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ABSTRACT. The application of a method for determining the weighted environmental impact of the life cycle of microalgae, with the purpose
of carotenoids production, is described in this paper. The environmental impact is calculated, through a Weighted Matrix. The impact of 20
activities of the life cycle of microalgae, in 19 medium level impact categories and in 4 final level impact categories are shown (matrix base
20*19*4). This evaluation shows that microalgae are friendly with the environment. The achieved results, verify that microalgae are an excel-
lent biomass that can be used or the production of compounds of higla dded/ alue.

Keywords: WeightedV atrix, Life Cycle, Compounds, HighA dded/ alue.

RESUMO. Este estudo visa aaplicagdo de um método para determinagdo do impacto ambiental ponderado de estégios e atividades do ciclo
de vida das microalgas, com a finalidade de produgdo de carotenodides. O impacto ambiental € foi calculado pela matriz de ponderagdo de
impacto ambiental. Foi analisado o impacto das 20 atividades do ciclo de vida de microalgas em 19 categorias de impacto de nivel médio e em
4 categorias de impacto de nivel final (Matriz base 20*¥19*4). Esta avaliagdo mostrou que as microalgas sdo benéficas ao meio ambiente, e que

sua biomassa pode ser utilizada para a produgdo de compostos com alto valor agregado.

Palavras-chave: matriz de ponderagdo, ciclo de vida, compostos, alto valor agregado.

INTRODUCTION

Microalgae have the potential to meet the growing energy
demand expected in the coming decades. These organisms have
many advantages over traditional terrestrial crops in biofuel
production. Among these advantages, it is the ability to produce
biomass per area and time unit, representing a large productivity
beyond the obtained by the main land cultures, used as feedstock
for production of other derivatives. Another feature in favor
of microalgae is that theyd o not require fertile land and lean
water, because they can be produced at marginal areas without
competing with food production. However, there is no common
consensus in the short term, on the economic viability of other
products production from these organisms (De Azeredo, 2012).

Microalgae have been the subject of studies for multiple
purposes, especially by the United States and Brazil, through

INTRODUCAO

E de conhecimento que as microalgas apresentam um
potencial para suprir a crescente demanda de energia prevista
para as proximas décadas. Estes organismos tém inumeras van-
tagens sobre as culturas terrestres tradicionais na producéo de
biocombustiveis. Entre essas vantagens, a capacidade de produzir
biomassa por unidade de area e tempo, 0 que representa uma
produtividade muito além das obtidas pelas principais culturas
terrestres, utilizadas como matéria prima na producao de outros
derivados. Outra caracteristica a favor das microalgas ¢ o fato de
que elas ndo necessitam de terras férteis e agua potavel. Portanto,
podem ser produzidas em areas marginais, sem competir com a
producéo de alimentos. Entretanto, ndo hAum consenso comum,
em curto prazo, sobre a viabilidade econdmica da produgao de
outros produtos a partir desses organismos (de Azeredo, 2012)
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research programs that began in the 70’s, but which are gaining
prominence only now. These unicellular organisms inhabit
almost all existing environments. However, in most cases, the
microalgae live in marine environments.

Currently, there are studies for an efficiently production
from biomass, in particular the microalgae, destined to food,
energy and biofuels. Many centers in Spain, USA, Cuba, Brazil,
Japan, China; etc. develop research in order to produce various
microalgae products withh igla ddeds alue.

The production of microalgae has benefits that can be sum-
marized in three areas: economic, environmental and social.

Economic - their biomass is renewable, which will al-
low greater diversification. The raw material of interest and
by-products generated from their processes can have other
uses (insecticides, fertilizers, animal feed, etc.), according to
economic viability. With this, we can develop agribusiness,
reduce imports and) enerate new exportable products.

Environmental - the production and use of biomass can
contribute to the regeneration of soils unsuitable for agricul-
ture, increase biodiversity and reduce global warming through
carbon sequestration. Currently the production of fuels from
biomass, including biodiesel and bioethanol, are growing in
the world, due to the need to find a viable solution to produce
sustainably energy. The microalgae biomass meets this demand.

Social — it has a positive social impact as it creates jobs,
improving the qualityo f life from this people.

Increased knowledge about the importance of protect-
ing the environment from the potential impacts associated
with manufacturing and / or consumed products, has in-
creased the interest in developing methods to understand
and manage better these impacts. One method developed
for this purpose is the life cycle analysis (LCA). The life
cycle includes taking all phases of the existence of a product
or service, including extraction, production, distribution,
use and disposal. This cycle can be understood by the term
“from cradle to grave”.

The evaluation of the life cycle is a technique for
determining the aspects and potential environmental im-
pacts associated with a product. It consists in compiling
an inventory of relevant inputs and outputs of the systems,
evaluating the potential environmental impacts associated
with them, and to interpret results and objectives of the
study (ISO Standard, 2006a, 2006b).

LCA is a methodological tool to analyze quantitatively
the CV of products / activities within the context of its envi-
ronmental impact. The application of this tool has undergone
major changes during the nineties. It was quickly incorpo-
rated at the highest strategic levels Joint Research Center y
European Commission (2010), including in decision-making
and corporate policy levels. LCA is currently used to eval-
uate a wide range of products and activities, from design to
finished product, also in energy systems, food production
and transportation alternatives.

In addition, research conducted by universities, institutes
and consulting firms have further developed the procedures
and methods to carry out the LCA. It was declared by the

As microalgas vém sendo objeto de estudos para multiplos
fins, principalmente pelos Estados Unidos, Brasil e outros paises,
através de programas de pesquisa que se iniciaram na década dos
anos 70, mas que s6 agora estao ganhando destaque. Esses organis-
mos unicelulares habitam em quase todos 0s ambientes existentes.
Entretanto, em sua maioria, as microalgas séo de ambientes marin-
hos. Atualmente existem estudos para obter de forma eficiente a
partir de biomassa, em especial da microalgal; alimento, energia e
biocombustiveis. Muitos centros em Espanha, EUA, Cuba, Brasil,
Japdo e China, desenvolvem pesquisas visando produzir varios
produtos de alto valor agregado a partir de microalgas.

A produg@o destes organismos tem beneficios que podem
ser resumidos em trés areas: econdmica, ambiental e social.

Econbmica—suabiomassa é renovavel, 0 que irapermitir uma
maior diversificagdo. A matéria-prima de interesse e subprodutos
gerados a partir de seus processos podem ter outros usos (insetici-
das, fertilizantes, racdo animal, etc.) de acordo com a viabilidade
econdémica. Com isso, pode se desenvolver o agronegdcio, reduzir
as importacBes e gerar novos produtos exportaveis.

Ambiental - a produgdo ¢ utilizagdo da biomassa pode
contribuir para a regeneracdo dos solos improprios para a
agricultura, aumentar a biodiversidade e reduzir o efeito estufa,
através do sequestro de carbono. Atualmente a producéo de
combustiveis a partir de biomassa, entre os quais o biodiesel e
0 bioetanol, est&o crescendo no mundo, devido & necessidade
de encontrar uma solugdo viavel para produzir energia de forma
sustentével. A biomassa de microalgas atende a essa demanda.

Social - provoca um impacto social positivo, ja que cria
empregos e melhora a qualidade de vida.

Maior conhecimento sobre a importancia de proteger o
meio ambiente e os impactos potenciais associados aos produtos
manufaturados e / ou consumidos, tem aumentado o interesse no
desenvolvimento de métodos para melhor compreender e diminuir
esses impactos. Um dos métodos desenvolvidos para este fim ¢é
a Andlise de Ciclo de Vida (ACV). O Ciclo de Vida (CV) inclui
todas as fases da existéncia de um produto ou servico incluindo
a extracao, producdo, distribuicdo, utilizagao (uso) e eliminagao.
Esse ciclo pode ser entendido pela expressao “do ber¢o ao timulo™.

Aavaliacdo do CV é umatécnica para determinar os aspectos
e impactos ambientais potenciais associados com um produto.
Consiste em compilar um inventario das entradas e saidas dos
sistemas relevantes, avaliando os potenciais impactos ambientais
associados a estas, assim como de interpretacéo dos resultados
e de impacto dos objetivos do estudo (ISO Standard, 2006a,
2006b).A ACV ¢ uma ferramenta metodoldgica para analisar
quantitativamente o CV de produtos/atividades dentro do con-
texto de seu impacto ambiental. A aplicacdo desta ferramenta
sofreu grandes mudancas durante os anos 90. Ela foi rapidamente
incorporada nos mais altos niveis estratégicos Joint Research
Center y European Commission (2010), inclusive na tomada de
decisdes e niveis politicos corporativos. A ACV ¢ usada atual-
mente para avaliar uma ampla gama de produtos e atividades,
desde a concepcao até o produto acabado, também em sistemas
de energia, producdo de alimentos e alternativas de transporte.

Além disso, pesquisas realizadas por universidades, institutos
de pesquisa e empresas de consultoria t€ém desenvolvido ainda mais
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Joint Research Center y European Commission, (2010), that
the scope of an LCA depends on the objective to be achieved,
so this methodology is still under development. This constant
development clearly shows that there is no universal method
applicable in all situations.

This study aims to evaluate the environmental impact
of the production of microalgae biomass on a large scale, by
evaluating its life cycle (LCA) in order to obtain compounds
withh igla ddeds alue, for example, carotenoids.

METHODS

The current literature (Goedkoop et al., 2009), considers
the impact categories associated with medium and final levels.
These 19 types of medium level impact are shown in Table 1.

os procedimentos e métodos para realizara ACV. Foi declarado Joint
Research Center y European Commission, (2010),que o escopo de
uma ACV depende do objetivo a ser alcangado, por isso, esta me-
todologia ainda esta em desenvolvimento. Constante, mostrando
claramente que ndo existe um método universal aplicavel em todas as
situagBes. Com este estudo objetivou-se avaliar o impacto ambiental
da producdo de biomassa microalgal em escala ampliada, através
da avaliacdo de seu ciclo de vida (ACV), visando a obtengéo de
compostos com alto valor agregado, por exemplo, os carotendides.

METODOS

A atual literatura Goedkoop et al. (2009), considera as
categorias de impacto associadas a um nivel médio ¢ a um ni-
vel final. Essas 19 categorias de impacto ao nivel médio, estdo
apresentadas na Tabela 1.

TABLE 1. Categories of Environmental Impacts Associated with Medium Level, Their Indicators and Measures (Goedkoop et al.,
2009)
TABELA 1. Categorias de impactos ambientais associados a um nivel médio e seus indicadores e medidas (Goedkoop et al. 2009)

Categories of Environmental Impacts of
Medium Level

Indicator Measure

1. Ozone Depletion (OD)
2. Human Tok city{ HT)
3. Ionizant Radiation (IR)
4. Pbt och mical Ok d nts Formation (FOF)

Estratosph ric Concentration

Uranium Absorved Dose

Decease@ ar?
Weigh edR iskD ose --
Bed UZbm an?

5. Particulated aterial Formation(PMF)
6. Climate Ch nges (CC)
7. Terrestrial Ecotok city TE)
8. Terrestrial Acidification (TA)
9. Agricultural Area Occupation (AAO)

10. Urban Area Ocupation (UAO)
11. Natural Area Transformation (NAT)
12. Marine Ecotok city{ Me)
13. Aga tic Eutrops ation (AE)
14. Eutroph cation of Frestv ater (EUFW)
15. Frestv ater Tok citf FWEC)
16. Depletion of Water (DW)
17. Depletion of Mineral Resources (DMR)

18. El ustion of Fossil Resources (EFR)
19. Pandemics, Disasters, Corrosion, oth rs
(PDC)

Arch tectural Heritage

Ozone Photochemical Concentration b
Pm10 Ingestion B
Infrared Waves Emission Wano*m
Weigh edC oncentration Risk m?y art
Saturation Base m2g art
Occupation of Farmland m?y art
Occupation m?y art
Virgin Lansl Transformation m?
Weigh edC oncentration Risk m2g art
Nitrogen Concentration y arfg m?3
Pbs pbr us Concentration yarg tm?
Weigh edC oncentration Risk m2yg art
Amount of Water m?®
Amount Decrease g
Gross Calorific Value MJ
Irreversible Destruction of th & art

In turn, these 19 impact categories were pooled and trans-
formed into 4 final level of impact categories (Table 2).

Por sua vez, essas 19 categorias de impacto foram agru-

padas e transformaram-se em 4 categorias de impacto de nivel

final (Tabela 2).

TABLE 2. Categories of Impact to Medium and Final Levels (Goedkoop et al., 2009)
TABELA 2. Categorias de impacto ao nivel médio e final (Goedkoop et al. 2009)

Categories of Environmental Impacts of Medium

Level

Categories of Impacts of Final Level

1. Ozone Depletion (OD)
2. Human Tok city{ HT)

3. Ionizant Radiation (IR)
4. Pbt och mical Ok d nts Formation (FOF)
5. ParticulatedV aterial Formation (PMF)
6. Climate Ch nges (CC)

Damage to Human Health{ HH)
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Categories of Environmental Impacts of Medium
Level

Categories of Impacts of Final Level

7. Terrestrial Ecotok city TE)
8. Terrestrial Acidification (TA)
9. Agricultural Area Occupation (AAO)

10. Urban Area Occupation (UAO)
11. Natural Area Transformation (NAT)
12. Marine Ecotok city{ ME)

13. Aga tic Eutrops ation (AE)
14. Eutroph cation of Frestv ater (EUF)

15. Frestv ater Tok city FEC)
16. Depletion of Water (DW)
17. Depletion of Mineral Resources (DMR)

18. El ustion of Fossil Resources (EFR)
19. Pand mics, Disasters, Corrosion, oth rs (PDC)

Damage to Environmental Biod versity{ EB)

Damage to tb Availabilityof Resources (AR)

Damage to the Artificial Environment (AE)

e Damage to human health (HH): the life-cycle assessments
seek commonly to infer the damage of a production process
to human health, using the concept of disability-adjusted life
years (DALY). The values for DALY have been reported for
a wide range of diseases (Goedkoop et al., 2009)

e Damage to environmental biodiversity (EB): ecosystems
are heterogeneous and complex to monitor. Various treaties,
decrees and informal agreements (UNCED, PNUMA, the
European Council) have included a list of attributes that are
important to humanity such as biodiversity, esthetic and
cultural values, ecological functions and services, ecologi-
cal resources and functional information (genetic material)
(Goedkoop et al., 2009).

« Damage to the availability of resources (AR): it considers
the risk to which humanity will be exposed due to the lack
of resources for future generations. Resources depletion
is the only problem that must be monitored permanently
Goedkoop et al. (2009).

¢ Damage to the artificial environment (AE): this impact ca-
tegory considers the damage to the quality of life, causing
pandemics and disasters to human heritage (Goedkoop
etal., 2009).

« To apply the methodology of LCA, we should consider four
phases (Goedkoop et al., 2009):

Phase 1.- Determining the objectives and scope of the study

The scope and level of detail of an LCA depends on the
subject matter and its utility use. The depth and breadth of LCA
can differ considerably depending on the specific purpose for
which tis intended.

Phase 2.- Inventory analysis

It is an inventory of the input and output of the studied
system and involves the relationship among the data necessary
to respond to the defined goal.

Phase 3.- Impact assessment

The objective of this phase is to provide additional informa-
tion to help assessing the previous stage and understand better
their environmental significance.

Phase 4.- Interpretation

Danos a saude humana (SH): as avalia¢des do ciclo de vida
buscam comumente inferir os danos de um processo pro-
dutivo para a satide humana, utilizando o conceito: anos
de vida ajustados por incapacidade (DALY- disability-
adjusted life years). Os valores para os O DALY ja foram
relatados para uma ampla gama de doencas (Goedkoop
et al. 2009).

Danos a biodiversidade do ambiente (BA): 0s ecossis-
temas sdo heterogéneos ¢ complexos para monitorar.
Vérios tratados, decretos e acordos informais (UNCED,
PNUMA, Conselho Europeu) tém incluido uma lista de
atributos considerados importantes para a humanidade,
tais como: a biodiversidade, os valores estéticos e cultu-
rais, fung¢des e servigos ecologicos, recursos ecologicos
¢ informagdes funcionais (material genético) Goedkoop
et al. (2009).

Danos na disponibilidade de recursos (DR): Considera o
risco que a humanidade estaraexposta por falta de recursos
para as geracOes futuras. O esgotamento de recursos é o
unico problema que deve ser monitorado permanentemente
Goedkoop et al. (2009).

Danos ao ambiente artificial (AA): Esta categoria de impacto
considera o dano aqualidade de vida, provocando pandemias
e desastres ao patriménio humano (Goedkoop et al. 2009).
Para aplicar a metodologia da ACV, devem-se considerar
quatro fases (Goedkoop et al. 2009):

. Determinar os objetivos e o ambito do estudo: O ambito e o

nivel de detalhe de uma ACV dependem do objeto de estudo
e seu uso utilitario. A profundidade e a amplitude da ACV
podem diferir consideravelmente, dependendo da finalidade
especifica a que se destina.

. Analise do Inventario: E um inventario dos dados de entrada

e de saida do sistema estudado e envolve a relagdo entre os
dados necessarios para responder ao objetivo definido.

. Avaliacéo de Impacto: O objetivo desta fase é fornecer in-

formac&o adicional para ajudar a avaliar o est&gio anterior
e melhor compreender o seu significado ambiental.
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The interpretation of the LC occurs in the final phase of
the LCA process, where results are summarized and discussed
as a basis for conclusions, recommendations and decisions in
accordance with he purpose and cope.

RESULTS AND DISCUSSION

Qualitative Assessment of the Potential
Environmental Impact of Microalgae Biomass

Table 3 shows the results of the qualitative assessment
of the impact of microalgae LC. These data were obtained
from the literature review (Shelef et al., 1984; Sawayama
et al., 1995; Richmond, 2004; Rodriguez et al., 2009, 2015;
Widjaja et al., 2009; Collet et al., 2011; Benjamin, 2013) and
the consultation with mechanical engineers, chemists and
biologists, as well as by working skills of an expert’s team
(Delphi technique, Kendall w).

4. Interpretag@o: A interpretagdo do CV ocorre na fase final do
processo de ACV, onde os resultados séo resumidos e discu-
tidos como base para conclus@es, recomendacdes e tomada
de decisdes, em conformidade com o objetivo e alcance.

RESULTADOS E DISCUSSAO

Avaliacéo qualitativa do potencial de impacto
ambiental da biomassa de microalgas.

A Tabela 3 mostra os resultados da avaliag8o qualitativa
do impacto do CV de microalgas. Esses dados foram obtidos a
partir da revisdo da literatura (Rodriguez et al., 2015; Rodriguez
et al., 2009; Collet et al., 2011; Richmond, 2004; Widjaja &
Chien, 2009; Benjamin, 2013; Sawayama & Inoue, 1995; She-
lef & Sukenik, 1984), e consulta com engenheiros mecanicos,
quimicos e bidlogos, bem como pelas habilidades de trabalho
em equipe com especialistas (técnica Delphi, Kendall w).

TABLE 3. Results of the Qualitative Assessment of the Potential Environmental Impact of Microalgae Biomass. (+) Positive Impact,
(-) Negative Impact, (0) No Impact.
TABELA 3. Resultados da avaliagdo qualitativa do potencial de impacto ambiental da biomassa de microalgas. Impacto positivo (+),
impacto negativo (-), nenhum impacto (0)

Impact (Damage) to the Factor Resume Impact (Damage) to the Factor Resume
1. Climatic: Greenhouse Effect + 16. Population +
2. Air Quality. Mitigation of Atmosph ric Emissions + 17. Emigration 0
3. Geology 0 18. Agriculture 0
4. Geomorfology 0 19. Inds try +
5.Land© ccupation + 20. Services +
6. Agricultural Viability. Competition wittO th r Food + 21. Edc ation +
Crops
7. Erosion. Soil Conservation 0 22. Human Health +
8. Vegetation. Desertification 0 23. Jobs Qualities +
9. Fauna 0 24. Scenic, Historical andC ultural +
Heritage
11. Surface Water. Liquid Affluent Pollutants 0 25. National Institutional Policy +
12. Ground Water. Liquid Affluent Pollutants 0 26. Generation of Waste Contaminants 0
13. Aga tic Biology 0 27. Depletion of Non-Renewable Natural +
Resources
14. Transport and. ogistics - 28. Recy lability +
15. Water Use - 29. Biod grad ble +

From the above table it can be concluded:
e Positive impact: 53.57%
e No impact 39.29%
e -Negative impact 7.14%

Observing the results obtained, the microalgae are viable
for economic activities and the negative impacts to the envi-
ronment are very ow.

Life Cycle Assessment of the Microalgae Production

In Figure 1 the life cycle of microalgae for the purpose
of obtaining carotenoids, their stages (6) and activities (20)
are shown.

A partir da tabela acima, pode-se concluir:
e Impacto positivo: 53,57%.
e Nenhum impacto 39,29%.
e Impacto negativo 7,14%.

Pelos resultados obtidos, as microalgas séo viaveis para
atividades econtn icas, sendo os impactos negativos ao meio
ambiente muito baixos.

Avaliacéo do Ciclo de Vida da producédo de microalgas

Na Figura 1 € apresentado o CV das microalgas com o
objetivo de obtencdo de carotenoides, estadgios (6) e ativi-

dades (20).
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STRAINS MAINTENANCE |

Obtainment of sterile inoculum | «—4——> [ Creation of physical infrasiructure |

Selection of algal strains

Obtainment of equipment. | .
tools and implements
CULTURE
Scale increase in the 3

Cultivation in laboratory scabe (sterile)

laboratory (controled L
CONILONS ) | Scale ncrease in semi -
controled conditions | Water reuse
Large scale culture | €—
1' Biomass concentration —3| Centrifugation
and storage
Automatic monforing : T
{pH & CO.) —> | Biomass collect
BIOMASS PROCESSING

Extraction of carctenoid | €«——

5 | Drying | Lyophilization

Extract purification s Protein, dry matter,

. ,
t
Packaging and storage | €— {pure product) ol. pigmen
CO.PRODUCTS
- Co = products oblaining
Packaging and storage Animal nulrition companies
and chemical ndusiry

USE

Pharmaceutical companies

and food industry

——————

Consumption |€——

RECYCLING

Reuse, recycling and / or
recovery of waste generated

Ecosysiam uninsial

FIGURE 1. Stages andA ctivities of the Microalgae Life Cycle (Own Origination)

FIGURA 1. Estagios e atividades do ciclo de vida das microalgas. Fonte propria
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Phase 1: Determining the purpose and cope of the LCA.

Objective: To determine qualitatively the environmental
impact of microalgae.

Scope: production of carotenoids from the microalgae.

Phase 2: Analysis of inventory.

Two data inventories were made:

- The inventory of impact categories at the medium and
final levels, presented in Table 1.

- The inventory of LC microalgae activities and the list
of activities that are part of LC, that are presented n Table 4.

1- Fase da determinagdo da finalidade e ambito da ACV

Objetivo: determinar qualitativamente o impacto ambiental
de microalgas.

Ambito: produgio de carotendides a partir de microalgas.

2- Fases de andlise do inventario

Dois inventarios dos dados foram feitos:

- O inventario das categorias de impacto ao nivel medio e
final, apresentados na Tabela 1.

- Oinventario das atividades do CV das microalgas e a lista de
atividades que fazem parte do CV, sdo apresentados na Tabela 4.

TABLE 4. Life Cycle of Microalgae Aimed at Carotenoids Production
TABELA 4. Ciclo de vida das microalgas visando a producéo de carotenoides

Stages

Activity

1. Strains Maintenence

1. Creation of p§ ical infrastructure.
2. Selection of algal strains.

3. Obtainment of sterile inoculum.

4. Obtainment of egi pment, tools and mplements.

5. Cultivation in laboratorys cale (sterile).

6. Scale increase in th laboratory( controlled ond tions).

2. Culture

3. Biomass processing

4. Cor odc ts

5. Use

6. Recy ling

7. Scale increase in semi - controllead ond tions.

8. Large scale culture.
9. Biomass collection.
10. Dry ng.

11. EX raction of carotenoid
12. Extract purification (pure product).
13. Pack ging and torage.
14. Co pr odc ts.obtaining.
15. Pack ging and torage.
16. Co -pr odc ts @ stribution.
17. Prodc ts d stribution.
18. Consumption.

19. Ecosy tem uninstalling.

20. Reuse, recy ling and or recovenof waste generated

Phase 3: Impact assessment.

The Environmental Impact Weighting Matrix (20 * 19
* 4 base) is used, which assesses the impact of the 20 acti-
vities of microalgae LC in 19 environmental categories and
their consequences for the environment [5]. To conduct the
evaluation, each activity is analyzed in each environmental
category, evaluating the impact magnitude according to the
recommendations in Table 5. The applied classification is an
own proposal of the authors.

3 - Fase de Avaliacg&o do impacto

Para este efeito, ¢ usada a matriz de ponderacdo de Im-
pacto Ambiental (base 20*19*4), que avalia o impacto das 20
atividades do CV de microalgas nas 19 categorias ambientais
e suas consequéncias para o ambiente (ICVD 2010). Para rea-
lizar a avaliacdo, cada atividade ¢ analisada em cada categoria
ambiental, avaliando a magnitude do impacto de acordo com as
recomendacgdes contidas na Tabela 5. A classificacao aplicada

¢ proposta propria dos autores.

TABLE 5. Scale for impact assessment (Own origination)
TABELA 5. Escala para a avaliagdo de impacto.

Significant Moderate

Little No impact

3 2

1 0
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The evaluation of each pair of activities (environmental
category) can be seen in Table 6. The identification of each
activity can be found in Table 4. The value assigned to each
activity pair of environmental category is the result of a work
executed with the group technique (Delphi-Kendall) with the
participation of experts (mechanics, engineers, chemists and
biologists).

A avaliacdo de cada par de atividades (categoria ambiental)
pode ser vista na Tabela 6. A identificagdo de cada uma das
atividades pode ser encontrada na Tabela 4. O valor atribuido
a cada par de atividades de categoria ambiental é o resultado
da execuc&o do trabalho com técnica grupal (Delphi-Kendall)
com a participacdo de especialistas (mecanicos, engenheiros
quimicos e bidlogos).

TABLE 6. Primary Data for the Environmental Impact Weighting Matrix
TABELA 6. Dados primarios para a Matriz de Ponderagdo do Impacto Ambiental

Impact Categories to the Medium Level
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Phase 4: Interpretation.

Knowing the environmental effects values for each activity,
it is possible to calculate the average of the impact which has
effect on the environment by:

e Absolute value of the activity (i): i =X (environmental impact
/19(Q1)
where 1 =1...20; j=1...19.
« Relative value of the activity i (%): % = absolute activity
impact i/ 3-100 (2)
e Specific weight of the activity i (%): 1% =relative value of
the activity 20 (3)
e Sum k (%) = X actual specific activities belonging to k (4)
where k=1...6, corresponding to the number of stages of
microalgae LC (Table 4).

Table 7. Shows the impact values for each of the activities

listed n Table 4.

4 + ase de interpretacao:

Conhecidos os valores que tém os efeitos ambientais para
cada atividade, € possivel calcular o valor médio do impacto
que tem efeito no meio ambiente por:

e Valor absoluto da atividade i =X (impacto ambiental j) / 19 (1)

onde i=1...20; j=1...19

« Valor relativo da atividade i (%) = Impacto Absoluto da
atividade i/ 3-100 (2)

e O peso especifico da atividade i (%) = Valor relativo da
atividade / 20 (3)

e Somak (%) =X reais especificos de atividades pertencentes
ak (4) onde k = 1...6 correspondente ao nimero de estagios
do CV de microalgas (Tabela 4).

Na tabela 7 sao apresentados os valores de impacto para
cada uma das atividades enumeradas na Tabela 4.
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TABLE 7. Activities Impact Values
TABELA 7. Valores de impacto das atividades

. . Stages Sum of
. Absolute  Relative Specific .
Stages Activities . o : o Average Specific
Value (i) Value (%) Weight (%) Values (%)  Weights %
1 0,263 8,77 0,44
. . 2 0,000 0,00 0,00
Strains Maintenence 0,1316 0,53
3 0,053 1,75 0,09
4 0,000 0,00 0,00
5 0,105 3,51 0,18
6 0,053 1,75 0,09
Culture 7 0,158 5,26 0,26 0,3158 1,58
8 0,579 19,30 0,96
9 0,053 1,75 0,09
10 0,053 1,75 0,09
) ] 11 0,105 3,51 0,18
Biomass Processing 0,1535 0,61
12 0,105 3,51 0,18
13 0,105 3,51 0,18
14 0,000 0,00 0,00
Co r odc ts 15 0,053 1,75 0,09 0,1462 0,44
16 0,211 7,02 0,35
17 0,211 7,02 0,35
Use 0,3070 0,61
18 0,158 5,26 0,26
19 0,053 1,75 0,09
Recy ling 0,3509 0,70
20 0,368 12,28 0,61

The total impact on the ecosystem is 4.47

Furthermore, it is possible to calculate from Table 5, the
environmental impact by the medium level impact categories.
The weighting of these effects is calculatea s:

 Relative value of the environmental impact j (%) =X
(activityi ) /20 /3-100 ®)
wh re

j=1.19i=1...20

Figure 2 presents the results from the environmental impact
analysis in accordance with each of the indicators that charac-
terize the categories of impact in medium level.

As can be seen, the greatest impact corresponds to the
exhaustion of fossil resources witfa value of 1.14%. As it can
be seen, the greatest impact corresponds to the exhaustion of
fossil resources with a value of 1.14%. Other categories with
lower results than the latter are: human toxicity and depletion of
water with 0.61% and 0.53%, respectively. There are 9 categories
that have no impact, in which he value of the indicator is 0.

Figure 3 shows the magnitude of the environmental impact
in the four final level categories.

The sum of these four variables is the total impact equiva-
lent to 4.47%. There is not damage to the artificial environment.
The data presented n Table 8 are a proposal of the authors.

A partir deste quadro observa-se que:

O impacto total sobre o ecossistema € de 4,47%.

1. As atividades do estagio Co-produto séo as menos impac-
tantes com 0,44%.

2. As atividades do estagio Cultura mostram um impacto de
1,58%, sendo o periodo de maior impacto.

3. Asatividades dos estagios Procesamento de Biomassa e Uso
mostram um impacto de 0,61%.

4. As atividades do estégio Manutencdo das Cepas mostram
um impacto de 0,53%.

5. As atividades do estagio Reciclagem mostram um impacto
de 0,70%.

Além disso, € possivel calcular a partir da Tabela 5, o
impacto ambiental por categorias de impacto a nivel médio. A
ponderacéo relativa destes efeitos é calculada como:

Valor relativo do impacto ambiental j (%) = X (atividades
i) /20 /3100 (5)
one

= 1...19; i= 1...20

Na Figura 2 s&o apresentados os resultados da andlise do
impacto ambiental, de acordo com cada um dos indicadores que
caracterizam as categorias de impacto ao nivel médio.
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Como pode-se observar, o maior impacto corresponde ao esgotamento de recursos fosseis com um valor de 1,14%.
Outras categorias com resultado menor do que esta ultima sdo: a toxicidade humana e o esgotamento de agua com 0,61% e
0,53% respectivamente. Existem 9 categorias que ndo apresentam impacto, cujo valor do indicador é 0.

A Figura 3 mostra a magnitude do impacto ambiental nas quatro categorias de impacto a nivel final, onde:

Dano a satde humana: 1,23%.

Dano adiversidade do ambiente: 1,23%.

Dano para a disponibilidade de recursos: 2,02%.

Dano para o ambiente artificial: 0%.

A soma destas quatro variaveis é o impacto total equivalente a 4,47%.

O maior impacto de CV das microalgas é o que estaassociado com os danos adisponibilidade de recursos, seguido de danos
a saude humana e a biodiversidade do meio ambiente. Os danos para o ambiente artificial, no tem. Os dados apresentados na
Tabela 8 s&o uma proposta dos autores.

MEDIUM LEVEL IMPACT CATEGORIES

W 2.00%
2
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FIGURE 2. Weighting of the Environmental Impact by Medium Level Categories.
FIGURA 2. Ponderagdo do impacto ambiental por categorias de impacto de nivel médio.
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FIGURE 3. Weighting of the environmental impact by medium level categories.
FIGURA 3. Ponderagdo de impacto ambiental por categorias de impacto ao nivel final.

IMPACT WEIGHTED VALUE .%

TABLE 8. Effect Evaluation in Accordance with the Impact (%)
TABELA 8. Avaliacéo do efeito de acordo com o impacto (%)

Weighted Value (%0) Impact
67 - 100 Significant
34 -66 Mod rate
1-33 Little

0 No impact
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Considering Table 8, that shows the weighted value in re-

lation to the impact (%), it was found that microalgae biomass
can be considered as a low impact activity. In previous work,
Rodriguez et al. (2009, 2015), used the impact matrix for the
analysis of the biomasses from sugarcane and Jatropha curcas
(Pinion—meek) impact. Table 9 shows that comparison.

Considerando a Tabela 8, que mostra o valor ponderado (%) em
relacdo ao impacto, concluiu-se que as microalgas podem ser descri-
tas como pouco impactantes. Em trabalhos anteriores, Rodriguez et
al. (2009) e Rodriguez et al. (2015) usaram a matriz de impacto para
a analise do impacto das biomassas de cana-de-agucar e Jatropha
curcas (Pinh&o—manso). A Tabela 9 mostra essa comparagao.

TABLE 9. Comparison of the Weighted Environmental Impact of Biomass LC
TABELA 9. Comparacéo do impacto ambiental ponderado do CV de biomassas.

Biomass - Destination

Weighted Impact (%0)

Sugarcane - th nol. 15,71

Jatropha curcas- oil for biofuel. 7,26

Microalgaes€ arotenoisl . 4,47
CONCLUSOES

CONCLUSIONS

By using the weighting matrix, it is possible to determine the
weighted magnitude of the impact. With this information, it
is possible to know the environmental impact of each activity
of the LC andn ake decisions to reduce it.

The weighted environmental impact of microalgae produc-
tion is 4.47%, which is classified as small impact and shows
that the biomass is environmentally sustainable. That points
this biomass as a source of domestic production, and com-
petitiveness with other final products.

The production of carotenoids from microalgae is actually
sustainable from an environmental point of view. However,
a deeper analysis of the life cycle and throughout the supply
chain is necessary. Due to the increasing number of issues
related to global climate change, an assessment of the po-
tential of microalgae to mitigate emissions of greenhouse
gases, especially}C O,, would e important.

ACKNOWLEDGMENT

A FAPESP
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