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1. Introduction   

Water scarcity has become nowadays a very important concern due to the increasing demand of water and 

the limited access to the water resources of the Earth. Thus, the reduction of water consumption and its 

appropriate management are currently greater society challenges.   

In the last decades, the problem of water scarcity has led governments to create new environmental policies 

focused on minimizing the water consumption [1]. In this way, recycling and reusing water contribute to 

the reduction of water consumption.  

Textile industry is a water intensive sector [2] that generates wastewater characterized by a strong coloration 

due to the presence of residual dyes. Effluents also contain high concentration of salts. A typical textile 

exhausted dyebath is shown in Figure 1.  

  

  
Figure 1. Example of textile exhausted dyebath  

  

In general, the textile wastewater is treated by means of a combination of biological processes with 

coagulation-flocculation treatment. Although this combination is able to meet with the current legislation, 

it does not enable water to be reused [3]. In addition, it generates a sludge that must be subsequently treated 

[4].   

ECUVal is a new eco-friendly technology that contributes both to improve the wastewater treatment and to 

enable the reuse of the treated effluents, which results in significant savings in water and salts.  ECUVal 

system degrades organic pollutants, such as dyes, from saline wastewater by means of an electrochemical 

process assisted by ultraviolet radiation.   

Unlike other techniques, the ECUVal system does not need the addition of chemical reagents and does not 

produce waste, since the pollutants are removed only with the application of electricity and using the salts 

already present in the effluents to generate the oxidant species.  

The treatment starts with the electro-chemical generation of oxidants in situ from the salts contained in the 

effluent. These oxidants are very active and break down the organic pollutant molecules into smaller ones. 

The level of the molecule fragmentation depends on the extent of the treatment. A subsequent irradiation 

with a UV light source increases the efficiency of the treatment and also removes all residual oxidants.  

In the textile industry, ECUVal is especially suitable for the treatment of effluents with high colouration 

and high conductivity values, such as the effluents generated by the dyeing process with reactive dyes and 



subsequent washing steps. The ECUVal system operates in two modalities: A) discoloration or B) 

discoloration + reuse. Consequently, the treated effluents can be discharged to a conventional biological 

plant or reused in new productive processes after a reconstitution step (Figure 2).   

  

  
Figure 2. Modalities of ECUVal system  

  

The first ECUVal prototype has been successfully implemented in a textile mill to treat wastewater from 

the dyeing process with reactive dyes.   

  

2. Experimental   

ECUVal system (Figure 3) is able to treat 4m3/h of industrial wastewater with strong colouration and high 

salt content. The system is fully automated.  

  

  
Figure 3. ECUVal system  

  

As indicated, ECUVal can be used in the textile mills in two modes:  

  

Decolouration function (Option A)  

The effluents from the dyeing process and washing steps are segregated to be decolourised by means of the 

ECUVal system. Then, the uncoloured effluents are discharged to the wastewater treatment plant in order 

to achieve the full elimination of the residual organic matter.  

  



Reuse function (Option B)  

ECUVal is fitted with a system to treat clarified effluents for reuse. With this purpose, a number of sensors 

and pumps are started up to obtain water suitable for reusing in the dyeing process. The UV irradiation is 

also initiated to enhance the process efficiency.  

The reconstitution is carried out in the following steps:  

• Removal of carbonate and bicarbonate by adding acid and subsequent stripping.  

• Neutralization of the effluent by adding alkali.  

• Removal of residual oxidants by UV irradiation and addition of a reducing agent.  

  

3. Results and Discussion   

3.1. Decolourization tests  

Wide ranges of effluents with reactive dyes were collected from different dyeing processes and were treated 

in the ECUVal system at different intensities (Figure 4). The intensity was fixed depending on the 

conductivity and the colour of the effluents.  

The system provided colour removal values between 64 and 98%.   

  

  
Figure 4. Examples of results obtained with the ECUVal system  

  

The uncoloured effluents still contain high levels of salts and, at this point they can be sent to a conventional 

biological treatment plant or reused in new dyeing processes.  

  

3.2. Reuse study  

Once the effluents have been decolourized, the reconstitution step of the ECUVal system is started up. A 

final ultraviolet irradiation contributes to further reduce any residual colour and to eliminate residual 

oxidants in order to ensure high quality dyeing results in case of reuse.   

A thorough study of effluents reuse was carried out with 70 and 100% of uncoloured effluent in 

monochromies and trichromies. The quality of dyed fabrics was quantified with an spectrophotometer by 

measuring colour differences values (DECMC(2:1)) with respect to references dyed with decalcified water 

(Figure 5).  

  

  
Figure 5. Comparison of dyeings.   

Reference: decalcified tap water, Reused: ECUVal uncoloured effluent (70%)  

  



In general, a dyeing is considered into the acceptance range when the DECMC(2:1) value with respect to a 

reference sample is lower than 1. The acceptance criterion was met in all cases, in monochromic dyeing as 

well as trichromic ones.   

According to the results obtained, it was demonstrated that the system enables to reuse between 70 and 

100% of the dyeing water and up to 100% of the salts, which causes a reduction in the cost of the process 

and discharge rates.   

  

3.3. Benefits of ECUVal system  

The use of the ECUVal system to treat the effluents generated by the dyeing process with reactive dyes 

shows clear advantages from both environmental and economic point of view.  

ECUVal system does not require the addition of chemicals and does not generate wastes, which are 

important environmental advantages respect to the current methods for the decolouration of wastewater.  

Also, up to 100% of residual salt is recovered and recycled in new dyeing processes. Thus, the reuse of salt 

is another important advantage of ECUVal since the current methods employed to remove salts from 

effluents (mainly reverse osmosis membranes) are expensive and also show operational difficulties.  In 

addition, the ECUVal system enables to recycle the total exhausted dyeing baths, which reduces the water 

consumption due to the cyclic process.  

On the other hand, the results obtained in the life cycle assessment showed that the application of the 

ECUVal system reduces the carbon footprint of the dyeing process in 21% and the wastewater treatment in 

54%.    

Finally, the operational costs of ECUVal are also advantageous with respect to other technologies due to:   

• ECUVal is able to treat the more coloured and with high salt content effluents.  

• No chemicals are required to carry out the electrochemical process.  

• The only cost of the ECUVal treatment is the electric power supply.   

• No wastes are generated.  

• As the high coloured effluents are segregated to the ECUVal system, the tertiary treatment for 

colour removal can be supressed in the wastewater treatment plant. This results in a significant 

reduction of reagents and sludge disposal costs.  

• Discharge taxes are lowered due to the reduction of wastewater salinity.  

• The system does not need maintenance. The electrodes are very stable and can be used over 5-10 

years.  

• Less cost in water. Savings of 70-100% dyeing water  

• Less cost in salt. Savings up to 100 % salt are achieved with the reuse.   

  

4. Conclusions   

Effluents collected from the dyeing process with reactive dyes were treated by means of the ECUVal 

system, an innovative treatment based on an electrochemical process assisted by UV irradiation.  ECUVal 

system provided between 64 and 98% of colour removal. After the treatments, the uncoloured effluents 

were reused in new dyeing process. The reuse study showed that between 70 and 100% of the treated 

effluents and up to 100% of salt can be reused  

ECUVal system is a promising technology to treat saline effluents containing organic pollutants. In 

addition, it offers the option of reusing the treated effluents in new productive processes. The first ECUVal 

prototype has demonstrated its viability for the treatment and reuse of the effluents generated in the dyeing 

process with reactive dyes.   

Beside the textile sector, ECUVal can also be used in those industrial sectors that generate effluents with 

poorly biodegradable compounds.     
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