Demonstration of new natural dyes from
algae as substitution of synthetic dyes
actually used by textile industries
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INTRODUCTION AND
PROJECT BACKGROUND
This document is a summary of the main activities developed
in the LIFE SEACOLORS Project. The project started in the
second semester of 2014 (July) and came to an end in
December 2016, after fulﬁlling the pursued objectives, putting
the scientiﬁc knowledge at the service of environment. The
Project is the result of joint forces of a multidisciplinary group:
Textile Research Institute (AITEX, Spain), acting as
coordinator, Spanish Bank of Algae (BEA, University of Las
Palmas de Gran Canaria, Spain), Spanish Bioindustry
Association (ASEBIO, Spain) and ALGAPlus, a Portuguese
SME. The project total budget was 697,273€ and it has been
co-founded by the European Union with an amount of
348,635€ (=50%) through the LIFE PROGRAMME.
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ABOUT THE LIFE PROGRAMME
The LIFE programme is the EU's funding instrument for the environment and climate action. The general
objective of LIFE is to contribute to the implementation, updating and development of EU
environmental and climate policy and legislation by co-ﬁnancing projects with European added value.
LIFE began in 1992 and to date there have been four complete phases of the programme (LIFE I: 19921995, LIFE II: 1996-1999, LIFE III: 2000-2006 and LIFE+: 2007-2013). During this period, LIFE has coﬁnanced around 3954 projects across the EU, contributing approximately €3.1 billion to the protection of
the environment.
The European Commission (DG Environment and DG Climate Action) manages the LIFE programme.
The Commission has delegated the implementation of many components of the LIFE programme to the
Executive Agency for Small and Medium-sized Enterprises (EASME). External selection, monitoring and
communication teams provide assistance to the Commission and EASME. The European Investment
Bank will manage the two new ﬁnancial instruments (NCFF and PF4EE).
Check this link for further information:
http://ec.europa.eu/environment/life/about/index.htm

In order to clarify the project as a whole, this document goes through basic information starting with the
problem deﬁnition, continuing with the proposed solution and the steps followed until getting
successful results, which were obtained by following a well-planned work schedule, dissemination
activities, publications, organized meetings and ﬁnalizing with the results and conclusions.
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WHY IS THE PROJECT
SEACOLORS BORN?
THE PROBLEM
The employment of synthetic dyes in the textile industry generates huge
amounts of pollutants. This contamination spreads in all the ﬁelds in which this
industry is involved, especially in the hydrosphere. The dyes poured in water
eﬄuents are non-biodegradable, they absorb light and interrupt the
photosynthetic activity of aquatic plants, seriously threatening the whole
ecosystem. Moreover, they represent a serious hazard for textile industry
workers since many of them are carcinogenic. Therefore, a realistic
alternative/solution to the currently employed toxic dyes should involve
stricter regulations, all together with a sustainable development and
employment of natural dyes.

amounts of energy are required during the
synthesis processes, intensifying the release of
greenhouse gases; its preparation requires
hazardous chemicals (alkalis, acids, solvents,
etc.), which also cause the generation of hazardous wastes. Moreover, allergic reactions may
occur mainly due to the products used for their
synthesis.

Dyes currently used by the textile industry are
chieﬂy synthetic, mostly derived from two
sources, namely, coal tar and petroleum-based
intermediates. They are marketed as powders,
granules, pastes or liquid dispersions, and
concentrations of active ingredients typically
range from 20 to 80 percent. These synthetic
dyes were very well received by the industry and
grew at a blistering pace because they present
many advantages compared to natural dyes,
such as a wide range of colors (including ﬂuorescent hues), high fastness, specialization with
respect to a given ﬁber, reproducibility, and large
production with aﬀordable prices.

Besides, a very important environmental
problem is derived from the use of synthetic
dyes in the textile industry: not all the dyes are
ﬁxed on the ﬁber, but a percentage is directly
removed and poured into eﬄuent wastewaters.
Although this percentage varies depending on
the type of dye and ﬁber (Figure 1), the discharge
of colored eﬄuents is always environmentally
unfriendly because the degradation of the dyes
may produce toxic or carcinogenic compounds
which decompose in benzidine, naphthalene and
other aromatics. In addition, those products can
stay for a long period of time in the environment.

However, many drawbacks have become clear
over time. For example, the ﬁnal price of
synthetic dyes is conditioned by oscillations in oil
and energy markets. But the list of disadvantages is especially important in an environmental
context: the raw material used is oil, which does
not come from renewable sources; large

Dye Class

Main pigment

Loss in effluent (%)

Acid

Polyamide

5-20

Basic

Acrylic

0-5

Direct

Cellulose

5-30

Disperse

Polyester

0-10

Metal Complex

Wool

2-10

Reactive

Cellulose

10-50

Sulfur

Cellulose

10-40

Figure 1. Loss of dye in wastewater eﬄuents.
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Water contamination is an inherent problem in
any human activity. Pollution has become
increasingly important due to three interconnected factors which are rapidly evolving: the
increase of worldwide population, the urban
development of land, and the creation of
contaminant substances with the expansion of
industry. With the industrialization of dyeing
processes, the problem of water coloration
began, and it broadened as far as natural
biodegradable colors were replaced by nonbiodegradable synthetic dyes, which have come
to dominate the market, leaving natural dyes
relegated to hobbyists and small industries.
Regarding all those disadvantages, considerable
progress has been achieved in the last years.
Firstly, the laws have been tightened and some
dyes (Azo) have been banned. Furthermore, the
textile industry is aware of its very pollutant
activity and has always sought solutions directed
to minimize, as far as possible, its environmental
impact. For example, the dyes producers have
been investigating and evolving their products
to be more speciﬁc and eﬀective, increasing the
ﬁxation of dyes onto the ﬁber to reduce the
quantity to be used and therefore the contamination produced. Besides, some initiatives have
been taken with the aim of reducing water
consumption by introducing new processes and
machinery. For example, it is pretty common
nowadays that textile companies have in situ
puriﬁcation plants, so they can recover and reuse
part of their treated wastewater in order to
minimize their consumption of clean water.
On the other hand, many attempts have been
directed towards the use of natural products,
because natural dyes oﬀer many advantages
over the synthetic ones. They are clinically safer
in handling and use because of their noncarcinogenic, non-toxic and non-allergic to skin
nature, and natural dyes show also better
biodegradability and higher compatibility with
the environment. Moreover, obtaining natural
dyes implies a sustainable development, since
most of them come from plants. However, those
crops imply a lot of labor and high agricultural
land demand, which represent an important
disadvantage compared to the production of
synthetic dyes. Unfortunately, natural dyes are
not currently being produced in suﬃcient
quantity and at a competitive price to be
considered as a plausible alternative to synthetic
colorants.

eﬀects and providing new sustainable and ecofriendly materials, are vital for the development
of a new, less pollutant textile industry.
SEACOLORS aims to resolve the mentioned
problems by using algae as a sustainable source
of natural dyes. Algae seem suitable for the
extraction of colorants since all of them contain
pigments, which they use to absorb sunlight to
be used in the photosynthesis. Three main
groups of pigments present in algae are interesting for textile applications in this project:
phycobiliproteins (brilliantly-colored and highly
ﬂuorescent proteins), chlorophylls (green
pigments present in all photosynthetic organisms) and carotenoids (secondary metabolites
involved in light absorption and cell stress
ﬁghting). The possibility of producing algal
biomass in sustainable cultivation systems,
where nutrients from wastewaters are recycled
into valuable raw materials, avoiding the usage
of fertilizers and pesticides needed in agriculture, increase the eco-friendly character of the
dyes obtained.
There is no evidence of other projects having as
the main subject the usage of ALGAL BIOMASS
for the same purposes exposed in SEACOLORS.
These autotrophic organisms have started to be
used in ﬁelds like food, industrial specialties,
fertilizers, cosmetics, pharmaceuticals and feed.
This new use of algal biomass in the textile
industry is very innovative, and the impact on the
environment represents the main justiﬁcation for
their usage. As remarked before, algal colorants
represent an alternative for reducing and even
replacing the synthetic colorants, in order to
avoid reaching the level of pollution generated
by the currently employed dyes.

Fortunately, studies regarding the positive eﬀect
over the environment and society of implementing natural dyes on the textile industry have not
stopped, and they represent the milestone for a
new sustainable industry. The transition between
current and emerging technologies will be a long
p ro c e s s , b u t i n i t i a t i ve s a s t h e p ro j e c t
SEACOLORS, which help in mitigating adverse
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WHY IS THE PROJECT
SEACOLORS BORN?
THE OBJECTIVE
SEACOLORS main aim was the demonstration and validation of obtaining
natural dyes from a sustainable and renewable source, algae, and their
applicability in the textile industry to replace synthetic dyes, which are
pollutant and harmful for the environment. With this improvement, less
contaminated wastewater will be obtained due to the high biodegradability of
natural dyes, reducing the water puriﬁcation process. This will contribute to
the application of the politics and community legislation regarding waste
waters, speciﬁcally the normative 2008/105/CE on environment quality in the
ﬁeld of water policy, which sets the maximum allowable priority substances
and other chemical contaminants and also in particular the REACH regulation.

In the light of the exposed problem,
SEACOLORS project was intended to demonstrate and validate the obtainment of natural dyes
from a sustainable and renewable source, algae,
and their applicability in the textile industry in
order to replace the synthetic dyes, which are
harmful and pollutant for the environment.
This core goal may be sub-divided into the
following actions:
1. Selection of algae strains
Screening among algae (macro- and
microalgae) species with high pigment content,
dyeing capacity and potential for large-scale
biomass cultivation.

2. Possibilities to increase algae pigment
content
Optimization of growth conditions in order to
stimulate the synthesis of dyes, increasing
pigment yields (amount of pigment per unit of
biomass).
3. Dyeing process optimization
Improvement of the dyeing process in order to
obtain dyed fabrics with satisfactory quality and
minimization of the auxiliary chemicals
employed.
4. Evaluation of dyed textile fastness
Comparison of the fastness of the newly
obtained natural dyes to the ones achieved by
synthetic dyes.

Figure 2. Project objectives. The selected strains of micro- and macro-algae are cultured, the biomass is harvested
and the pigments are extracted to be used as dyes. In this phase, the pigments are mixed with water, some
chemicals and the textiles of interest. After a dyeing process with natural dyes, colored fabrics are obtained, while
the wastewater produced contains biodegradable compounds.
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USED MATERIALS
WHAT ARE ALGAE?
The term algae includes a huge variety of
photosynthetic organisms, capable of using
sunlight (captured by the chlorophylls and other
pigment groups) and inorganic nutrients
(including CO2) as raw sources to produce
oxygen and organic matter, through a process
called photosynthesis. Of course, plants have
also this ability, but algae lack true roots, stems
and leaves, and a vascular system (used by
plants to circulate water and nutrients throughout their bodies).
Within the complex world of algae, several
groups can be distinguished. One of the most
important features used to classify them is size:
algae range from unicellular, very simple,
microscopic individuals, called MICROALGAE
(from a few micrometers to several millimeters,
they can live as single cells or forming
chains/aggregates) to pluricellular, macroscopic
organisms, the MACROALGAE (such as the giant
kelp, until 60 meters long; marine macroalgae
are also known as seaweed)). Although algae
can be found almost everywhere on Earth,

including terrestrial habitats and very extreme
conditions, they are mainly aquatic, inhabiting
both freshwater and seawater environments.
According to their pigment composition (among
other criteria), a traditional classiﬁcation of algae
includes 3 main groups: red, brown and green
algae.
A very diverse and less studied group of photosynthetic microorganisms is included within
the term MICROALGAE, together with some
prokaryote organisms , called cyanobacteria or
blue-green algae.
A considerable number of algae species have
been employed since ancient times in the food
sector. In addition, their industrial/commercial
uses have largely increased and nowadays it is
relatively easy to find algae as raw material in
agriculture, as fertilizers, as well as in cosmetic
and pharmaceutical industries. In addition, great
research eﬀort is being focused on algae due to
their high content in a great variety of very
valuable active compounds.

Figure 3. ALGAE examples

WHAT IS A TEXTILE FINISHING PROCESS?
The textile or apparel industry is primarily concerned with the design and production of yarn, cloth,
clothing, and their distribution. The raw material used as substrate for coloration may be of natural or
synthetic source using products of the chemical industry.
DYEING PROCESS
Is one which provides a uniform color in all the
surface of the textile matter. This operation is
carried out through the contact between
colorant, in disperse form or in solution, and the
textile. The latter absorbs and retains the dye,
causing its ﬁxation on the textile.

PRINTING PROCESS
Is one which implies the application of colored
patterns and designs to decorate a ﬁnished
fabric. In a proper printed fabric, the color is
aﬃxed to the ﬁber, only on one of the sides, so
that it may not be aﬀected by washing and
friction.

Time

+

Temperature

Dyebath

+

Cloth

Figure 4. Scheme of dyeing and printing textile processes (TEXTILE FINISHING PROCESSES).
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WHAT HAS BEEN CARRIED OUT?

PROJECT DESCRIPTION

The project was structured in the following phases:
¢ The study and selection of algae with dyeing capacity
¢ The study of growing conditions to increase dyes production
¢ Extraction of dyes from algae
¢ Validation and demonstration of the application of algal dyes in
the textile dyeing process
¢ Monitoring of the environmental impact of the Project actions
¢ Monitoring of the socio-economic impact of the Project actions

THE STUDY AND SELECTION OF
ALGAE WITH DYEING CAPACITY
Microalgae and cyanobacteria

Macroalgae

Researchers from the BEA-ULPGC worked on an
initial screening of microalgae and cyanobacteria
strains as producers of phycobiliproteins and
carotenoids, mainly according to the criteria:
¢ Availability of the strains in BEA's culture
collection: among more than 1500 strains, 25
species were chosen for the initial screening,
according to the descriptions on the available
literature and personnel's experience.
¢ Selection of at least one strain producing each
type of pigments (blue = phycocyanin (PC),
magenta = phycoerythrin (PE), orange =
carotenes (C), and yellow = xanthophylls (X)).

ALGAplus preliminary selection of macroalgae
was based in the following criteria:
¢ The selection of at least one species producing each type of pigments (magenta =
p h yc o e r y t h r i n ( P E ) , o ra n g e /ye l ow =
carotenoides (CA), green = Chlorophylls (CH).
¢ The existence of the species in the Atlantic
coast.
¢ The potential of sustainable large scale
exploitation (cultivation or harvest).
¢ The availability of biomass already in culture
at ALGAplus facilities.
For the 16 species pre-selected at this stage,
preliminary cultivation trials together with
sampling from wild populations were done to
investigate the species presenting a best
balance between biomass production and
pigment contents.
Finally, 6 macroalgae species were selected for
upscaling: 4 phycobiliprotein producers and 2
species producing carotenoids and chlorophylls
(Bifurcaria bifurcata from wild harvest).
The accomplishment of the proposed aim of
selection of suitable macroalgae strains was
completed successfully with the following
species (Fig. 6).

Then, several parameters were evaluated in
order to select the strains with the higher
potential as pigment producers for obtaining
natural dyes:
¢ Growth dynamics, as growth rate (how much
each strain grow per unit of time) and biomass
productivity, which allow to know the amount
of biomass obtained per unit of time and liter
of culture.
¢ Pigment productivity and pigment content, to
know the amount of pigment produced per
unit of time and per liter of culture, and the
amount of pigment per unit of biomass,
respectively.
¢ Possibilities for cultivation at industrial scale.
Finally, 8 strains were selected (Figure 5) as the
most interesting ones for the purposes of the
project: 5 phycobiliproteins producers and 3
carotenoids producers.
The achievement of the proposed objectives was
realized successfully.
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PHYCOBILIPROTEINS
PRODUCERS

1
8
7

Phycocyanin (PC)

2

Phycoerythrin (PE)

3

MICROALGAE

CAROTEINODS
PRODUCERS
Carotenoids (C)

4

6
5

Xanthophylls (PE)

Figure 5. Selected microalgae and cyanobacteria strains: 1- Arthrospira platensis; 2-. Leptolyngbya sp.;
3- Nostoc sp; 4- Erythrotrichia sp.; 5- Synechococcus sp.; 6- Halochlorella rubescens;
7- Caespitella pascheri; 8- Sarcinochrysis mari.

Chlorophylls (CH)
Caratenoids (C)
Phycoerythrin (PE)

1
6

2
MACROALGAE

5

3
4

Figure 6. Selected macroalgae species: 1- Gracilaria sp. (gracilis or vermiculophylla); 2-. Porphyra
dioica (blades); 3- Porphyra dioica (conchocelis); 4- Grateloupia turuturu; 5- Bifurcaria bifurcata.;
6- Ulva rigida.
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WHAT HAS BEEN CARRIED OUT?

PROJECT DESCRIPTION

THE STUDY OF GROWING CONDITIONS
TO INCREASE DYES PRODUCTION
Two main objectives were pursued in this phase
of the project: on the one hand, a better charact e r i z a t i o n o f t h e s e l e c t e d m i c ro a l g a e ,
cyanobacteria and macroalgae, regarding their
ability to grow and their capacity to produce
diﬀerent amounts of pigments along the life
cycle; on the other hand, ﬁnding those culture
conditions which enhance pigment production.
Diﬀerent pigments are synthesized through
diﬀerential metabolic pathways (Figure 7). Then
so, the improvement of pigments content for
each strain may require diﬀerent approaches
depending on the nature of the pigment itself

a n d s p e c i e s m e t a b o l i s m . Two f e a s i b l e
approaches are the most commonly described:
the use of stressful factors and changes in
nutrients availability.
Phycobiliproteins metabolism strongly depends
on the availability and source of nitrogen and
carbon dioxide in the growth media. Hence, the
addition of nitrogen to the culture may enhance
the metabolism of phycobiliproteins precursors,
leading to their synthesis and accumulation. On
the other hand, carotenoids production might be
stimulated by subduing cells to diﬀerent
stressful conditions (Figure 8).

Figure 7. Simpliﬁed scheme of the pigment biosynthesis pathways of cyanobacteria and microalgae
(from Mulders et al. 2014, Journal of Phycology, with permission).

Microalgae and cyanobacteria
For the microalgae and cyanobacteria, the two
experimental factors employed were:
¢ Nitrogen availability, by increasing nitrogen
concentration in the culture media in order to
stimulate phycobiliproteins synthesis or
¢ Nitrogen starvation combined with light
stress for carotenoids synthesis.

Figure 8. Examples of cultures
growing under natural culture
conditions (left, upper) and
controlled conditions (right upper,
and bottom) for pigment synthesis
and accumulation.
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Macroalgae
of the cultivation water were the operational
production aspects manipulated. As expected,
higher nitrogen levels combined with low-light
incidence promoted phycobiliproteins and
chlorophylls accumulation.

As in microalgae, for the selected macroalgae,
nitrogen and light were also the abiotic factors to
be tested. In order to obtain diﬀerent conditions
of these important factors, the stocking density
of the cultivation units together with the renewal

Gracilaria sp. in culture and extracted PE. More pigments for higher N loads and low light availability.

Conchocelis of Porphyra dioica (left) and Ulva rigida (right) in culture. Best results with higher N loads.

Grateloupia turuturu in culture and extracted PE. Best results with higher N loads and low light availability. Species with the fastest response to changes in cultivation conditions.

Species

mg pigment / gram of
macroalgae

mg of pigment obtained
after each experimental
period

Gracilaria sp.

0.33

1798.2

Gracilaria sp.

0.47

5499

Grateloupia turuturu

0.12

298.8

Porphyra dioica (conchocelis)

0.034

1.632

Bifurcaria bifurcata

0.111

19.98

Ulva rigida

0.383

850.26

Table 1. Pigment yields obtained for the selected species.
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WHAT HAS BEEN CARRIED OUT?

PROJECT DESCRIPTION

EXTRACTION OF DYES FROM ALGAE
Starting from standard general protocols for the
extraction of pigments, several tests were
carried out to optimize the extraction methods,
adapting them to the features of each strain
assayed and each group of pigments.
The extraction procedure depends on the
physico-chemical properties of the pigments.
While phycobiliproteins are polar and watersoluble proteins, carotenoids are organic
pigments, so they require organic solvents.
Among the carotenoids, xanthophylls and
carotenes require high and low polar organic
solvents, respectively.
Based on previous experimentation with
microalgae, the initial raw microalgae biomass
was subdued to one freeze (-20ºC) - thawing
(4ºC and dark) cycle for phycobiliprotein
extracts, and freeze-dried for carotenoids
extracts. Seaweed biomass was always frozen
and thawed, since it was observed that drying
caused a decrease in extraction yields. Then, the
general method, summarized in Figure 9,
consists on applying some mechanical method
for cell disruption, allowing the contact between
the pigments and the solvent. After a given
extraction time, the next step is the separation of
the colored supernatant and biomass wastes, by
means of centrifugation (and/or ﬁltration for
some species). This supernatant is recovered
(pigment concentration is quantiﬁed spectrophotometrically), concentrated and stored until
it is used for dyeing and printing processes.
Since there are some discrepancies in standard
methodologies regarding the extraction procedure, diﬀerent experimental factors were
studied until deﬁning a general standard
protocol to be implemented in this project.

Mechanical disruption of biomass

Homogenization / extraction time
Aqueous buﬀer
Phycobiliproteins

Organic solvents
Carotenoids

Filtration / centrifugation

Colored supernatant

Dyeing / Printing

Figure 9. Scheme of the general extraction
methodology.

For microalgae:

PHYCOBILIPROTEINS
Experimental factor

14

CAROTENOIDS
Result

Experimental factor

Result

1

Solvent

PBS, 0.1M pH=7.0

1

Solvent

Polar for xanthophylls
(ethanol) and apolar for
carotenes (hexane)

2

Extraction time

5 hours

2

Extraction time

24 hours

3

Ratio biomass : solvent

1:10

3

Cell disruption
method

Blending+stirring

4

Number of freeze-thawing
cycles

1

4

Solvent

Polar for xanthophylls
(ethanol) and apolar for
carotenes (hexane)

For macroalgae, the following extraction protocols were adopted:

Extraction step
Cell disruption

Homogenization

Phycoerythrin

Chlorophylls

Carotenoids +
chlorophylls
Grinding with liquid
nitrogen.
20g algae: 0.5L of LN

Grinding with liquid nitrogen.
10g algae: 0.2L of LN
14.2 mL of McIlvaine buffer
100 mL of acetone-water
or Phosphate buffer (pH
4:1. Incubator shaker,
5,9). Incubator shaker,
protected from light, at
protected from light, at 250
250 rpm for 30 min.
rpm for 20 min.

200 mL of acetone.
Incubator shaker, protected
from light, at 250 rpm for
30 min.

Filtration

Extract filtration with gauze; residue kept for valorisation

Centrifuge

Centrifugation at 5000 rpm for 30 minutes at 4ºC
Add 250ml of hexane and
20ml of H2O to the
supernatant. Separate the 2
pigments.

Decantation
Separation

VALIDATION AND DEMONSTRATION OF
THE APPLICATION OF ALGAL DYES IN
THE TEXTILE DYEING PROCESS
SEACOLORS project aim was to obtain dyed
and printed natural textile substrates, like
cotton and wool, employing natural pigments
obtained from algae.
In order to apply the pigments, obtained in the
previous phases, in a textile ﬁnishing process, an
adaptation of the conventional processes
parameters was necessary. The evolution of the
process optimization is presented in the following ﬁgure.
Figure 10. Laboratory exhaust dyeing machine.

Process

Arthrospira
platensis
(CO)

Arthrospira
platensis
(WO)

Porphyra sp.
(CO)

Porphyra sp.
(WO)

Initial

60 min - 40ºC

70 min - 40ºC

140 min - 38ºC

90 min - 50ºC
60 min - 65ºC
stabilizer
Figure 11.Optimization of the exhaust dyeing process, on wool and cotton substrates.
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WHAT HAS BEEN CARRIED OUT?

PROJECT DESCRIPTION
Obtaining a generally appliable dyeing/printing
process for all the pigments obtained in
SEACOLORS project and both natural subtrates,

Microalgae
Cyanobacteria

repetability and characterization tests were
realized in order to obtain a process validation.

Microalgae
Cyanobacteria

Macroalgae

Macroalgae

Arthrospira
platensis (CO)

Arthrospira
platensis (CO)
Gracilaria sp.
(WO)
Synechococcus
sp. (WO)
Porphyra sp.
(WO)

Arthrospira
platensis natural (CO)

Figure 12. Textiles printed with pigments obtained
from SEACOLORS project.

Leptolyngbya
sp. (WO)

Gracilaria sp.
(WO)

Erythrotrichia
sp. (CO)

Ulva sp.
(WO)

Nostoc sp.
(WO)

Bifucaria sp.
(CO)

Synechococcus
sp. (WO)

Porphyra sp.
(WO)

Arthrospira
platensis carotenoids
(WO)
Figure 13. Textiles dyed with pigments obtained from
SEACOLORS project.

All the samples were subjected to quality tests
approved at European level:
Test

European norms

Laundering fastness

Colour fastness to domestic and commercial laundering
(Standard UNE-EN ISO 105-C06:2010)

Rubbing fastness

Colour fastness to rubbing
(Standard UNE-EN ISO 105-X12:2003)

Light fastness

Colour fastness to artificial light: Xenon arc fading lamp test
(ENAC_EN ISO 105-B02:2014)

Protection factor measurements (UPF)

Sun protective clothing—Evaluation and classification
(AS/NZS 4399/1996)

CIELab coordinates measurements

Determination of CIELAB coordinates
(UNE-EN ISO 105-J01:2000)

Table 2. European norms used in the dyeing/printing process validation.

The characterization tests revealed that the
algae pigments applied to textile substrates have
comparable quality with the natural ones

Change in color
5 Good behavior
4-3 Fair behavior
2-1 Poor behavior

Staining
5 Very good-Excellent
4 Good
3 Fair
2 Poor
1 Very poor

After the optimization and validation of the
dyeing process, the wastewater eﬄuents were
characterized and revealed a decrease in the
parameters values speciﬁc to the synthetic ones,
but due to the addition of auxiliaries these values
were slightly modiﬁed.
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employed nowadays, at industrial level, but
which originate from other sources, as plants.

The results of the optimized
ﬁnishing textile processes
highlighted fair to good color
b e h av i o r o f t h e p i g m e n t s
extracted from algae.

As resulted from the dyeing process phase, it can
be stated that it was obtained a total of three
colors from algal biomass, which can be successfully applied to the textile ﬁnishing process, and
from which and from which other colors of the
chromatic circle can be developed, by combining them.

MONITORING OF THE ENVIRONMENTAL
IMPACT OF THE PROJECT ACTIONS
The studies regarding the environmental impact were focused on the impacts generated by:
Dyes obtained from algae

Synthetic vs. natural dyes

Environmental impact
assessment of:
Ÿ Algae production
Ÿ Pigment extraction

Pollutant emission when
employing dyes:
Ÿ Process parameters
Ÿ Water

Reuse of generated algal
biomass
Ÿ Second extraction
Ÿ Antioxidant activity
Ÿ Nonwovens

Figure 14. Assessment of the environmental impact of project´s actions.

This assessments resulted in a series of positive
and negative impacts:
When referring to the dyes obtained from algae,
two main phases of the process generate
impacts on the environment. On one side, the
algae production phase can be considered a
sustainable and eco-friendly process due to: no
fresh water use -employment of wastewater
from aquaculture, no biodiversity loss- their
culture does not involve the destruction of other
ecosystems nor wild harvested strains, no land
use (arable or urban) - the algal biomass cultivation facilities are situated in non-invasive
locations or deserted ones, left unexploited. On
the other hand, the pigment extraction phase,
generates compounds of interest by means of
optimized extraction procedures, without
generating pollutant emissions. The negative
emissions were generated by the use of energy
necessary as input for the several sub-processes
of the obtention of dyes, like: water supply,

ﬁltration, aeration, harvesting, liquid nitrogen,
salts, electricity and biodebris
In the comparison realized between the employment of synthetic vs. the newly obtained natural
dyes, it was demonstrated that due to the
optimization of the conventional dyeing process
parameters, less energy consumption was
implied, by requiring a lower process temperature. The wastewater generated by the sustainable dyeing process reveals values of BOD and
COD similar with the synthetic and natural
correspondent processes, due to the auxiliaries
added in all the mentioned processes.
The remaining biomass after the initial extraction
of the proposed compound of interest was
reused for further treatments in order to obtain
new added value compounds, like secondary
extraction with the result of additional colorants
(from the same biomass) showing antioxidant
activity (Figures 15 and 16).

Parameters

Conventional
process synthetic dyes

Conventional
process - natural
plant dyes

Algae
pigments
process

Temperature

≥85ºC

≥85ºC

65ºC

Time

60 min

60 min

60 min

Primary
extraction
Wastes
BIOMASS

Secondary
extraction

TARGET PIGMENT:
PHYCOBILIPROTEINS

CAROTENOIDS

Figure 15. Secondary extraction realized at BEA.

Figure 16. Secondary extraction
realized at ALGAPLUS.
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WHAT HAS BEEN CARRIED OUT?

PROJECT DESCRIPTION

As a resume of the environmental impact of the project actions, a European accepted environmental
assessment tool was employed, the MATRIX OF LEOPOLD (Figure 17).

Raceways ponds constructio (seaweed)

Open / close cultivation systems for microalgae

Bioremediation by cultivation techniques

Algal Biomass production

Extraction of dyes from algae

Biorefinery concept for the extraction processes

Dyeing process laboratory scale

Dyeing process industrial scale

Waste material treatment

Project explotation

Sum of IF values by type and bio components

Water

-1

-1

4

4

-1

-1

-1

-3

-2

-2

-4 -0,4

Microclimate

0

0

3

1

-1

0

0

0

0

3

6

Land

-1

-1

3

-1

-2

0

0

-2

-1

-1

-6 -0,6

Erosion

-1

0

1

0

0

0

0

0

0

0

0

0

Air

0

0

3

3

-1

-1

-1

0

0

3

6

0,6

Noise

-1

0

0

-1

-1

0

-1

0

-1

0

-5 -0,5

Diversity of flora

-1

-1

2

0

0

0

-1

-1

-1

-1

-4 -0,4

Diversity of fauna

-1

-1

2

0

0

0

-1

-1

-1

-1

-4 -0,4

Ornithofauna

0

0

1

0

0

0

0

0

0

0

1

0,1

Chiropteran Fauna

0

0

1

0

0

0

0

0

0

0

1

0,1

Barriers / corridors 0

0

1

0

0

0

0

0

0

0

1

0,1

As a total impact assessment, it can be
observed that the ﬁnal, cumulative value
is close to 0, meaning that all the
negative and positive eﬀects generated
by the project´s actions are neutral.

PHYSICAL
COMPONENTS

Average values

Envisaged NEGATIVE impact factors

PROJECT ACTIVITIES

0,6

-1 low negative eﬀect
-2 tolerable negative eﬀect
-3 medium high negative eﬀect
-4 high negative eﬀect
-5 very high negative eﬀect

BIOLOGICAL
COMPONENTS

0 no observable eﬀect
1 low positive eﬀect
2 tolerable positive eﬀect

Landscape

-1

-1

2

-1

-2

0

0

-1

-1

-1

-6 -0,6

Land use

-1

-1

2

-1

-3

-1

-1

0

-1

-1

-8 -0,8

Economy

3

4

4

3

3

5

1

1

-1

4

27 2,7

Technology

2

3

4

4

3

4

2

4

2

4

32 3,2

Cultural heritage

4

3

1

0

0

2

0

0

0

1

11

Accidents

0

0

0

0

-1

-1

-1

-2

-1

-1

-7 -0,7

Cumulative values of IF according
toenvironmental factors

1

4

34

11

-6

7

-4

-5

-8

7

Average

0

0

2

3 medium high positive eﬀect
4 high positive eﬀect
5 very high positive eﬀect

SOCIO-CULTURAL
COMPONENTS

1 -0,35 0 -0,24-0,29-0,47 0

Figure 17. Leopold´s matrix revealing the environmental impact assessment of SEACOLORS project.

18

1,1

IF=0,24

MONITORING OF THE SOCIO-ECONOMIC
IMPACT OF THE PROJECT ACTIONS
The quantiﬁcation of the socio-economic impact was achieved by realizing:

Market studies:
¢ Employment of the obtained

¢ Advantages and incoveniences

compounds from the
SEACOLORS project

¢ Perspectives

As a result of the market studies and algae production and pigment employment studies, the following
comparative table summarizes the acquired information:

Dyeing process for 100 kg
batch fabric

Synthetic dyes

Water consumption in LITERS

700-1840

2000-4000

2000-2500

Energy consumption kWh

569,7-1497,6

269,4-369,4

242,4-332,4

price (€/kg)

2,67- 35,57

5-70

5-200

quantity (kg)

16,6

10-30

10-30

8,23-41,91

13,23-46,91

13,23-46,91

Natural dyes-plants Natural dyes -algae

Dye

Auxiliary consumption (kg)

Table 3. Market studies: production and employment prices.

Surveys applied to:
¢ Textile industry specialists
¢ Algae producers
¢ Consumers

The social element is a deﬁning factor in the
launching and the commercialization of a
product, so from a diversity of 126 questioned
persons, 71,42% had a very positive reaction
towards the employment of algae in the industry,

meanwhile 27,7% reacted in the positive range.
Regarding the tendency of openness in terms of
buying a textile product produced with algal
pigments, 87,3% of response were comprised in
the “likely to buy” range.
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WHAT HAS BEEN OBTAINED?
MAJOR OUTPUTS AND RESULTS

1

Algae biomass was satisfactorily used for the extraction of three diﬀerent types of
pigments: phycobiliproteins (phycocyanin (blue) and phycoerythrin (magenta)),
carotenoids (carotenes (orange) and xanthophyll's (yellow)), and chlorophylls
(green). These pigments can be used as natural dyes.

2

An optimized cultivation process was developed, in which micro and macroalgae
are able to grow in outdoor conditions and produce high amount of pigments.

3

The obtained colorants were employed in an optimized conventional dyeing
process obtaining satisfactory results.

4

The new, sustainable obtained colorants have a beneﬁc eﬀect on the wastewater
eﬄuents from the dyeing process, resulting in a less contaminated wastewater
and easier to be treated.
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DISSEMINATION AND
NETWORKING ACTIVITIES
EVENTS
All partners have been involved in dissemination
activities in order to arrive to the diﬀerent
stakeholders of the project, promoting and
raising interest in the project results among the
European audience and through its contacts
with European bodies and networks.

By contributing to scientiﬁc
events, consortium aims to
objectives and outcomes of
stimulate the interest of the
SEACOLOS has participated in:

conferences &
present main
the project to
general public.

2016
¢ IFATCC- International Federation of

¢ BIOLATAM 2016, 29-30 November 2016, Puerto
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢

Rico
BIO-Europe, 7-9 November 2016, Germany
Focus Pyme y Emprendimiento 2016 in Alicante,
Spain, on 3 November 2016
EFIB in Scotland, UK, 19-20 October 2016
CPHI in Barcelona, Spain on 4-6 October 2016
Noite Europeia dos Investigadores in Porto,
Portugal, on 30 September 2016
BIOSPAIN, in Bilbao, Spain, 28-30 September
2016 =FINAL EVENT
ECOFIRA in Valencia, Spain, on 28 – 29
September 2016
Seagriculture in Aveiro, Portugal, on 27-28
September 2016
PROGRAMA LIFE 2016 INFODAY REGIONAL in
Valencia, Spain, on 14 July 2016
HORIZON 2020 International Climate Helix
Event in Valencia, Spain, on 29-30 June 2016
22nd International Seaweed Symposium in
Copenhagen, Denmark, on 19-24 June 2016

¢
¢
¢
¢

¢

¢
¢
¢

Associations of Textile Chemists and Colourists
XXIV
BIO International Conference in San Francisco,
USA, 6-9 June 2016
Workshop- RESET “Innovating for textile and
clothing sustainability”
Project in Prato, Italy, on 17 May 2016
International Fair of the Sea (FIMAR 2016) in
Las Palmas de Gran Canaria, Spain, on 6-8 May
2016
11th Annual Public Conference of the European
Technology Platform for the Future of Textiles
and Clothing in Brussels, Belgium, on 13-14 April
2016
BioEurope Spring in Stockholm, Sweden on 4-6
April 2016
Algal Microbiome: Friends or Foes (ALFF) in
Lisbon, Portugal on 26 February 2016
Workshop N°1 on Macroalgal Cultivation,
PHYCOMORPH network event in Kavala,
Greece, on 15-19 February 2016

2015
¢ Algae Europe Conference 2015: 2nd European
¢
¢
¢
¢
¢

Algae Biomass
Association and 9th International Algae in
Lisbon, Portugal, on 1-3 December 2015
BIOLATAM in Santiago de Chile, Chile on 16-17
November 201
BioEurope in Münich, Germany on 2-4
November 20155
Atlantic Stakeholder Platform Conference in Le
Quartz, Brest, France, on 29 October 201
ECOFIRA 2015 in Valencia, Spain, 1-3 October
2015

¢ CPHI in Madrid, Spain on 13-15 October 2015
¢ Biotechnica in Hannover, Germany on 6-8
¢
¢
¢
¢
¢

October 201
BioPharm in Boston, USA on 15-17 September5
XX Cryptogamic Botany Symposium in Porto,
Portugal, on 22-25 of July 201
Infoday Regional REDIT Programa Life 2015 in
Paterna, Valencia, Spain, on 14 July 20155
BIO International Convention in Philadelphia,
USA, on 15-18 June 201
Biotech Showcase in San Francisco, USA on 1214 January 2015

2014
¢ 6th Symposium on Bioengineering in Porto,
¢
¢
¢

¢

Portugal on 22 November
Biomarine 2014 in Cascais, Portugal on 31
October
“Farmed Irish Seaweed: an ocean of wonder
food” in Limerick, Ireland, on 18 November 2014
“World Day for Aquaculture: Biotechnological
Potential” in Gran Canaria, Spain, on 16
November 2014
Seminar SPI in Viseu, Portugal, on 11 November
2014

¢ “2nd Week for Marine Biodiversity (Atlantic

¢
¢
¢
¢

Society of Oceanographers): Biotechnological
Potential of the microalgae collection” in Gran
Canaria, Spain, on 10 November 2014
“Mujer y Biotecnología” from AMMDE, Madrid,
Spain, on 6 November 2014
BioEurope in Frankfurt, Germany on 3-5
November 2014
Biomarine 2014 in Cascais, Portugal on 31
October 2014
H2O Accadueo Event in Bologna, Italy, 22–24
October
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DISSEMINATION AND
NETWORKING ACTIVITIES
PUBLICATIONS
Diﬀerent dissemination documents have been generated through the project progress, published in a
variety of magazines, both in e-journals and printed press:

Scientiﬁc articles
¢ “Single-step extraction of carotenoids from brown macroalgae using non-ionic surfactants” in the

Separation and Puriﬁcation Technology magazine, 172 (2017) 268–276
¢ “Phycobiliproteins –new natural dyes from algae as asustainable method” in Vlákna a textil, 23(3),

2016 FIBERS&TEXTILES, a Czech Textile Journal (ISSN: 1335-0617)
¢ “Presentación de resultados del proyecto LIFE SEACOLORS” in the “Química e Industria Textil”

magazine Nº 218 / OCTUBRE 2016 www.aeqct.org )

Textile and other related magazines
¢ Journal PINKERMODA: “Las algas como colorantes naturales del textil”, 4 November 2016

Textile Express Magazine - Revista 223 – February 2016, “SEACOLORS, Nuevos colorantes naturales procedentes de algas para la industria textil”
¢ AITEX Review año XV nº 50 May 2015, “Life SEACOLORS - Demostración del uso de nuevos

colorantes naturales obtenidos a partir de las algas, como sustitutos de colorantes sintéticos
utilizados en la industria textil”
¢ Journal The Planthunter, “Fabric Dyeing with Algae: A Watery New Frontier”. #36: WATER
¢ “Algas para colorear camisetas” in efeciencia (EFE FUTURO)

Other publications
¢ SEACOLORS video: http://www.seacolors.eu/index.php/en/publications-and-events/video-seacolor
¢ TV and social networks (SOCIETY): Canarias HOY, Telenoticias, Facebook, Twitter, Linkedin
¢ Interview done during ECOFIRA Fair and published in Samaruc digital web in September of 2016.
¢ SEACOLORS website: www.seacolors.eu

NETWORKING
Due to the diﬀusion action of the project´s
results, several companies, with diﬀerent
proﬁles, contacted the consortium partners for
information regarding the application of the
newly developed products in their industry.
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The contact came from:
¢ Tanning companies
¢ Textile companies
¢ Designers
¢ Students for the development of investigation
work in this ﬁeld

CONCLUSIONS
THE OBTAINED DYES HAVE ALLOWED DYEING / PRINTING OF FABRICS, SUGGESTING THE
POSIBILITY OF REPLACING THE SYNTHETIC COLORANTS EMPLOYED NOWADAYS, WHICH
CAUSE ENVIRONMENTAL AND SOCIAL POLLUTION.

1

SEACOLORS has obtained natural colorants from a new, sustainable source.

2

SEACOLORS has selected 8 microalgae and cyanobacteria as well as 6 seaweed species
with high potential for their industrial exploitation as dyes producers.

3

SEACOLORS has demonstrated the possibility of modifying the capacity of algae to
produce pigments by means of easy modiﬁcation on their culture conditions.

4

SEACOLORS has demonstrated the applicability of the newly sourced colorants in the
textile dyeing and printing process.

5

SEACOLORS has managed to obtain less contaminated wastewater eﬄuents from the
textile dyeing process, which also involve lower level of its treatment.

6

SEACOLORS developed more sustainable raw materials for the dyeing and printing
process, together with an environmentally friendly process.

7

SEACOLORS project actions can be subjected to the concept of circular economy due to
the utilization of algal biomass (colorant extraction
employment in the textile
industry further extraction from the residual biomass
employment in other industries
(cosmetic, pharma, food, feed)).

8

The SEACOLORS achievements are quantiﬁed in validated natural and sustainable
colorants that can be applied in the textile industry. Due to the fact that the colorants can
be employed through the conventional dyeing and printing processes they can be easily
implemented in a textile company, at industrial level, generating, in this way the application of
the Social Corporate Responsibility and conformation with the new and needed eco trend.
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www.seacolors.eu
Coordinated by:

Participating Institutions:

