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2. Executive Summary  

The LIFE+ project SEACOLORS, Demonstration of new natural dyes from algae as 

substitution of synthetic dyes actually used by textile industries (LIFE13/ENV/ES/445) 

started the July 1st 2014, and this final report covers the period of execution from July 1st 

2014 to December 31th 2016. 

The textile industry is named to be the second most polluting industry; being estimated that 

over 10.000 different dyes and pigments are used industrially and over 7×105 tons of synthetic 

dyes are annually produced worldwide. Up to 200.000 tons of dyes are lost on effluents every 

year during the dyeing and finishing operations. Due to these enormous amounts of synthetic 

pollutants released in the environment SEACOLORS main aim was the demonstration and 

validation of obtaining natural dyes from a sustainable and renewable source, ALGAE , 

and their application in the textile industry to replace the synthetic dyes. With this 

improvement, another goal was to obtain less contaminated wastewater as expected by the 

higher biodegradability of the natural dyes; thus helping in reducing the water purification 

process and simultaneously contributing to the application of the politics and community 

legislation regarding industrial wastewater effluents, the 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, particularly the REACH regulation. 

The validation process required by SEACOLORS involved several phases, starting with the 

validation of the types screening and validation of the most suitable algae strains, from the 

high variety of microalgae, cyanobacteria and macroalgae species, followed by the 

optimization of the growth process to achieve the maximum colorant yield per biomass. The 

pigment extraction process followed an optimization process, which was complementary with 

the investigation of the variables involved in the textile finishing processes to obtain dyed and 

printed fabrics with acceptable quality parameters. This is a complex process due to: 1st a 

huge variety of fibres in the market and the range of colors demanded by the fashion and 2nd 

by their specific requirements regarding the fastness qualities of a dyed or printed fabric. 

Several specific objectives were marked: 

¶ To select algae(micro- and macroalgae) with dye capacity and potential for mass 

cultivation 

¶ To improve the algal dye content through the optimization of their growing conditions 

¶ To study the extraction conditions to increase the amount of the obtained dye 

¶ To study the dyeing and printing processes and the auxiliaries needed to obtain 

satisfactory results 

¶ To compare the fastness of the newly obtained natural dyes with the synthetic dyes 

¶ To disseminate and transfer results to stakeholders. 

The project started with preparatory action A1, which had as main objective the identification 

and selection of potential microalgae (including cyanobacteria) and macroalgae species 

suitable to be used as raw material for the dye industry. The screening of the species was 

based on literature review, the knowledge of the team involved as well as biomass already 
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available in the partnerôs records. After the first identification of the species, their cultivation 

was developed to be able to undergo a pigment characterization for a final selection process 

and a final validation for the textile industry application. At the end of this action, 8 

microalgae and 6 macroalgae species were selected to continue the experiments. 

 

Figure 1.Microalgae and macroalgae employed in SEACOLORS 

Action B1 involved the cultivation of the 

previously selected algae species, starting from 

laboratory scale and then updating to a semi-

industrial scale, due to the fact that lab pilot 

observation cannot be extrapolated to outdoor 

conditions because the physiological behaviour is 

strain dependent and it may have negative 

influence due to the uncontrollable external 

conditions. The final results represented the 

production of micro and macro algal biomass at 

pilot scale, with improved yields for prolonged 

periods in a sustainable way at pilot scale.  

 

Figure 2. Algae species cultivation, indoor and outdoor scale 

 

During action B2 the cultivated biomass in the previous action was subjected to pigment 

extraction procedures. These procedures were continuously optimized in order to obtain a 

general extraction method applicable to several algae strains. By the end of this task three 

different colorants were successfully obtained: red, blue and yellow; which could be further 

employed in textile finishing processes. 

   

Figure 3. Selection pigment extracts (powder and liquid) obtained in SEACOLORS developments 

Action B3 main purpose was the validation and demonstration of algal dyes in the textile 

dyeing and printing processes. The extracted pigments, in soluble or liquid form, were 

employed in dyeing and printing processes of cotton and wool fabrics. The processes 

represented the laboratory simulation of a common industrially exhaustion dyeing process and 

the most popular pigment-printing process. In order to validate the pigments applicability, the 

finished fabrics were characterized according to European regulations by means of: 
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¶ Determination of CIELab coordinates, to numerically define the color and calculate 

the color difference for the objective analysis of the different dyeing/printing tests. 

¶ Fastness tests to: laundering, rubbing, light. 

¶ Additional value tests: Protection factor measurement and antimicrobial properties. 

A.  B.  C.  

Figure 4. Images of finished textiles with algal pigments, A. Dyed cotton (right) and wool (left) fabrics, B. Printed cotton (right) and 

wool (left) fabrics, C. Printed t-shirts with algal pigments 

Action C1 demonstrated a reduction in the environmental impact by using natural dyes as 

substitutes for the synthetic ones, which represent an important pollution source and, at the 

same time by reducing the wastewater contamination with their employment. The 

minimization of the environmental impact occurred in all the phases of the project: 

¶ The impact generated by the obtaining of dyes, was minimized in comparison with the 

means of production of the other natural sourced colorants or the synthetic ones. 

¶ The impact generated by the employment of these newly obtained dyes has decreased 

in comparison with their commercial correspondents, in terms of employment of lower 

process temperatures, higher biodegradability, lower wastewater pollution. 

¶ The impact resulted from the reuse of biomass, was a positive one, making possible 

the adaptation of the project to the circular economy concept, by further manipulation 

of the same biomass as a biorefinery in order to obtain different colorants, evaluate 

antioxidant activity in secondary extracts, giving the biomass another added value. 

At the end of action C2, the project demonstrated the ability to employ algae biomass for the 

obtention of new dyes to be used in the textile industry. In the other hand, wastewater 

effluents resulting from the process proved higher biodegradability. Furthermore, the used 

biomass for the extraction of the initial colorants could be used to obtain new colorants and 

several compounds with added value for other industries. The algal colorants cost was 

calculated only at laboratory level, and it resulted higher that the currently used dyes. The 

extrapolation would generate a lower cost due to the relation price-quantity of the auxiliary 

products used in the algae cultivation, extraction and application processes. 

Different surveys were created in order to monitor the knowledge of target audience 

awareness of the environmental and socio-economic impacts of the project and to measure the 

acceptability of the newly developed product in the textile industry. 

Action D.1 was addressed to the dissemination and communication phase, aiming at reaching 

the widest possible audience. All partners worked on the development of contents for 

dissemination purposes, and participated at events of interest at both scientific and 

commercial level; in action D.2 the webpage of the project was developed in two languages: 

English and Spanish. It was created in September 2014, but considerably changed in February 

2016 in order to improve the contents and to make it more interactive. Also, two Noticeboards 

were created through action D.3, one at the beginning and the other at the end of the project, 
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and were placed in the facilities of all the partners. And in action D.4 the Layman´s report 

was created in three languages: English, Portuguese and Spanish.  

Action E.1 promoted the proper functioning of the project, establishing channels for internal 

and external communication and controlling the time slots for the execution of tasks, this task 

has been carried out successfully, as the indicators of progress have been achieved on time; in 

action E.2 AfterLIFE communication plan was done, which ensures the proper exploitation of 

the results after the end of the project.; Last but not least, Action E.3 resulted in the creation 

of a database with projects connected with the theme of SEACOLORS project, which were 

contacted and informed about the projects advances and results. The database contains a total 

of 60 projects and was used for the final dissemination event. From all contacted projects, 16 

answered wishing to join the network and 6 accepted to meet and discuss about the projects. 

From the actions and activities performed, several deliverables have been obtained (Attached 

in the TECHNICAL ANNEX): 

ACTIONS A:  

D.A.1.1. Microalgae and macroalgae selection for dye extraction. A complete report based 

on scientific literature and experience and species records in the partners facilities. It 

represented the starting point of the project. 

D.A.1.2. Microalgae and macroalgae biomass production at lab scale. BEA and 

AlgaPLUS were performing microalgae/cyanobacteria and macroalgae cultivation under 

laboratory-controlled conditions. Growth conditions and measurements were definided. 

D.A.1.3. Microalgae and macroalgae pigment characterization. BEA and AlgaPLUS were 

performing laboratory scale pigments/dyes extraction and characterization (target pigment 

concentration; purity criteria; stability, etc.) from biomass obtained. Standard methods for 

pigments extraction and quantification from biomass obtained were used for 

microalgae/cyanobacteria and macroalgae pigments/dyes characterization 

ACTIONS B:  

D.B.1.1. Microalgae/Cyanobacteria production at pilot scale. The optimum conditions of 

outdoor algal cultivation were developed, to obtain the highest efficiency in the dye yield. 

These studies were realized in Spanish Bank of Algae facilities and represented an upscaling 

of the laboratory cultures.  

D.B.1.2 Report of macroalgae production in an IMTA unit. A complete report based on 

the upscaling of the macroalgae species. The increase in the yield efficiency was realized in 

ALGAPlus facilities and consisted in manipulation of the stocking densities and renewal rates 

of the seawater inside the cultivation units. 

D.B.2.1. Report of the dye extraction. This activity characterized the obtained dyes to 

compare them and determine the changes that occur in the dye, which resulted in a change of 

process variables or in different batches. Furthermore, sometimes the obtained dye was not 

suitable for direct application in the textile process so it required prior treatment as conversion 

to dust or solvent removal. This activity generated three different colors: red, blue and yellow. 

D.B.3.1. Report of the dyeing process to cotton and wool. This stage validated and 

demonstrated the application of dyes in the dyeing and printing processes, applied to cotton 

and wool. It implied various parameter optimization process to reach a generally viable 

dyeing/printing process for the dyes involved to both tested substrates.  
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D.B.3.2. Results of the tests done to the dyed fabrics. A full report was developed based on 

the dyed or printed textiles characterization through which was validated the newly obtained 

dyes potential to compete with the actual employed colorants. The conformity tests applied to 

the fabrics revealed good results. 

D.B.3.3. Report of the analysis of waste water with natural colours. This report collects all 

the information about the analysis of waste water after the dyeing process with natural dyes 

form algae to compare with other dyes. 

D.B.3.4. Report on the results of dyeing on an industrial scale. This deliverable collects 

the validation the dyeing on an industrial scale using the new dyes. 

ACTIONS C:  

D.C.1.1. Environmental impact report . This deliverable collects the monitoring of the 

impact on the environment, of the project actions, referred to the realization of a quantitative 

comparative study advantages and saving of the process of manufacture and use of natural 

dyes comparing with the actual situation. The studies of the environmental impact of a project 

are suitable to be realized through specific methods of Environmental Impact Assessment 

(EIA), which ca be used for the identification, systematic studies, visualization and impact 

assessment. Through these methods were identified the direct and indirect impacts 

D.C.1.2. Socio-Economic impact report. This deliverable collects the results of the social 

and economic impact that the production and the use of algae extracts has on the society and 

the actual economy.  

ACTIONS D:  

D.D.1.1 Dissemination and Communication Plan. This deliverable includes the tips and 

way to do the dissemination during the project as well as collects the main dissemination 

activities developed (fair, congresses and events assistance, number of people informed about 

the project, impact of the dissemination activities). Moreover, summarizes briefly the 

dissemination channels used, the dissemination material and the final event results.  

D.D.1.2 and D.D.13 Newsletter and Dissemination Material developed during the whole 

project. 

D.D.1.4. Publication, press releases, mailings. The press realises, published articles, social 

networks dissemination are described in this report. 

D.D.1.5. Divulgation material collects the divulgation material and channels used to 

disseminate the final event. 

D.D.2.1 Website of the project. In this deliverable, it has been collected the main section of 

the website and it has been explained the main functionalities. 

D.D.2.2 Partners information in website. Publication in partnerôs website are being 

collected in this deliverable. 

D.D.3.1 Notice Board (beginning of the project). Notice board design of the project with 

the main results of the project. 

D.D.3.2 Notice Board (results of the project). Notice board design of the project with the 

main results of the project. 
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D.D.4.1 Layman Report. In this deliverable it has been collected the Layman Report in 

English, Italian and Spanish. 

 

ACTIONS E:  

 

D.E.1.1 Consortium agreement and meeting calendar. This deliverable has been divided in 

two parts: the first one with all the consortium agreements signed by all partners with the 

coordinating beneficiary (AITEX) and the second part in a meeting calendar establishing the 

meetings carried out.   

D.E.2.1 After LIFE Communication Plan. In this deliverable it has been attached the 

communication plan to be followed once the project finish. 

D.E.3.1. Database with information of the main LIFE projects related to this project. 

This represents a complete report of a database creation including the most recent LIFE 

projects in relation with SEACOLORS thematic. This activity was focused on Life+ calls, but 

also includes information from other EU support programmes like FP7, CIP, etc.   

D.E.3.2. Report of the Final Event.  This report includes a full description of the Final Event 

with the presentations of the results of the project and presentation of other projects. In this 

report are collected the numbers of entities and companies to which the project newsletters 

have been sent and the meetings with the other LIFE project that have been carried out. 

 

Summarizing the main outputs of the SEACOLORS project, the consortium was able to study 

the pollution levels of some commonly used synthetic dyes in the textile industry, to identify 

suitable micro (including cyanobacteria) and macroalgae species with the capacity of being 

cultivated in conditions that generate the highest colorant yield, the most advantageous 

extraction method of colorants from algal biomass that can be extrapolated to an industrial 

level and optimum dyeing and printing processes employing the newly, eco-friendly obtained 

dyes. In this way, it was achieved a significant reduction of the level of pollution generated by 

the finishing branch of the textile industry and a reduction of the purifying costs of the 

wastewater resulted from the textile finishing process. The environmental and economic 

benefits of the usage of the obtained algal dyes have been studied, elaborating impact analysis 

from the production levels until the end of the final product life and also comparative studies 

with the actual practices. Thus, SEACOLORS results are considered as fully successful.  
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3. Introduction  

Description of background, problem and objectives  

- Objetives: 

SEAOLORS main goal has been the validation and demonstration of obtaining of natural 

dyes from a sustainable and renewable source, namely algal species, and their application in 

the textile industry in order to replace the synthetic ones, with harmful and pollutant effects 

on the environment.  

The project targets were achieved through the accomplishment of several objectives divided 

into four phases: selection of algae with dye characteristics and their cultivation process, 

efficient pigment extraction, used in textile finishing processes as dyeing and printing. 

 

- Environmental problem/issue addressed 

Pollution and resource scarcity represent important issues nowadays, generated by the impact 

of human demands on the environmental health. One of the most polluting industries is the 

textile sector, as it employs high quantities of water and chemicals, represented mostly by 

dyestuffs, from synthetic origin, a non-renewable nor sustainable source, mainly oil. They are 

pollutant during their manufacturing and use, due to the residues content in the wastewater 

effluents resulting from the dyeing processes.  

Because of this, the foreseen results that were demonstrated during the project has been to 

obtain natural dyes from a renewable source to use in textile industry, and consequently: 

¶ New source of natural dye (more efficient that natural dyes from plants) 

¶ Selection of algae species with high potential of dyeing 

¶ Validated dyeing process with the newly obtained dyes 

¶ Obtaining of a three colours mixture and from there the development of other colours 

based on the chromatic circle 

¶ To replace the pollutant synthetic dyes with natural sustainable ones 

 

- Outline the hypothesis to be demonstrated / verified by the project: 

The LIFE SEACOLORS project has allowed demonstrating the possibility to obtain natural 

dye from algae, and demonstrating the use of these dyes in dyeing and printing processes. 

Different dyeing and printing conditions have been studied in order to obtain a homogeneous 

and durable colour on the wool and cotton substrates. 

 

- Description of the technical / methodological solution: 

Five general phases will be followed during the project:  

Å Study and selection of algae with dye capacity 

Å Study of growing conditions of algae to increase dyes substance 

Å Validation and demonstration of the application of algae dyes in textile dyeing 

process. 

Å Monitoring of the environmental and economic impact 
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Å Dissemination, networking and management activities 

 

- Results and environmental benefits: 

o Selected different micro and micro as pigment/dyes sources to provide the three basic 

colours employed in dyeing.  

o Optimization of cultivation conditions to increase the Pigment content. 

o Validated the extracting methods to obtain green (chlorophylls), red (phycoerythrin) and 

yellow (carotenoids) pigments from micro and macroalgae. 

o Obtaining of a tricomy. 

o Definition of the method to dye wool and cotton substrates (eco-friendly method). 

o Dyeing or printing textiles with a good uniformity and reproducibility. 

o Natural algal dyes present 70% of biodegradability. 

o Natural algal dyes production reduces significantly the CO2 emissions.  

o New trends of textile market reduce uses of synthetic dyes. 

 

- Expected longer term results: 

A changing perception of health and pollution drive European demand for sustainable 

products. European consumers are becoming more aware of the importance of healthy 

lifestyles and the environment. The same environmental sensibilities that have swept the 

foodie world (farm-to-table, organic produce) are making inroads in the fashion universe as 

the environmental movement continues its rise and new technology produces new natural 

materials and recycled materials. 

The textile industry is a large consumer of volatile chemicals and generator of pollutants. The 

processes that output the most pollutants within the textile industry include the coating, 

finishing, dyeing and printing processes. 

SEACOLORS project has demonstrated the possibility to obtain different dyes from micro 

and macroalgae and validated the use of these natural dyes in dyeing and printing processes. 

However, presented technology could be very interesting in additional industrial sectors were 

dyes are currently used. For that reason, after the end of the project it will be very interesting 

to continue working in three areas: 1) Selection other algae to obtain new pigments; 2) 

Implementation the technology in textile industry; 3) Implementation in other kind of 

industries. AITEX has a lot of clients and contacts in textile industry, therefore the results of 

the project and the experience obtained will facilitate the introduction of the technology in 

each kind of company depending on their kind of product and requirements.  

Moreover, this project will also contribute to the accomplishment of the environment 

Directives in order to develop a eco textiles and environment quality. 

 



SEACOLORS-LIFE13/ENV/ES/445 

4. Administrative part   
4.1 Description of the management system 

4.1.1. Description and schematic presentation of working method and overview 

SEACOLORS was composed by 5 types of actions: A (preparatory), B (implementation) which was the technical action and core of the project. 

C (monitoring of the impact of the project actions) was mandatory, and D (dissemination) and E (management), transversal actions covering the 

whole project.  

Hereunder you can find a calendar where you can see that the project has been executed mainly according to the approved timetable, except for 

some small delays in finishing actions A and B, which didnôt affect the final results of the project: 

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22 M23 M24 M25 M26 M27 M28 M29 M30

jul-14 ago-14 sep-14 oct-14 nov-14 dic-14 ene-15 feb-15 mar-15 abr-15 may-15 jun-15 jul-15 ago-15 sep-15 oct-15 nov-15 dic-15 ene-16 feb-16 mar-16 abr-16 may-16 jun-16 jul-16 ago-16 sep-16 oct-16 nov-16 dic-16

Estimated A.1. Study and selection of algae with dye capacity
Actual A.1. Study and selection of algae with dye capacity

Estimated B.1 Study of growing conditions of algae to increase dyes substance

Actual B.1 Study of growing conditions of algae to increase dyes substance

Estimated B.2 Extraction of dyes from algae

Actual B.2 Extraction of dyes from algae

Estimated B.3 Validation and demonstration of the application of algae dyes in textile dyeing process
Actual B.3 Validation and demonstration of the application of algae dyes in textile dyeing process
Estimated C.1 Monitoring the environmental impact of the project actions
Actual C.1 Monitoring the environmental impact of the project actions
Estimated C.2 Monitoring the socio-economic impact of the project actions
Actual C.2 Monitoring the socio-economic impact of the project actions

Estimated D.1 Dissemination and communication

Actual D.1 Dissemination and communication 

Estimated

Actual D.2 Project Website

Estimated D.3 Project Noticeboards

Actual D.3 Project Noticeboards

Estimated

Actual D.4 Layman Rep

Estimated

Actual

Estimated

Actual E.2 After Life

Estimated E.3 Creation of an information exchange network with other projects

Actual E.3 Creation of an information exchange network with other projects

Estimated

Actual E.4 Proj Audit

E.4 Proj Audit

E.1  Project Management

D.4 Layman Rep

E.2 After Life

D.2 Project Website

E.1  Project Management
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4.1.2 Presentation of the coordinating beneficiary and associated partners 

The SEACOLORS consortium was composed by 4 entities from Spain (3) and Portugal (1): 

AITEX  was the coordinating beneficiary, and is a Spanish non-profit making private 

association formed by textile and related companies. AITEX has a biotechnology research 

group with great experience in the application of new natural dyes in textile dyeing process. 

AITEX has been the coordinating beneficiary participating in several actions: A1, B3, C1, C2, 

D1, D2, D3, D4, E1, E2 and E4. 

ALGAplus  is a private Portuguese company that produces and trades seaweed and seaweed-

derived products in an ecological and social sustainable way through continuous innovation 

and strict parameters of quality and traceability. Algaplus has been the responsible for the 

implementation of A1, B1 and B2 and has participated in several actions: C1, C2 and D1. 

The Spanish Bioindustry Association (ASEBIO) brings together companies, associations, 

foundations, universities, research and technology centers that carry out activities directly or 

indirectly related to biotechnology in Spain. ASEBIO has been the responsible for 

implementation of D1 and has participated in D2, D4, E1, E2 and E3. 

Universidad de Las Palmas De Gran Canaria (BEA-ULPGC). The Spanish Bank of Algae 

(BEA) is a university infrastructure that has got a wide experience on algae (macro- and 

microalgae) cultivation at laboratory and pilot-scale photobioreactors, tanks and raceways, 

under the frame of ñMarine Agronomyò as an important agro-industrial sector for the 

development of the Canarian region. BEA-ULPGC has been responsible for the 

implementation of A1, B1 and B2 and has participated in C1, C2 and D1. 

4.1.3. Project organization 

For the project coordination, a Steering Committee consisting of one representative from each 

institution was appointed at the beginning of the project. For the project management it has 

been created a technical and financial team to carry out the necessary tasks within the 

different actions of the project. This team consists of individuals from each partner as follows: 

PM, responsible for the executive management of the project (Simona Moldovan, AITEX) 

and Technical and Financial team (José Antonio Santoja (supported by Eusebio Aranda), 

AITEX), responsible of the execution of the project, Juan Luis Gómez Pinchetti and Ana 

Peñuela, BEA; Helena Abreu and Rui Pereira ALGAplus; Marcela Ferrándiz, Elena Mira 

AITEX; Beatriz Palomo and Pilar Caro Chinchilla, ASEBIO). 

AITEX-Coordinator
Simona Moldovan

AITEX
Marcela Ferrándiz

Technical Coordinator
 

AITEX
Elena Mira

AITEX
José Antonio Santoja 

Financial Coordinator
 

AITEX
Rosa López 

Technical Coordinator Support

 

Project Manager Support
 

ALGAPLUS
Helena Abreu

BEA
Juan Luis Gómez Pinchetti

ASEBIO
Pilar Caro 

Project Responsible at ALGAplus 
 

Project Responsible at BEA 
 

Project Responsible at ASEBIO 
 

Project Manager  
 

 

Figure 5. SEACOLORS Organigram 
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Several differences may be observed with respect to the initial organigram included in the 

project proposal. The differences occurred due to changes in the research groups personnel. 

The proposed coordinator of SEACOLORS was Miriam Martinez, who due to the overcharge 

of work was replaced by the coordinator of Life projects in the Biotechnology research group, 

Luis Miguel Perez, who worked in the project until February 2016, when his laboral activity 

in AITEX ceased. The new responsible was Simona Moldovan. She had support in project 

management, coordination and dissemination actions by Rosa López, who replaced the 

initially proposed Korina Molla, due to her high level of implication in other projects. 

Marcela Ferrándiz was the Technical coordinator, and she had the support of Elena Mira in all 

technical tasks. These were the main responsible people but other staff members were 

involved in the development of the project. 

Date Place Assistants Event 

08/07/2014 

AITEX facilities. 

Alcoy, Alicante, 

Spain 

AITEX : Luis Miguel Pérez, Elena Mira y Esther 

Franco 

ULPGC: Juan Luis Gómez Pinchetti 

ASEBIO: Beatriz Palomo y Pilar Caro 

ALGAPLUS : Helena Abreu 

Kick-off meeting 

10/09/2014  Madrid AITEX : Luis Miguel Pérez 
Kick-off LIFE 

Beneficiaries 2013. 

27-

28/01/2015 

ALGAplus 

facilities, Ílhavo, 

Portugal 

AITEX : Luis Miguel Pérez y Elena Mira 

ULPGC: Juan Luis Gómez Pinchetti 

ASEBIO: Pilar Caro 

ALGAPLUS : Helena Abreu 

MONITORING TEAM:  Filipa Ferrão 

Second project 

meeting 

30/09/2015 

BEA-ULPGC 

facilities, Las 

Palmas de Gran 

Canaria, Spain 

AITEX : Luis Miguel Pérez y Elena Mira 

ULPGC: Juan Luis Gómez Pinchetti, Tamara 

Rodríguez y Carlos Almeida 

ASEBIO: Pilar Caro y Beatriz Palomo Belbel 

ALGAPLUS : Helena Abreu y Andreia Rego 

Third project meeting 

24-

25/02/2016  

ASEBIO 

facilities, Madrid 

AITEX : Elena Mira, Simona Moldovan y Marcela 

Ferrándiz 

ULPGC: Juan Luis Gómez Pinchetti y Tamara 

Rodríguez 

ASEBIO: Pilar Caro y Beatriz Palomo Belbel 

ALGAPLUS : Helena Abreu 

MONITORING TEAM: Filipa Ferrão 

Fourth project 

meeting 

14/12/2016  
ASEBIO 

facilities, Madrid 

AITEX : Simona Moldovan y Marcela Ferrándiz 

ULPGC: Tamara Rodríguez 

ASEBIO: Pilar Caro y Beatriz Palomo Belbel 

ALGAPLUS : Helena Abreu 

MONITORING TEAM:  Filipa Ferrão 

Fifth project meeting 

Table 1.Project meetings attendants 

 

4.1.4. Changes on the Partnership and Grant Agreements 

Since the beginning of the project, 2 reports were sent to the European Commission, which 

were accepted: the Inception Report (31/03/2015) and the Midterm Report (29/03/2016). 

Copies of PA, in pdf format, were delivered to the Commission with the Inception Report. 

Within the Mid-Term Report, was sent the Consortium agreement and meeting Calendar. 

Also, a Corrigendum to Cooperation Agreement was sent as requirement of the EC after 

Inception report review.  Along with this Final Report is attached an updated Meeting 
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Calendar, containing the information pertaining to the 2016 meetings in Administrative Annex 

1. E.1.1Consortium Agreement and meeting calendar (updated). 

 

Regarding the Grant Agreement, there were no formal changes to it. 

 

4.1.5. Project coordination 

An internal schedule was designed in order to monitor the progress of the executed tasks by 

the beneficiaries. All beneficiaries were involved in the organization of the 5 planned 

consortium meetings and Final Event. As in the project schedule, internal meetings were 

distributed between all partnership members and hosted in each of the beneficiariesô facilities. 

Each meeting host was responsible for organisation and travel advice for attendees. Moreover, 

it is important to mention that phone and videoconferences were held in order to better control 

the progress of the report.   

Regarding the organizational part, there are not significant changes in roles and functions of 

the beneficiaries (only some beneficiaries have internally included other personnel than 

foreseen in order to support the original team). This didn´t constitute a problem from any 

point of view, like deadline modifications of budget fluctuations, due to the fact that all 

changes were taken by the partner organizations. The changes and reasons for these have been 

explained and justified in the Comments on the Financial Report section.  

 

4.2 Evaluation of the management system 

The management system was established at the beginning of the project and approved by all 

partners. There were no major incidents, beyond unimportant delays or temporary deviations. 

During the implementation of SEACOLORS foreseen activities there was a small delay in the 

development of action B.3., in the optimization of the dyeing process, which also affected the 

beginning of action C1. Regardless of this initial delay, both actions were finalized in the 

correct timetable. The rest of the actions were performed as initially planned. In spite of this 

fact, the project Work Plan has run successfully and no extensions were needed. 

Regarding the process, all partners agreed on tasks division, each one focusing on those with 

more experience and potential. Thus, Aitex, BEA and ALGAplus focused on preparatory and 

implementation actions and in the monitoring of the project impact. ASEBIO focused on 

dissemination activities which are in line with their usual actions. 

Communication with the Commission and Monitoring team. 

Simona Moldovan (AITEX) as PM participated as intermediary with the EC Project Officers: 

Rafael Nievergelt, François Delcueillerie and Davide Messina (Technical Desk Officers) and 

Marija Simic (Financial Desk Officer) and the external monitor, Filipa Ferrão. 

Regarding the Monitoring Team, the PM has maintained a close relationship with Filipa 

Ferrão by mail and phone. In addition to remote contacts, there were presential meetings in 

the facilities of ALGAplus on January, 28th 2015 and in ASEBIO´s facilities on February, 25th 

2016 and December, 14th 2016.  
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5. Technical part   

5.1. Technical progress, per task 

PREPARATORY ACTIONS :  

Action A.1: STUDY AND SELECTION OF ALGAE WITH DYE CAPACITY .  

(1th September 2014 to March 31st 2015) 

The aim of this phase was to identify and select potential micro, macroalgae and 

cyanobacteria species and/or strains that can be used to obtain dye/pigment for textile 

industry.  Since there has been no delay, the implementation period was completed 

successfully. This phase was subdivided in the next sub-actions: 

A.1.1. STRAINS/SPECIES PROSPECTION AND SELECTION   

The criteria to select microalgae and cyanobacteria were: (1) possibilities for being cultivated 

at pilot scale and consistent biomass production in a sustainable way; (2) pigments/dyes 

profile and accumulation characteristics (possible nutrient/light effects). On the other hand, 

the main criterion to select macroalgae was: the possibility to be cultivated under intensive 

and sustainable aquaculture conditions: 

Table 2. Li st of microalgae, cyanobacteria and macroalgae species/strains 

Conclusion: Diff erent Microalgae/ cyanobacteria (8 strain ) and macroalgae (6 species) 

were selected as pigment/dyes sources to provide the three basic colours employed in 

dyeing. The expect result has been successfully achieved (at least 3 microalgae and 3 

macroalgae), selecting more species than expected to ensure success. 

A.1.2. BIOMASS PRODUCTION 

The selected microalgae strains were scaled up (from the test tube to 5 L flasks) and biomass 

was produced with enriched medium, according previous results and recommendations by 

BEA. At this laboratory scale, the culture room was controlled in terms of light intensity 

(<100 ɛmol photons m-2 s-1), photoperiod (16:8 L:D), temperature (23 ± 2 ºC), aeration and 

CO2 pulse addition. 

 

Microalgae and cyanobacteria Macroalgae 

¶ Synechococcus sp. 

¶ Erythrotrichia cf. carnea 

¶ Arthrospira platensis 

¶ Leptolyngbya sp. 

¶ Nostoc cf. commune 

¶ Sarcynochrysis marina 

¶ Caespitella pascheri 

¶ Halochlorella rubescens 

¶ Grateloupia turuturu  

¶ Gracilaria sp. (gracilis or vermiculophylla 

pending DNA confimartion)  

¶ Ulva rigida 

¶ Porphyra dioica  

¶ Porphyra umbilicalis 

¶ Bifurcaria bifurcata. 
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Controller parameter Conditions 

Culture media (1)     BG11; (2) F/2 

Light intensity < 100 ɛmol photons m-2 s-1 

Photoperiod 16:8 L:D 

Temperature 23 ± 2 ºC 

Aeration Yes 

CO2 pulse adition 1 min per hour 

Table 3. Laboratory controlled conditions for biomass production of microalgae 

Data for growth characterization were obtained for the different strains in order to compare 

growth rates (day-1), duplication rates (days) production yield (g algae dry weight L-1 day-1) 

and main pigment/dye yield (g pigment L-1 day-1). Strains for scale up and further 

considerations were selected from the obtained results. Logistic model curves for growth 

characterization were carried out for each strain (depending on the morphological 

characteristics) through: Optical density, Cell counts, Chlorophyll a, and Dry weight (DW) or 

ash free dry weight (AFDW) 

Specific growth rates were calculated from the exponential growth phase; and filtration or 

centrifugation, depending of strain morphology, was used for biomass concentration and the 

obtained paste was frozen at -20 ºC until 

pigment extraction. For further analysis, 

biomass samples were also freeze-dried. 

Figure 6. An example of logistic growth curve obtained for cultures 

of BEA 0007 Arthrospira platensis under laboratory-controlled 

conditions. From these data, growth parameters were calculated. 

 
 

 

 

Figure 7. General aspect of the culture chamber for strains 

growth under laboratory conditions at BEA-ULPGC. 

ALGAplus was able to produce biomass for all the species listed in the Table 2 of Deliverable 

A.1.1. Microalgae and macroalgae selection for dye extraction (sent with the Midterm 

Report) except for Chondracanthus teedei and Dilsea carnosa (cultivation was unsuccessful 

and they are very rare in the wild).   

From the species tested in lab culture or small tanks, the most promising results were obtained 

with Porphyra dioica (produced in 127L outdoor tanks), Scinaia furcelatta, Codium 

tomentosum and Calliblepharis jubata (tested in 500L tanks). For all the other tested species, 

either the growth rates were too low or contamination occurred making it impossible to 

consider these species to be grown in large scale for obtaining pigments for textiles. 

Nonetheless, as mentioned, samples were available for pigment extraction and some of the 
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species tested in culture can be wild harvested in the Atlantic shores due to their high 

abundance: Bifurcaria bifurcata and Stypocaulon scoparia.  

In terms of the species grown normally at ALGAplus (Ulva rigida, Gracilaria sp.), biomass is 

readily available and milled samples were sent for testing to AITEX. 

Conclusion: Different microalgae (Action A1.1) strains (including cyanobacteria) and 

macroalgae species were obtained, mainly under different cultivation conditions and 

scales, and confirmed as pigment/dyes producers for the textile industry. 

Action A.1.2 was accomplished with several species of micro and macroalgae being 

produced in a scale suited for pigments extraction. 

It has been achieved the biomass production at lab scale of 100% of the tested algae as 

expected. 

A1.3. PIGMENT  CHARACTERIZATION  

Standard methods for pigment extraction and quantification from the obtained biomass were 

used for microalgae/cyanobacteria pigments/dyes characterization. Extractions were carried 

out on fresh material under liquid nitrogen using aqueous buffers (phosphate; distilled water) 

for phycobiliproteins (phycoerythrin and phycocianin; red and blue dyes) and organic 

solvents (acetone, methanol) for xantophylls and carotenens (orange and yellow dyes).  

The quantification was carried out with spectrophotometric analysis through equations 

already described. Purity criteria of the pigments/dyes obtained were used for a complete 

characterization of the extracts. 

Pigments extraction and characterization 

Development and characterization of the pigments identified in sub-action A.1.3 were mainly 

focused on the extraction of phycobiliproteins (phycoerythrin (red) and phycocyanin (blue)) 

and total carotenoids (carotenes (orange) and xantophylls (yellow)) pigments/dyes obtained 

from the assayed microalgae and cyanobacteria strains, according to strains growth rhythm 

and biomass availability. 

Concentrated (by filtration or centrifugation methods) fresh algal material was used for 

extraction procedures, although freeze-dried material was also used for methodological 

comparisons. Pigments were extracted after biomass had been broken by freeze (-20 ºC) and 

defreeze, and/or sonication, depending on the morphological characteristics of the strains 

assayed (unicellular or filament forming; no cell wall vs strong cell wall). Extracts were 

obtained in distilled water. In the case of cyanobacteria, after centrifugation for extracts 

clarification, phycobiliproteins were determined by spectrophotometric methods. 

For carotenoids, procedures were developed using organic solvents and concentration by 

drying (and solvent recovery). Chlorophylls and total carotenoids were extracted using 

methanol as solvent. After clarification, pigment were quantified (µg ml-1) using 

corresponding equations. 
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A C B 

Figure 8. Schematic procedure for phycobiliproteins 

(PE and PC) extraction and characterization. For 

carotenoids, procedures follow the same scheme using 

organic solvents and concentration by drying(and 

solvent recovery). 

Figure 9. (A) BEA 0057 Synechococcus sp. cultures for phycoerythrin 

extraction; (B) Phycobiliproteins extracts for quantification: PE (red) 

and PC (blue); (C) bulk extract of PC (blue) from BEA 0007 

Arthrospira platensis 

 ñWasteò biomass remaining after the extraction/centrifugation process was collected and 

frozen (-20 ºC) for further metabolites extraction and reuse, according to Action C.1; Sub-

Action C.1.3 ï ñStudy of reuse of biomass generated during the extraction of novel dyesò. 

This biomass remaining after extraction from micro- and macroalgae was be evaluated and 

characterized for other substances of interest (other pigments, polysaccharides, lipids, 

antioxidants or feed complement), according to the ñbiorefineryò concept. 

Selected microalgae strains for new developments 

According to the obtained results which were presented in detail in Deliverable A.1.3. 

Microalgae and macroalgae pigment characterization (attached to the Midterm Report), new 

developments were carried out with these selected microalgae strains: 

¶ For red pigment/dye phycoerythrin:  REC 0057 Synechococcus sp; BEA 0620 

Erythrotrichia cf. carnea. (an original-new bio-prospected strain obtained at the BEA 

collection, and its taxonomical assignmentrecently obtained by molecular 

characterization) 

¶ For blue pigment/dye phycocyanin: BEA 0007 Arthrospira platensis; BEA 0946 

Leptolyngbia sp. 

¶ For orange/yellow pigments/dyes carotenoids: BEA 0069 Halochlorella rubescens; 

BEA 0313 Sarcynochrysis marina 

Three other strains (BEA0024 - Nostoc cf. commune, BEA0937- Euglena cantabrica and 

BEA0858 ï Anabaena sp.) were also evaluated in posterior developments by considering 

possibilities for pigment yield improvements. 

  
Figure 10. Microscopic images for selected microalgae and cyanobacteria strains for red (phycoerythrin; REC0057; BEA0620), blue 

(phycocyanin; BEA0007; BEA0946) and orange/yellow (carotenoids; BEA0069; BEA0313) dye extraction. 

Figure 11. Aqueous extracts from: 

Gracilaria (land -based tank, pond) and 

Ulva (land-based tank) 

On the ALGAplus hand, aaqueous extracts from Gracilaria (2 

conditions) and Ulva currently in production at ALGAplus 

were produced in early December 2014 (image below) 

following the protocol suggested by BEA. All of the extracts 

were characterized in collaboration with BEA. The residues 

from extraction were kept frozen at -20ºC for future analysis 

and possible valorization. 
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In addition to the foregoing, aqueous extracts of the brown algae Fucus vesiculosus, 

Bifurcaria bifurcata, Stypocaulon scoparia and the red algae Osmundea pinnatifida, 

Grateloupia turuturu, P.Dioica were produced in February 2015 according to the protocol 

used by BEA. These were characterized and residues were kept frozen. The results obtained 

showed that Gracilaria vermiculophylla, Grateloupia turuturu and Porphyra spp. are the best 

species for red pigment (phycoerythrin). For the chlorophylls (green pigments) Ulva rigida 

and Codium tomentosum were chosen, and for the carotenoids (orange/yellow pigment) the 

brown alga Fucus vesiculosus was chosen. 

Conclusion: Pigments/dyes belonging to three main groups: chlorophylls, carotenoids 

and phycobiliproteins were extracted and characterized from the selected algae 

species/strains as green, yellow, orange, blue and red colours sources. 

 

A1.3. validated the hypothesis of extracting green (chlorophylls), red (phycoerythrin) 

and yellow (carotenoids) pigments from micro and macroalgae. And it has been 

achieved to identify the pigment extract of at least 75% of the algae tested as expected.  

 

On the other hand, one tricomy of macroalgae and one of microalgae/cyanobacteria 

have the right properties to be used in the textile industry. 

 

 

A.1.4. METHODOLOGY  EMPLOYED  TO DYE WITH  THE  SELECTED DYES 

AITEX developed a Bibliographic study on the technologies and methodologies used in the 

textile sector for dyeing processes. The result of this work is summarized in the Deliverable 

A.1.4. Ancient dyeing process and auxiliaries employed (attached to the Inception Report). 

In this study were identified different auxiliary products necessary in the dyeing process with 

natural dyes. The main auxiliary products are mordants. Mordants are salts (cooper, 

aluminium, iron) or tannins used in dyeing to fix the dye to the surface of the fabric. 

 

On the other hand this study has allowed defining different steps to apply these mordants in 

the dyeing process in Action B.3: Before, during and after dyeing. 

Conclusion: This action generated a knowledge base on ancient dyeing process with 

natural dyes, which helped as starting point in the development of action B3. Dyeing 

process. 

I t has been defined the method to dye wool and cotton as expected and, it has been 

included the printing method for the benefits that it br ings. 

Action conclusion: 

As general conclusion for action A.1., the microalgae, cyanobacteria and macroalgae strains 

suitable for further optimized cultivation and extraction processes were selected, based on 

different criteria related to growth possibilities, pigment content and characteristics and 

potential for textile dyeing processes. These extracts were validated in further dyeing 

processes. 
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At the end of this action 8 microalgae (including cyanobacteria) strains and 6 macroalgae 

species were selected. The selected algae, which were cultivated at laboratory scale, were then 

scaled-up to pilot scale, in both responsible partner´s facilities, BEA and ALGAplus. The 

final strain selection was also based on preliminary pigment characterization including 

chlorophylls, phycobiliproteins and carotenoids as target pigment groups. The starting point 

in the development of a suitable dyeing process involving natural colorants was studied in this 

action. 

Deliverables 

A more detailed description of this Action can be found in: 

¶ D.A.1.1. Microalgae and macroalgae selection for dye extraction (updated) delivered 

within the Midterm Report. 

¶ D.A.1.2. Microalgae and macroalgae biomass production at lab scale (updated) 

delivered within the Midterm Report. 

¶ D.A.1.3. Microalgae and macroalgae pigment characterization (updated) delivered 

within the Midterm Report. 

¶ D.A.1.4. Ancient dyeing process and auxiliaries employed delivered within the 

Inception Report. 
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I MPLEMEN TATION ACTIONS 

Action B.1. STUDY OF GROWING CONDITIONS OF ALGAE T O INCREASE DYES 

SUBSTANCE 

(January 2015 to March 2016) 

The aim of this action was the biomass production at pilot scale and in an IMTA (Integrated 

Multi -Trophic Aquaculture) cultivation unit, in optimized conditions to obtain high yields of 

biomass productivity and high content of the metabolite of interest. 

Microalgae/cyanobacteria and macroalgae selected as interesting candidates for 

pigments/dyes preparation per lab scale growth performance, pigment profiles and interest for 

the dye/textile industry (Action A1), were cultivated intensively at pilot plant scale to 

evaluate: 

Å Sustainable growth, biomass and pigments/dyes yield to allow industrial developments. 

Å The effect of growth conditions on biomass yields and pigments/dyes composition. 

Å The possibility to stimulate pigment/dyes accumulation and yields by controlling culture 

parameters as medium composition (type and availability of nutrients), light conditions 

(quality (e.g. UV) and quantity), stocking density or growth stage for pigment 

accumulation (exponential vs. stationary). 

Å Comparative possibilities for microalgae and macroalgae as a sustainable source of 

pigments/dyes for the textile industry: compositions, yields and production costs. 

 

This action was divided in two different tasks: microalgae/cyanobacteria and 

macroalgae production. The objectives were achieved successfully; BEA-ULPGC (B.1.1) 

and ALGAPlus (B.1.2) developed and optimized methods to grow micro and macroalgae 

with high pigment contents. 

B.1.1. MICROALGAE/CYANOBACTERIA  BIOMASS PRODUCTION AT  A PILOT  

SCALE 

From the microalgae/cyanobacteria list described in Action A1, some of the strains presenting 

interesting performances at laboratory scale were monitored for pilot scale possibilities. 

Microalgae adaptation to natural conditions was carried under greenhouse natural conditions 

(light, photoperiod, temperature). Under these conditions pumps supply aeration and air-

mixed pulses supply CO2 regularly. Strains were grown at a pilot scale in raceways tanks (8 

m2) and photobioreactors (from 5 to 80 L) to increase biomass production for different dyes 

production. Fresh biomass and target pigments/dyes were obtained in a regular basis 

according to the methodology discussed and regularly sent to AITEX for testing (considered 

as indicator of progress). 

One of the main goals of algal biomass production is to find new algal strains/species capable 

of growing in intensive, open or closed production systems, yielding high biomass 

productivity and high content of the metabolite of interest. In general, lab pilot observations 

cannot be extrapolated to outdoor conditions because the physiological behaviour is strain-

dependent, and when algae are subjected to natural external conditions such as natural light 

(including UV-radiation) and/or temperature, their physiology and growth performance may 
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change at different degrees, influencing in example the accumulation of carotenoids playing a 

role as photo-protectors in many species of macro- and microalgae, particularly during the 

stationary phase (growth stage). Other physicochemical parameters that can be easily 

manipulated might have a strong influence on biomass growth and metabolites content. The 

role of growth medium composition has been well recognized as significant by influencing 

growth rate, product yield and biochemical composition of many macro- and microalgae. 

Among numerous macro- and microelements, some are limiting factors for algal growth, 

whereas others are involved in many reactions for the biosynthesis of many compounds 

including photosynthetic pigments. A clear example of this fact is the importance of nitrogen 

on the biosynthesis and accumulation of phycobiliproteins in red macroalgae and 

cyanobacteria. 

Figure 12. Simplified scheme of the pigment 

biosynthesis pathways of cyanobacteria an 

microalgae (according to the review by Mulders 

et al., 2014, Journal of Phycology 50:229) and 

relationships with nutrient availability (N -

ammonia for phycobiliproteins) and stressful 

conditions (for carotenoids) as controlling 

factors. 

 

As an example of this approach, previous developments for biomass production of the 

cyanobacteria Spirulina máxima (blue-green algae), with the objective to evaluate 

phycobiliproteins (c-phycocyanin) purification for biomedical applications were performed at 

BEA. Spirulina biomass was produced in raceways at pilot scale. By controlling growth 

conditions related to phycobiliproteins accumulation (effect of high nitrogen concentration on 

medium composition) at the different phases (exponential vs. stationary), cells were harvested 

by filtration and centrifugation previously to pigment extraction. Biomass yields at such scale 

varied between 100 and 500g FW l-1 per cycle. Raw pigment contents (non-purified) were 

higher than 9,5 mg g-1 FW for c-phycocyanin, representing percentages higher than 40% of 

the total biomass protein content.  

From the list of microalgae/cyanobacteria strains of Action A.1., different approaches were 

considered to perform the scale up under natural conditions. BEA0007 Arthrospira platensis 

was continuously produced in 8 m2 raceways. Biomass harvest was performed regularly by 

filtering. Biomass obtained was frozen, extracted or freeze dried for further analysis. 

Experiments, in 3 raceways available, on growth performance under different nitrogen, as 

nitrate, concentration conditions were carried out to demonstrate phycobiliproteins 

(phycocyanin) accumulation, both under laboratory /outdoor greenhouse conditions.  

Other microalgae and cyanobacteria strains were grown in a low-cost experimental system 

that holds polycarbonate- recycled 5-8 L water bottles in a vertical light-oriented panel before 

being scaled up to 80 L tubular columns. Control of variables (nutrients composition of the 

medium, effect of natural radiation including UV and growth phase) was considered to study 

pigments content and accumulation characteristics of the biomass produced. Results obtained 

were compared to those obtained for Spirulina maxima. 
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Figure 13. Pilot scale cultures under natural conditions have 

been established. (A) Raceways (3x8 m2) have been used for 

BEA0007 Arthrospira platensis biomass production and pigment 

accumulation demonstration; (B) Low-cost experimental system 

that holds polycarbonate- recycled 5-8 L water bottles in a 

vertical light -oriented panel (cultures in triplicate are BEA0946 

Leptolyngbia sp. (blue-green) and REC0057 Synechococcus sp. 

(red). A  B 

Conclusion: Pigment content could be easily modified and increased for most of the 

species (8 species) included in this project by means of simple modifications and control 

of culture conditions. 

The results obtained confirm that : 

- biosynthesis of the different groups of microalgae/cyanobacteria pigments can be 

stimulated by controlling algae growth conditions under cultivation. 

- increase a 25 % the biosynthesis of the microalgae/cyanobacteria pigments modifying 

different parameters during their growing (Temperature, pH, UV light, nutrientsé). 

- obtain biomass in a sustainable way at a pilot scale. 

All the information is reflected in Technical Annex 1 D.B.1.1. Microalgae/ Cyanobacteria 

production at pilot scale and is delivered within this final report. 

B.1.2. MACROALGAE  PRODUCTION  IN  AN IMTA  CULTIVATION  UNIT  

Activities carried out in Sub-actions A.1.1 and A.1.2 provided the results to this deliverable. 

Macroalgae species selection was based on several criteria: 1) the obligation of having a 

representative of each phylum (Rhodophyta, Chlorophyta and Ochrophyta), 2) their current 

existence in the Atlantic coast (native or exotic), 3) the known ability of the species to grow 

by vegetative propagation and/or with known life cycle = easiness to upscale. This selection 

produced a list of species described in the table below. The list was divided into 1) species 

which cultivation potential needed to be tested first in the laboratory and/or the small tanks, 2) 

species already in large-scale culture in the land-based tanks and 3) native and exotic species 

that exist in abundance in the Portuguese or the Atlantic coasts. Some of these we decided to 

also tested them in culture due to their marked seasonality (e.g. Bifurcaria bifurcata). The 

selected macroalgae species were produced in IMTA conditions at the R&D area of 

ALGAplus, using tanks of 127L, 230L and 500L. Assays controlling nutrients input and light 

conditions by manipulating stocking densities and water renewal were performed with the 

purpose of increasing pigment/dye substances while maintaining high biomass yields of the 

selected macroalgae species (see table below). General conditions of the cultivation stress 

trials: 

¶ Time:  3 weeks 

¶ Production factors: Stocking density and Water flow: Nitrates (average 10.4umol/l) 

Amonia (average 14.5umol/l) 

Selected species: Gracilaria sp.; Ulva rigida; Bifurcaria bifurcata; Grateloupia 

turuturu; Porphyra dioica (conchocelis). 
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Figure 14.Porphyra dioica. From the left: Conchocelis (vegetative, nursery conditions); Young blades ready to go out; 

Blades in 127L outdoor tanks 

 

 

Figure 15.Ulva rigida (20,000L tanks) and Gracilaria sp. 

(7,000L tanks) in land-based cultivation at ALGAplus. 
Figure 16. Final result after the assay with Grateloupia 

turuturu with a clear difference in pigment content 

due to cultivation conditions. 

Table 4. Results on the growth performance (mean values) of the different seaweed assayed 

Conclusion: Production of macroalgae biomass (6 species) with improved pigment yield. 

The results obtained confirm that: 

- biosynthesis of the different groups of macroalgae pigments can be stimulated by 

controlling algae growth conditions under cultivation. 

- increase a 25 % the biosynthesis of the microalgae/cyanobacteria pigments modifying 

different parameters during their growing (Temperature, pH, UV light, nutrientsé). 

- obtain biomass in a sustainable way at a pilot scale. 

All the information is reflected in Technical Annex 2. D.B.1.2. Report on macroalgae 

production in an IMTA system and is delivered within this Final Report. 

Action conclusion: 

As general conclusions for Action B.1., pigment contents for both micro- and macroalgae 

could be easily modified and consistently increased by means of modifications and control of 

culture conditions. As some of the general results show: 

¶ N availability and concentration in the culture medium and the growth phase at which 

biomass is harvested (i.e., time allowed to grow) are feasible factors in order to 

satisfactorily increase pigment content for the strains studied 

Species Target pigment/dye Growth 

rate(week-1) 

Biomass Yield(g 

DW m-2 week-1) 

Gracilaria sp. PE (red) 1,4 2 

Ulva rigida Carotenoids/chlorophyll (orange/green) 4 18 

Porphyra dioica PE (red) 9,6 15 

Bifurcaria bifurcata Carotenoids (orange) 0,4 7 g DW L-1 week-1 

Grateloupia turuturu PE (red) 3 2,3 
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¶ Phycobiliproteins concentration in crude extracts can be significantly increased by adding 

2-fold nitrate concentration to culture medium and harvesting biomass at the exponential 

growth phase 

¶ Carotenoids concentration in crude extracts can be significantly increased by allowing 

batch cultures to grow until the stationary phase of growth, meaning that cells are under 

N starvation and hence they are growing under stressful conditions. 

¶ For ALGAplus this was due to the objective of extracting the pigments immediately after 

the algae biomass production; this prevented pigment degradation but caused some delays 

in the cultivation trials. 

This action was extended for 3 months and finished at the end of March 2016. 

Deliverables 

¶ D.B.1.1. Microalgae/ Cyanobacteria production at pilot scale. (Technical Annex 1) 

¶ D.B.1.2. Report on macroalgae production in an IMTA system (Technical Annex 2) 
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Action B2: EXTRACTION OF DYES FROM ALGAE  

(January 2015 to December 2016) 

The objective of this action was the implementation of conventional extraction techniques and 

check their feasibility with algae. The implementation involved parameter optimization to 

obtain the best possible yields in each one of the selected techniques. 

According to methodology and results obtained in Action A.1, once BEA-ULPGC and 

ALGAPlus produced biomass from microalgae, cyanobacteria and macroalgae in a 

sustainable way (Action B.1), some methods had to be improved to optimize dye extraction 

(yields and final dye quality). This action was discussed by partners and a short technical 

meeting was celebrated at BEA-ULPGC in May 25-27, 2015, to establish standard protocols 

and methodologies to get results and conclusions feasible for algal dyeing techniques 

developed by AITEX. At the end of the action lab scale extractions and extractions of the 

outdoor trials were finalized. Different methods of extractions including different solvents 

(water, ethanol and sodium phosphate buffer) were used per type of algae/pigment of interest. 

This action was scheduled to start in the second quarter of 2015, but finally it started before 

because several micro and macroalgae were produced in B1, and it was necessary to extract 

the dyes to check their properties and propose their use in dyeing processes. 

In these sub actions (B.2.1, B.2.2.), more tests than initially planned were performed because 

more micro/macroalgae were studied due to their dyeing potential, therefore in this action 

there are more personal cost that initially planned but this modification did not affect the 

objectives of the project, and these efforts produced more reproducibility and transferability 

in the dyes/pigments obtained. 

During 2015 this action was implemented in parallel with action B3, because the dyes 

extracted were tested in B3 in different textile processes and also, it is necessary to mention 

that this increase in the number of dyes samples in B2 did not generate a greater effort in B3. 

It is important to mention that, even though the action B1 finished, it was necessary that BEA 

and ALGAPlus continued producing algae biomass, which was mandatory for the extraction 

process, which represents the objective of action B2. 

B.2.1.DYES EXTRACTION  

To carry out improvements on the pigments/dyes extraction protocols from microalgae and 

cyanobacteria, some parameters had to be optimized to increase pigment yields and extracts 

quality. Although it has been considered that obtained dyes should not be refined and purified, 

it was considered as necessary to increase its purity in terms of colour, because in higher 

concentrations, less dye is used, reducing cost of transport and storage. So, for the production 

of red, blue and orange/yellow dyes from microalgae/cyanobacteria strains that fill standards 

established by AITEX, at BEA-ULPGC some improvements were developed by controlling: 

Growth phase of the biomass produced (exponential vs. stationary); Disruption methods; 

Number of extraction cycles; Solvents; Extraction periods and Clarification of the extracts 

(filtration or centrifugation). 

This was particularly important for carotenoids extraction, specifically for each strain 

depending on the main target pigment (carotene or xantophylls), fresh or dried biomass, the 
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best solvent or solvent mix, disruption method, optimal extraction time in order to obtain the 

highest yield and purity of extracts. Techniques for separation and characterization of 

carotenoids extracts, such as standard Thin Layer Chromatography (TLC), were considered to 

qualitatively identify the different extracts. 

 

Figure 17. Xantophylls extracts (yellow) obtained from 

BEA0313 Sarcynochrysis marina after extraction in hexane: 

acetone. 

 

For macroalgae, the pigment extraction was done by ALGAplus in close collaboration 

(interaction of personnel) with the Chemistry Department of the University of Aveiro due to 

their better-equipped facilities and knowledge on alternative extraction methods (namely, 

using ionic liquids as solvents or sequenced extraction processes). As previously described, 

the extractions were mostly done with fresh and frozen seaweed kept at -20ºC (exception with 

dried seaweed powder described below), that were grinded and mixed with specific solvents. 

Below, the general description of the methods considered for pigment extraction, quite 

common to what was done at the other partners: 

 

 

Figure 18. Final result of phycobiliproteins extraction from G.gracilis (right) and the conchocelis phase of Porphyra dioica (left). 

 

 

The major improvement in terms of the 

extraction step (non-toxic solvents and 

faster) was achieved for obtaining green 

and yellow pigments from macroalgae, in 

a single step process (figure below). 

 

 

 

 

 

 

 

 

Figure 19. Final result of the extraction of B. bifurcata: 

separation between carotenoids (yellow) and chlorophylls 

(green).  

 

Problems encountered: On the ALGAplus side, the major problems involved the application 

of the different protocols of extraction as well as synchronizing biomass production and 

extraction to keep with the expected timings. On the AITEX side, the lyophilized pigments 
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received from ALGAplus and BEA, did not respond in the most efficient way when extracted 

with the same methods that were applied to the fresh biomass.  

Conclusion: This action major outcomes were:  

1) dye extraction protocols for each micro/macroalgae/cyanobacteria and target 

pigments as expected. 

2) obtaining red, yellow and blue dyes as expected. 

B.2.2. DYES CHARACTERIZATION   

This activity was focused on the characterization of pigments obtained from the selected 

microalgae/cyanobacteria and macroalgae species, represented by phycobiliproteins, 

carotenoids and chlorophylls. The objective was to compare procedures for stable dyes 

production in order to control processes variables. Dyes characteristics were obtained through 

composition, chromatography, colorimetry and stability assays. 

Different final products from macroalgae, 

microalgae and cyanobacteria were 

produced and delivered, as it can be 

observed the lyophilized different shades 

of red, blue and yellow/orange pigments, 

in the lower figure.  

              
Figure 20. Freeze-dried pigments/dyes from macroalgae, 

microalgae and cyanobacteria ready to be deliver to AITEX.  

The characterization of the extracts obtained from optimized cultivation protocols were 

analysed separately using absorption spectrophotometry, a simple and fast method largely 

used for quantitative analysis of different kinds of compounds. The tables below summarize 

the concentrations obtained for the different macroalgae species under specific cultivation 

conditions (details in Technical Annex 4. D.B.2.2. Report of results of dye characterization) 

Algae species Pigment  Production Condition s Concentration  (mg 

pigment/gram of algae)  

Gracilaria 

gracilis  

RED 

Phycobiliproteins 

(mainly 

phycoerythrin)  

Low density/High nutrient input  0,333±0,029 

Low density/Low nutrient input  0,118±0,026 

High density/High nutrient input  0,468±0,132  

Low density/Low nutrient input  0,210±0,071 

Grateloupia 

turuturu  

Low nutrient input  0,022±0,002 

 High nutrient input  0,120±0,026  

Porphyra dioica 

(conchocelis)  

Low nutrient input  0.011±0.000 

High nutrient input  0.034±0.005 

Porphyra dioica 

(blades)  

Stable nutrient input (commercial 

conditions at ALGAplus) 

0.367±0.000  

Bifurcaria 

bifurcata  

YELLOW 

Carotenoids 

Low nutrient input  0,002±0,000 

High nutrient input  0,111±0,045  

Ulva rigida  GREEN 

Chlorophylls 

Low nutrient input  0,304±0,034 

High nutrient inpu t  0,383±0,036  

Table 5.List  of concentrations obtained for the different macroalgae species 

Target pigment and main concentration characteristics for microalgae/cyanobacteria strains 

(C: Cyanobacteria; E: Eukariotic microalgae). 
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BEA Code Algae strain Main pigment Concentration 
(mg pigment / g algae 

dry weight) 

BEA0007 Arthrospira platensis (C) Phycocyanin (blue)  124,8±36,8 

REC0057 Synechococcus sp. (C) Phycoerythrin (red) 70,5±26,5 

BEA0024 Nostoc cf. commune (C) Phycocyanin (blue) 41,1±10,7 

BEA0024 Nostoc cf. commune (C) Phycoerythrin (red) 31,0±6,0 

BEA0946 Leptolyngbia sp. (C) Phycocyanin (blue)  33,7±12,5 

BEA0620 Erythrotrichia cf. carnea (E) Phycoerythrin (red) 3,6±2,7 

BEA0149 Caespitella pascheri (E) Carotenoids (orange/yellow) 0,75±0,03 

BEA0313 Sarcynochrisis marina (E) Carotenoids (orange/yellow)  0,35±0,02 

BEA0937 Euglena cantábrica (E) Carotenoids (orange/yellow)  0,27±0,03 

BEA0069 Halochlorella rubescens (E) Carotenoids (orange/yellow)  0,15±0,03 

Table 6. List  of target pigments and main concentration characteristics 

ALGAplus and BEA samples were sent to AITEX, and an UV Spectrophotometric analysis 

was needed to acquire the qualitative and quantitative assurance of the extraction.  

As it was introduced in the subaction A.1.3, after centrifugation, a good separation between 

the biomass and the supernatant was done, for extracts clarification, phycobiliproteins are 

determined by spectrophotometric methods according the equations for cyanobacteria by 

Bryant (1982). In case of not getting good separation with the centrifuge, a vacuum filter 

system was used, to obtain a ´clean´ supernatant, with no solid suspensions. The different 

extracts obtained were characterized by spectrophotometric methods both for concentration 

and spectra determinations. Examples of main phycobiliproteins and carotenoids spectra are 

showed in the next figure. 

 
Figure 21. Absorption spectra for phycobiliproteins (Arthrospira and Nostoc) and carotenoids (Halochlorella and Euglena) 

In general, carotenoids characterization is difficult and inaccurate because of the interferences 

with other compounds that can absorb in the same wavelength such as chlorophylls or other 

carotenoids. Even the determination of the total content of carotenoids is complicated since 

the extraction procedure with methanol only quantifies the polar compounds soluble in it, 

whereas the nonpolar compounds are not quantified. HPLC determination and 

characterization of carotenoids was carried out in collaboration with scientist at the Chemistry 

Department at ULPGC. However it was extremely complicated due to the complex amount of 

compounds identified in the samples. Purification processes helped to identify the different 

carotenoids and the subproducts that can be formed for their possible degradation and 

transformation with other molecules present in the sample. Furthermore, in AITEX different 

quantification procedures were employed in order to achieve a complete characterization of 

the obtained dyes extracts, as: 

¶ Liquid chromatography-mass spectrometry (LC-MS), in order to achieve a selective 

analysis and characterization of carotenoids and chlorophylls. 
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The following figure shows the procedure phases employed for the precise concentration 

determination and extract characterization. Firstly the calibration curve must be realized and 

then synchronized with the model chromatogram for the pigment at the maximum absorption 

wavelength, which were finally compared with the resulting chromatogram from LC-MS. 

 
Figure 5. Standard calibration curve (left) and chromatogram (right) for CHLOROPHYLL B  

The results obtained are quantified in the following table:  

Algae strain Pigment Concentration (ɛg/mg) 

Cystoseira tamarascifolia 

Chlorophyll B 0.010-0.051 

Chlorophyll A 0.030-0.032 

Beta ïcarotene 0.062-0.113 

Alpha-carotene nc* 
Table 7. Pigment concentration in the algae strain Cystoseira tamarascifolia. 

¶ Thermogravimetric analysis (TGA) for the determination of the thermal behaviour and 

degradation limits, in term of temperature, for the obtained dyes/pigments. 

In order to be able to optimize a general dyeing 

process, temperature limits for the newly 

obtained pigments in SEACOLORS were vital, 

so a TGA analysis was realized. A specific 

chart resulted from this analysis and revealed 

the maximum allowed temperature to be 

applied to the algal pigments. 

 

The results obtained from the TGA analysis 

reveal a temperature range between 97,7-100ºC 

as highly denaturising for the algal extracts. 
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Figure 6. Thermogravimetric graph of extract from 

Arthrospira platensis 

¶ Differential scanning calorimetry (DSC), through which it was determined the heat 

capacity of the mentioned extracts. 

The most accurate limit, where the 

weight loss of the pigment was also 

determined was realized with DSC 

analysis, and the obtained results were 

presented in the following form:                    
Figure 7. Calorimetric graph and image of extract from Arthrospira platensis 
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From this analysis resulted that the denaturation of the pigments starts at approximately 60ºC, 

temperature which could be applied to all the employed algal colorants. 

It has to be mentioned that during the whole project in parallel with the decided final 8 strains 

of microalgae and 5 strains of macroalgae, some other strains were tested, for the case of new 

potential sources of raw material for industries. 

Conclusion: At the end of this action three groups of pigment/dyes were characterized 

and three primary colours (blue, yellow and red) were validated as suitable for further 

dyeing and printing processes. 

From each type of microalgae have been impossible to obtain three colours (blue, yellow 

and red) as expected, but the different species studied allow obtaining the range of the 

three colours expected. 

These dyes obtained are enough quality to be employed on textile industry. 

 

Action conclusion 

As general conclusions for Action B.2., different methodologies were applied to obtain and 

evaluate 3 types of pigment extracts from the previously selected strains (8 microalgae and 

cyanobacteria, and 6 seaweed species) according to physico-chemical characteristics of the 

biomass and the dyes to be extracted. Extracts were used in further dyeing processes. 

The main difference in the extraction of pigments between micro- and macroalgae is that in 

the case of microalgae, the cells show relatively sensitive walls, which normally does not 

imply the utilization of very aggressive methods to break them and release the pigments of 

interest. However, in the case of macroalgae, the cellular wall is stronger, implying the 

utilization of very aggressive methods. 

For microalgae the raw biomass was freezed (-20ºC) and thawed (4ºC, in the dark) for 

phycobiliproteins and freeze-dried for carotenoids extracts. Mechanical cell disruption 

methods were applied in order to break cell walls, allowing extracting pigments into the 

specific solvent. Supernatant are recovered and concentrated, and finally stored within the 

fridge (4ºC and dark) until used for dyeing and printing tests. 

The diverse physico-chemical properties of the different types of pigments, together with the 

variances in morphology, structural complexity as well as pigment composition for the 

different microalgae and cyanobacteria strains assayed in this project, makes the search for a 

standard protocol a difficult task. Slight variations of the standard method were required for 

some of the strains assayed. 

For both micro- and macroalgae, phycobiliproteins are easily extracted using aqueous, 

cheaper solvents, while carotenoid extractions requires much more complex procedures, 

including organic solvents. 

This action confirmed the possibility of manipulating macroalgae cultivation conditions to 

induce a higher accumulation of target pigments. As expected, a higher nutrient input clearly 

has a positive effect in the accumulation of pigments, namely the red phycobiliproteins. This 

confirms the potential of algae grown in IMTA systems as raw material for pigments 

extraction. 

Deliverables 
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Å D.B.2.1. Report of the dye (Technical Annex 3)  

Å D.B.2.2. Report of results of dye characterization (Technical Annex 4) 

Action B3: VALIDATION AND DEMONSTRATION OF THE APPLICATION  OF 

ALGAE DYES IN TEXTILE DYEING PROCESS.  

(March 2015 to December 2016) 

The main aim of this action was the evaluation of the viability of the employment of the 

newly obtained algal colorants in new dyeing and printing processes, through fabric 

characterization in terms of reproducibility, difference of colour obtained depending on the 

employment of different batches and every parameter considered relevant. 

According to the dyes/pigments obtained during Action B.2, AITEX was studing their 

application in textile processes: dyeing and printing.  

This action started ahead of scheduled due to the need to validate the dyes/pigments obtained. 

The most important part was performed during 2016, due to the successful identification of 

the micro/macroalgae and cyanobacteria, study of the dye contents and identification of the 

methodology for extraction and defined the dyeing/printing processes. All the obtained 

pigments were tested in all processes, as seen in the following table. 

Microalgae/cyanobacteria pigments Color  Macroalgae pigments Color 

Synechococcus sp. Red Gracilaria sp. Red 

Erythrotrichia sp. Red Grateloupia turturu Red 

Arthrospira platensis Blue Porphyra dioica Red 

Leptolyngbya sp. Blue Osmundea sp. Red  

Nostoc sp. Red Ulva rigida Green 

Halochlorella rubescens Orange Bifurcaria bifurcata Yellow 

Sarcinochrysis marina Yellow 

Caespitella pascheri Yellow 
Table 8. Pigments used in the dyeing/printing process experiments 

After the process definition, the optimization and validation of the dyeing and printing was 

realized and completed successfully. The mentioned changes in the action´s timetable didn´t 

affect the final project´s objectives.  

 

B.3.1. DYEING  PROCESS 

The dyeing tests consisted of a laboratory simulation of the industrial-scale process so the 

method used, has been by exhaustion, because is the most common industrially used. In these 

processes, the textile remains in contact with the treatment bath previously prepared 

throughout the duration of the process and under conditions specified in the corresponding 

curve of treatment. Time runs and the reagent transfers from the bath to the fibre.  

In order to perform a good transfer of the dye to the fabric it was necessary, in some cases, a 

specific pretreatment of the fabric, the mordanting process, which can be done before, during 

and after the dyeing process to all types of fabrics. After testing several natural mordants in 

all the previously mentioned phases, it was concluded that the most suitable application was 

of the mordant CREAM OF TARTAR in a 6% with respect to the fabric weight.  
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Mordanting a fabric refers to its treatment with a chemical which will increase the fabric´s 

adsorption and absorption of the dye molecules. In the dyeing process of this project were 

tested 3 methods of mordanting, alone or combined between each other. 

Tested mordants Applied concentration Application process 

Alum 20% 

T=85ºC 

t=45min 

Ferrous sulphate 3% 

Cream of tartar  6% 

Tannic acid 2% 

Tartaric acid  6% 

Alum + cream of tartar 20%+6% 

Table 9.Fabric pretreatment 

In the specific case of wool, it is necessary to perform, before mordanting, the bleaching 

pretreatment of the fabric, in order to remove natural colouring matters and add-ons during 

the previous state of manufacturing. The process involved medium temperatures, 55ºC for 60 

minutes, and the addition of a small quantity of hydrogen peroxide. 

The dyeing process follows the dyeing curve specific for each fibre, with specific times, 

temperatures and bath ratios. In order to establish of good level of exhaustion of dye to the 

fibre it was necessary the addition of specific chemicals. The optimization process was 

realized by modifying, phase by phase, several parameters, from which the main ones were 

time and temperature, as it can be observed below: 

 
Figure 8. Optimization of the dyeing process 

As the process was optimized it generated a universal dyeing curve for both substrates 

employed in the finishing processes, which is hereby presented: 

 
Figure 9. General dyeing curve with natural algal pigments 

By applying this curve to all the extract obtained in the SEACOLORS project, on cotton and 

wool substrates, it was able to validate the application of the natural pigments originating 

from algae on two natural fabrics. The results are exemplified below. 
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Application of pigments obtained from 

microalgae/cyanobacteria 

Application of pigments obtained from 

macroalgae 

Apart of the dyeing process, due to the nature of the pigment, the printing technique was also 

applied. In this case a process optimization was as realized by applying all the obtained 

pigments via a conventional synthetic paste and also through a natural printing paste. 

Paste 

type 

Textile 

material 

Treatment CONVENTIONAL 

PASTE
NATURAL PASTE 

BINDER 

NATURAL RESIN

RETICULATION 

TEMP.= 20ºc

SYNTHETIC 

RESIN,

RETICULATION 

TEMP.= 110ºc

FIXER
SYNTHETIC 

RESIN

SYNTHETIC 

RESIN

SYNTHETIC THICKENER
NATURAL 

THICKENER

PIGMENT

WATER>QUANTITY <QUANTITY

 

Binder Fixer Thickener 

Synthetic 

paste 

Cotton 

Wool 

Resina 

Center 

STK-100  
Resina 

Center Mc-

LF 

Clear HC 

Natural 

paste 

Resina 

Center 

AC60 

CMC 

(CarboxyMethyl 

Cellulose)  

Table 10. Optimization of the printing process employing natural algal pigments 

The results of the printing process are presented below. 

  
Figure 27. Results of the printing process employing natural algal pigments 

  
Dyed fabrics Printed fabrics 
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Conclusion: Action B.3.1 resulted in optimum dyeing and printing processes by 

employing natural algal pigments. The processes are applicable to cotton and wool 

substrates and validated for colour uniformity, applicability and rep licability.  

Textiles dyeing or printing show a good uniformity and reproducibility  after to optimize 

the processes as expected. 

 

B.3.2. CHARACT ERIZATION  OF FABRICS 

This activity aimed to obtain the validation and demonstration of the application of pigment 

extracts from the 8 microalgae/cyanobacteria and the 6 macroalgae strains, as raw materials in 

new dyeing and printing processes, by analyzing the CIELab coordinates, the rubbing, 

washing and light fastness, solar protection factor and antimicrobial properties. All tests were 

performed on fabrics that were dyed or printed with extractions performed in the project. 

In the following figure the obtained results are presented summarized for one extract, 

Arthrospira platensis on cotton substrate. All tests realized follow the same results pattern: 

IELab coordinates  

L*  a* b* C* H* X Y Z x y 

 

88,47 -1,00 3,58 3,71 105,66 68,80 73,05 73,81 0,3190 0,3387 

Fastness to 

rubbing 
Fastness to laundering 

Dry 

staining 

Wet 

staining 

Chang

e in 

color 

Staining 

Wool Acrylic Polyester Polyamide Cotton Acetate  

5 5 3-4 5 5 5 4-5 4-5 5 

Determination of the ultraviolet factor 

UPF T (UVA) % T (UVB)% 

15 (good protection) 7,91 3,77 

Light fastness  

4 (fair) 

Antimicrobial properties  

Tested microorganism %Reduction (cfu/ml) 

Escherichia coli 46 

Candida albicans 0 
Table 11. Results of characterization test to the dyed/printed fabrics with algal pigments 

Conclusion: The tests realized on the dyed/printed fabrics revealed the same quality that 

the ones dyed with natural dyes employed nowadays in the industry. 

The results in term of fastness are worse than synthetics dyes, therefore the textile 

treated with algae dye arenôt similar or better  than synthetics dyes as expected, but the 

algae pigment show similar results of natural dyes from plants. So, they can apply in 

sustainable textile, because the in term of fastness is good. 

B.3.3. CHARACTERIZATION  OF TREATED  WATER.  

The certification of the quality of the waste water obtained after dyeing with the new natural 

dyes developed in the project was analyzed using the DOB, COD and pH tests. 
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The obtained values in the waste water analysis after dyeing with natural dyes was expected 

to be lower than that of synthetic dyes, before it was treated. But results were approximately 

similar, which lead to further investigation on the auxiliaries used in the dyeing process, 

which were influencing the final results. 

Information regarding the selected parameters for the characterization of wastewaters coming 

from dyeing process with synthetic dyes (direct, disperse, reactiveé..) was collected. 

The aim was to optimize the dyeing process with natural dyes then collect the wastewater, 

characterize and compare the results with the ones obtained in the previous process. Visual 

results are presented in the following charts: 

   

 

Figure 28. Wastewater analysis and comparison with synthetic dyes (left) and the influence of auxiliaries in the BOD values (right) 

Conclusion: Wastewater analysis showed the same BOD and COD values as synthetic 

dyes and when applying a wastewater treatment the values decrease proportionally. The 

following tests showed that the natural algal wastewater values of BOD were influenced 

by the auxiliaries used in the process. 

The waste water effluents corresponding to synthetic dyes presents biodegradability 

potential of 7% with respect to effluent corresponding to natural algal dyes which 

reaches value of 70 %, leading to a significant potential to remove these dyes in 

treatment wastewater plants. So, the environmental impact of natural algal dyes on 

water contamination is significantly lower as expected. 

B.3.4. INDUSTRIAL -SCALE DYE TESTS. 

This action was seeking the extrapolation of the research conducted in previous activities 

once satisfactory results were achieved, and validation of the dyeing process at industrial 

scale using the new dyes. As the dyeing/printing process reached its optimization with a small 

delay, it also generated a little delay in the starting of this task, but this did not affect the 

proposed time table of the process. 

During the last quarter of 2015 AITEX launched a survey between 150 textile finishing 

existing associate contacts, from the Valencian Community, to discover who shows interest in 

the industrial scale up of the processes developed at laboratory scale. Several companies, 

approximately 45, responded positively, as being interested in the project´s results. From the 

15 companies willing to apply the pigments in their industrial processes, it was selected the 

most suitable company for the project´s purpose, and small quantities of pigments were 

delivered, thus achieving experiments at semi-industrial scale. 

Due to the limited quantity of pigment, a company with a semi-industrial scale dyeing 

equipment was selected for the upscaling of the process. The advantage of the equipment was 

represented by the fabrics loading capacity, comprised between 25 and 1250 kg, so it was able 

to be tested the lower limit of the capacity. 






































