con criterios de sustentabilidad (Farrell et al. 2006), los productores de bioetanol argentinos se enfrentan al reto de analizar más detenidamente el 
comportamiento ambiental de sus productos.
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METODOLOGÍA2

El estudio se realizó teniendo en cuenta la metodología propuesta por la norma ISO 14040 de Análisis de ciclo de vida.
Fase 1. Definición del objetivo y alcance del estudio.
Se definió como objetivo del estudio estimar el perfil ambiental del cultivo de sorgo azucarado en la provincia de Tucumán. Para el análisis, se seleccionó un productor 
de la localidad de Graneros en el sudeste de la provincia de Tucumán. El alcance del estudio consideró sólo la etapa agrícola de producción de sorgo, definiéndose la 
unidad funcional en 1 kg de sorgo. El sistema de manejo agronómico planteado comprende las labores de siembra directa, aplicación de herbicidas pre y post emergen-
tes, así como el control de plagas correspondiente (insecticidas). Se consideró para la cosecha, una cosechadora mecánica integral de caña de azúcar y el equipamiento 
necesario para el apoyo de estas tareas. Se tuvo en cuenta el consumo de combustible para dichas tareas, un ciclo del cultivo estival de 120 días y un rendimiento de 
biomasa estimado en 34,5 t /ha (tallo molible).
Fase 2. Análisis de inventario de ciclo de vida.
En la fase de inventario se priorizaron los datos primarios aportados por las experiencias realizadas en el campo durante el año 2015. La información se completó con 
datos secundarios de diversas fuentes (entrevistas con expertos y publicaciones especializadas) y bases de datos internacionales como Ecoinvent v3 (Swiss Centre for 
Life Cycle Inventories, 2015). También se realizaron balances de materia y energía para estimar ciertos valores como las emisiones GEI en la combustión de combustibles 
fósiles.
Fase 3. Evaluación de impacto del ciclo de vida
Se trabajó con una herramienta informática de soporte SimaPro® v8.3.0.0 (PRéConsultants, 2015), usando como método de evaluación de impacto el modelo ReCiPe 
Midpoint V1.12 (Goedkoop et al., 2008).
Fase 4. Interpretación
Como parte de esta etapa, se analizaron los resultados obtenidos en las fases anteriores.

RESULTADOS 3

La Figura 1 muestra cómo se compone el impacto ambiental asociado a la producción de 1 kg de sorgo azucarado en la provincia de Tucumán. En abscisas se muestran 
catorce de las categorías de impacto de la metodología ReCiPe Midpoint V1.12 y en ordenadas, la contribución de los procesos intervinientes, en cada categoría, expresa-
da en porcentaje. Los colores representan a los diferentes procesos que intervienen directamente en la producción de sorgo azucarado. 

Puede observarse que en todas las categorías de impacto predomina la contribución del proceso de producción de combustible fósil (diésel) y producción de herbicidas, 
principalmente.
En las categorías “agotamiento de ozono” y “agotamiento de fósiles” la producción de diesel (naranja) contribuye en un 75% y 83.6% respectivamente, mientras que la 
producción de herbicidas (rojo) aporta un 23.5% y 15.3% a las categorías mencionadas. 
El impacto propio de la producción de sorgo (azul) es evidente en la categoría “cambio climático” y “ecotoxicidad acuática”. En el primer caso, se debe al uso de diesel 
en las tareas de campo, tales como siembra y cosecha. Tambien contribuyen al cambio climático la producción del combustible fósil y algunos agroquímicos. En la 
categoría “ecotoxicidad acuática” el impacto es consecuencia de la aplicación de herbicidas e insecticidas.
El impacto de la producción de insecticidas es evidente en la categoría “agotamiento de metal”

Figura 1. Perfil ambiental del sorgo azucarado en Tucumán, estimado para 1 kg de sorgo (caracterización).
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En cuanto a “eutrofización” y “toxicidad humana”, la producción de herbicidas contribuye en un 74% y 65.6% respectivamente.
Sin embargo, los resultados mostraron en la etapa de normalización (por razones de espacio se omite el gráfico) que el mayor impacto resulta en la categoría “ecotoxici-
dad acuática” debido a la producción de agroquímicos y en menor medida a la producción del combustible fósil. La producción de sorgo no presenta una gran contribu-
ción en la categoría cambio climático.

CONCLUSIONES 4

Los resultados expuestos en este estudio permitirán realizar ajustes en el manejo agronómico del cultivo de sorgo azucarado con fines bioenergéticos. 
El perfil ambiental estimado permitirá optimizar el uso de agroquímicos como así también generar cambios en la apreciación y la elección de los mismos, buscando no 
sólo un efecto sanitario sino también el menor impacto ambiental posible. También, favorecerá análisis orientados a reducir el número y la duración de labores mecaniza-
das y mejorar la eficiencia en el uso de la maquinaria. 

Dada la factibilidad de industrializar el sorgo azucarado para producción de bioetanol, surge la necesidad de realizar estudios de análisis de ciclo de vida del bioetanol de 
sorgo, desde la extracción de materia prima (producción agrícola de sorgo) hasta la fabricación del bioetanol (enfoque “de la cuna a la puerta”). De esta manera se 
continuará evaluando la sustentabilidad de los biocombustibles.
Las experiencias realizadas en un ingenio azucarero proporcionaron los primeros datos para la confección preliminar de un inventario de ciclo de vida y la planificación 
de mediciones de emisiones en una próxima molienda.
Estas iniciativas de investigación servirán al sector productivo tucumano para diversificarse y concretar objetivos claros para obtener una mejor disponibilidad de energía 
renovable.
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ABSTRACT:
It is common for school buildings in Singapore to undergo major renovations or even demolitions after less than 30 years. Reasons for such renovations or demolitions, 
which typically generate large amounts of construction and demolition wastes, include need for additional infrastructure, changes in educational curricula, increase in 
student and staff populations. The objective of this study is to identify patterns in the renovations or demolitions of 12 school buildings and propose a coherent set of 
design guidelines that creates alternate designs for these schools that can reduce the need or extent of future renovations and demolitions. For each of these alternate 
design, we estimated the potential net amount of construction and demolition wastes that could be saved and, by using life cycle impact assessment methodology, 
estimated the net decrease in life cycle impacts (namely, global warming potential and acidification potential) and resource requirements (namely, energy and water). 
Based on these findings, broad policy recommendations for improving future building designs were proposed.

Keywords:
Life cycle assessment, adaptive building design, construction and demolition wastes

INTRODUCCIÓN 1

To improve the overall quality of education for primary school students in Singapore, the Ministry of Education, under the Primary Education Review and Implementation 
program, recommended that all schools be transferred into a single session model. Long term, a total of 18 new schools will be built and enhancement of 80 existing 
schools was planned in the future. These constructions and renovations aimed to provide more flexibility in curricular time and teachers the ability to provide holistic 
education through a wider range of academic and non-academic activities.

However, these renovations have resulted in large amounts of construction and demolition (C&D) wastes. The aim of this study is to, firstly, understand patterns in the 
ways 12 selected old school buildings were renovated. Next, environmental impacts and resource consumptions of these patterns of renovations were quantified, before 
design guidelines were proposed to improve the adaptability of future school building designs. Finally, the expected reductions in environmental impacts and resource 
consumptions of these adaptable designs were estimated. 

METHODOLOGY 2

This study is divided into two parts. 

In the first part, 12 school buildings were studied; they had undergone renovations and for each of these buildings, the nature of their adaptability was evaluated in terms 
of four key factors – internal adaptability, extension adaptability, use adaptability, and planning adaptability. 

Internal adaptability refers to the ability of the existing interior layout of the building to adapt to future changes of space (for example, segregation of interior space). 
Extension adaptability refers to the ability to have physical elements, such as an extra floor, be added to an existing structure to allow the building to adapt to new require-
ment and perform additional functions. Use adaptability refers to the ability of the modified space to be used for alternate uses without any renovations in the future. 
Planning adaptability is enhanced if supporting structures of the building can adapt to future uses easily by means of using “transformable materials or structures” (for 
example, by the use of lightweight materials).

For any renovation or demolition performed on each of these buildings, the amount of resources required – namely, cost, time and effort – were estimated and scored; 
this is termed “resource score”. For example, any work that requires installation of structural elements, including demolition of existing blocks, is rated as “high” in cost, 
effort and time; each of these are given a score of “5” on a scale of 1-5. Any cosmetic modification, including paint work, is rated as “low” and scored “1”. In short, every 
piece of construction job performed on a certain school building was evaluated according to:
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I) Improvement in the various types of adaptability, and
II) Resource score.

The higher the improvement in adaptability and lower the resource score, the more desirable the renovation is.

The environmental impacts of the renovation projects and alternate designs are calculated using life cycle assessment (LCA). LCA is a methodology for assessing the 
inputs into, and outputs from, the various life cycle stages of a product or service; these flows can then be converted into various environmental impacts. LCA is a 
common methodology used for building materials. For example, Bjorklund et al. (1996) conducted a comparison of different structural materials using an LCA approach. 
The life cycle energy consumption and greenhouse gas (GHG) emissions for wood, steel, and concrete structural commercial building frames were also compared by 
Canadian Wood (1997) and Cole (1999). There were also studies that incorporated life cycle costs into the comparison; these include those by Guggemos and Horvath 
(2005) and Weight (2003). 

In this study, as far as possible, the life cycle inventory (LCI) of the building materials in these buildings were calculated from local sources; whenever local data was 
unavailable, LCIs were obtained from generic databases such as Ecoinvent or GaBi.

RESULTS AND DISCUSSION3

Analyses revealed that after renovations, most of these buildings improved their extension and use adaptability. However, about 50% of these renovated buildings do not 
have internal and planning adaptability. 

Figure 1 shows the percentages of high, medium and low resource scores for each of the 12 school buildings. It was found that all but one school (school 10) has a 
majority of high resource scores. In other words, even after incurring large amounts of resources for renovations, only 50% of these buildings improve their internal and 
planning adaptability. Although school 10 performs the best based on resource scores, its use adaptability is low.

Notwithstanding this weakness, the original design of school 10 offers a few key guidelines for improving future design of school buildings, so that resource consumptions 
during renovation can be reduced and overall adaptability can be enhanced; they are:

I)  Allocate additional buffer spaces, such as recreational spaces, around existing buildings that can be used for extension in the future. This implies that such recreational 
spaces must be reconfigurable to synchronize with future extension of built up space.

II) Ensure connections among different parts of the building. These connections should be expanded and even improved after the renovation.

III) Utilize interior partitions (especially drywalls) or prefabricated demountable panels to enable internal space to be modified according to changing needs.

IV) Ensure a degree of redundancy in the mechanical system, including additional air inlets and outlets. 

Figure 1. Percentages of high, medium and low resource scores for the renovation works performed for 
the 12 school buildings.
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LCA results indicate that, on average, the renovations in the 12 buildings incurred 380 metric tonnes of building materials per building, most of which was reinforced 
concrete. This resulted in an additional 53.8 metric tonnes of CO2 equivalent, 4.42 metric tonnes of SO2-eq, 584.3 GJ of energy and 34.2 metric tonnes of water. 

If all buildings were designed and constructed using the abovementioned four-point guideline, there is a possibility of the average environmental impact to be reduced by 
10%.

CONCLUSIONS4

Detailed evaluations of 12 school buildings in Singapore revealed opportunities for improving the design of future schools, so that adaptive reuse is possible and resource 
consumption during the renovations of these buildings can be reduced. The general design guidelines based on the study of school 10 can be applied to future school 
buildings, and there is a potential to reduce the environmental impacts and resource consumptions by 10%. 

These results show that it is important for future policies to encourage the implementation of the four-point guideline in school designs, by incorporating this guideline in 
future version of the Green Mark Scheme, which is the local green building standard and assessment system.

The next step of the project is to consider the recyclability of the C&D wastes generated from these renovation projects and how by using these wastes in future projects, 
the life cycle impacts and resource consumptions can be further reduced.
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