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Presentation
This project was carried out by children aged between 11 and 16 years who participated in
the FIRST Lego League, FLL (http://firstlegoleague.es). In addition to the requirement to
develop a robot to independently perform a group of tests on a work table, the children had
to carry out a scientific investigation on a general theme, which changes every year.
This year, the theme for scientific projects was hydrodynamics and it is within this scope that
the herein presented project lies.

Introduction
The research carried out included contacting a group of companies and individuals who
each offered valuable information in their field, either from the training point of view in
general or specifically in relation to this particular project. Without this group of people, who
offered their collaboration in a totally unselfish way, this project report would not have been
possible, so we would like to express our gratitude to all of them.
Name

Position - Organization

Field

José Luis Pelayo

Cooperation Technician –
District Council of Seville

Water problems and
solutions in Malawi and Haiti

Jonathan Larriba

Commercial Director Megamar

Fish and cephalopod
processing

Benito Valdivia

Technical Director Megamar

Fish and cephalopod
processing

Sara Tripodi

Department of Security,
Quality and the Environment
– Carboneras Desalination
Plant

Desalination

Various investigators

Doñana National Park

Ponds

Various investigators

Department of Molecular
Biology and Biochemical
Engineering, Area of
Genetics and Toxicology –
University of Pablo Olavide

Yeast as toxicity indicators

Various investigators

Joint Research Centre,
European Commission

Civilian Innovation
Laboratory. Design Thinking
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workshop.
José Jiménez

Farmer

Problems in irrigation ponds

Carlos de la Iglesia

Civil Engineer

Refrigeration towers

Lourdes Ferrand

Water routes - Emasesa

The use of water in Seville
in the Islamic Period

Rafael Martínez

Electronic Technician A.P.E.R.T.V.A.

Amplification for
piezoelectric sensors

Alberto Barrera

Innoagral

Analysis of soil, water and
food

Miryam J. Amaya

Environmental education Emasesa

Operation of wastewater
treatment plants

Alberto Ortiz

Composting Plant Emasesa

Composting of wastewater
treatment residues

Francisco Manuel Díez

Town Planning Councilor La Rinconada council

Industrial spills

Jesús Valdivia

Quality Control Technician

Food processing

Guillermo Rodríguez

Investigator – Institute of Fat
(Spanish National Research
Council)

Olive processing and
experimental validation P

Ángel Luis Jiménez Molina

Biologist - FCC Aqualia

Enzymatic activity in
cephalopods

José Luís Herrera

Jungheinrich

Lifting equipment

With them we have reviewed different candidate projects:
-Recovery of degraded environments: especially contaminated ponds
-Reduction of contamination by filtering: filtration of underground waters of the Yucatan by
strata of calcareous rock
-Control of sand in irrigation ponds to avoid problems with filtration systems
-Reduction of algae rafts with species commonly used in aquariums
-Use of desalination plant discharges to generate electricity with “blue energy” techniques
-Reduction of jamming in groups of pumping irrigation ponds due to the accumulation of
sand
-Use of HVLP paint guns to improve the efficiency of dishwashers
-Control of evaporation in irrigation ponds using solar panels
-Mobile phone application for the instantaneous measurement of water consumption in the
home by means of the vibrations produced by stopcocks.
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After studying all of these projects and their possible solutions, the present project proposal
was chosen because of its proximity, high probability of application, and the innovative
characteristics of the idea related to the reduction of water use in brine processing by the
food industry.

Current Situation
From the numerous visits to processing plants related to the theme of hydrodynamics, a
particularly high consumption of water was observed in a fish and cephalopod treatment
firm. So we decided to investigate the possibility of offering a solution with a reduced
consumption to the firm that could also be extrapolated to other areas of the food and
agricultural sector.
It’s important to bear in mind that the innovative potential of small firms is limited due to their
lack of resources for carrying out investigations. For this reason, they rely on the suppliers of
chemical products to instruct them on the use of the preservatives that they distribute.
Therefore, this project will not only have a practical application, but will also include an
educational and collaborative aspect.
As a first step, a comprehensive review of the scientific literature was carried out to search
for existing studies on the treatment of food products in the sector [4][8]. Studies related to
cephalopod processing described the importance of the type and quantity of endogenous
enzymes in the process of rupturing muscles fibers as well as the characteristics of the
diffusion of acids and salts in such products [1][2][3][6][7][9].
The processing of squid consists of various stages:
1. First, the skin and guts are removed, manually or automatically.
2. Then the squid are placed in a container of water with salt and additives for 12 hours.
3. After the first wash, the squid are passed to a second container of water with salt and
additives, albeit in a different proportion, for a further 12-hour wash.
4. Finally, the squid are introduced into a final wash (identical in composition to the
wash in the previous stage) to preserve the product until its final use. The product is
packaged for sale in this liquid, either as whole squid or cut into strips.
The use of additives maintains an optimum pH for preservation. The addition of stabilizers
and antioxidants to the fish muscle is favored by adjuvants such as hydrogen peroxide,
which extend the product’s lifetime and improve its preservation and texture.
The entire process is carried out at a temperature of 2 to 5º C, which, together with the salt
and additives, preserves the product and prevents bacterial contamination while allowing the
endogenous enzymes to act in a controlled environment.
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The enzymatic processes that take place are similar to those that occur during the ageing of
meat. However, as fish have higher concentrations of proteolytic enzymes, the process is
shorter: a number of hours in fish versus 10 to 20 days in meat.
The following image is a schematic showing the treatment process for a typical production of
500 kg of squid per day as a basis for comparison. It should be noted that this basic unit of
production, although low, can be extrapolated to any industrial volume.

The water from the first two washes is disposed of in the plant when the washes are
terminated, whereas the third and final wash water is disposed of by the client in their
installations after product use. Specifically, after the first wash, due to the length of the
process, the interaction of the product with the wash water, and the liberation of any remains
after evisceration, the water is visibly very dirty.
The first observation is that the total volume of water used is 3000 Liters (per 500 kg of
product) with a salt concentration of 24 g/l. This is an important problem of the effluents
because if the wastewater is not subject to a special decontamination process, its disposal
can provoke serious environmental problems [5]. The use of high salt concentrations has the
objective of inhibiting the proliferation of bacteria, but its release into the natural water
system could provoke alterations in the food chain.
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In the case of urban plants, the local council indicated that processing plants have the right
to dispose of wastewater in the general water system. It is worth noting that the majority of
water treatment plants do not have the capacity to treat the salinity of wastewater, as
indicated to us by the Wastewater Treatment Plant El Copero; therefore, the high quantities
of salt would remain in the disposed wastewater.
In terms of the production obtained, per kg of processed squid the current scheme
consumes:
● 6 Liters of water
● 144 g of salt
● 20 mL of additive 1
● 20 g of additive 2

Our Proposal
The current scheme for squid preparation is batch processing, where the treatment and
preservation process is applied to each batch of product separately.
We propose a novel solution incorporating a semi-continuous process, where the washes
have a countercurrent cascade configuration such that they are reused in other stages of the
processing of each product batch, with adjustments of additives.
We were unable to find any reference to the existence of a similar technique and the experts
consulted were not aware of a similar application in the food industry, thus confirming the
novelty of the proposed process.
Our proposal consists of
1. Using washes of 250 Liters rather than 500 Liters
2. Dividing the first 12-hour wash into 3 washes of 4 hours with increasing
concentrations of additives
3. Dividing the second 12-hour wash into two washes of 4 hours
4. Processing two batches of product consecutively
5. Once each batch of product has been processed it will pass to a final
packaging wash prepared exclusively for this purpose
6. After the processing of two batches, the water from the first wash will be
disposed off and the remaining washes will be displaced to the next step
along the cascade, introducing a clean wash at the end of the chain.
The following image summarizes the entire process.
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The objective is to reutilize the water of each wash twice in every stage but for 5 distinct
processing steps, such that when the wastewater is disposed of, it will have been used to
wash 10 batches of product in distinct processing stages. In addition, it should be highlighted
that each wash will contain half the quantity of water used in the current process.
Following this novel processing scheme, the amount of wastewater produced after treating
500 kg of product will be a total of 750 Liters, corresponding to the initial wash and the two
product packaging washes.
Although the salt concentration of the packaging washes will remain the same, as the only
change will be a reduction in the quantity of water used, the salt concentration of the first
wash will be reduced from the current level of 24 g/L to 9.6 g/L in the modified process.
The distinct wash concentrations are obtained during the product treatment process by the
elimination of the salt and additives caused by their absorption or through their interaction
with compounds that are generated during the process. In the case of the fourth wash, which
does not contain one of the two additives, its separation into three separate washes would
require the manual addition of the additive.
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One of the effects of using washes in cascade will be the accumulation of organic elements
liberated in the wash process, such that the chemical oxygen demand (COD) in the first
wash will triple, reaching 9100 mg O2/L. In combination with the lower concentration of salt,
this would mean that the wastewater could be injected into an anaerobic digester for the
decomposition of organic residues, producing methane that can be utilized for the generation
of electricity in the plant.
Finally, in relation to production, for each kg of processed product the novel scheme would
consume:
● 1.5 Liters of water
● 41.6 g of salt
● 5.5 mL of additive 1
● 5 g of additive 2
The following figure presents a comparison of the consumption for the current and proposed
process.

Validation
We carried out a pilot validation experiment on a 1:1000 scale to replicate and compare the
current two-bath technique and the proposed scheme of dividing the washes. After the
determined processing times, samples were taken from each wash for analysis.
Samples were taken from the three washes of the current process (A1-A3), and from the
divisions of the first two washes into three washes, i.e. A1 was divided into B1-B2-B3 and A2
was divided into B4-B5-B6.
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A1
A2
A3
B1
B2
B3
B4
B5
B6

pH

Vol
(L)

9.43
7.7
7.3
9.1
9.7
8.4
7.4
7.1
7.3

500
500
500
250
250
250
250
250
250

% Absorption
Sal Ad 1 Ad 2
41
37
27
12
9
25
10
14,3
46.7 20
16
46.7 33.3 -

COD
(mg/L)
4500
850
210
9100
5200
1500
540
420
190

The values obtained in the experiment show that the pH values and the absorption of
additives are similar for both processing techniques. As such, we can deduce that the novel
processing technique had an equivalent effect on the product.

Practical Application
The only limitation of this proposal is the possible requirement for additional space for
processing, but as this scheme uses less water, smaller wash containers could be used. As
such, it is difficult to estimate the general differences. Furthermore, the modified process
could be applied manually without the need for significant changes to the currently used
processing setup.
Another consideration is that the product is moved from one wash container to the next in
the most rapid and simple way possible. One option would be to use a steel basket with
handles to hold the product at a compatible distance to the pallets, which would permit the
extraction and immersion of the entire batch. A forklift or even a stacking system with the
capacity to elevate loads greater than 250 kg (plus the weight of the basket) could be
employed for this purpose, as confirmed to us by several European manufacturers with
whom we consulted.
The unit price of the steel baskets is below 150 € [10].
An important characteristic of this new approach is the possibility for the automation of the
wash process.
In the case of small firms, an integral control system could be developed that would permit
the water to be changed from one container to the next via an automated pumping system
(with corresponding filters) An approach could be considered that includes a supervisory
control and data acquisition (SCADA) system or, for a simpler approach, control by Arduino
boards, as used in last year’s project.
Tecno San José 2018
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An advantage of such an automated process is a reduction in the processing time, to a total
of 20 hours. This shortened processing time is important as the product has a shelf life of
only 10 days from the start of its treatment. Therefore, a reduction of the processing time
would implicate:
● An efficiency advantage in a complex market
● The possibility to process product “on demand” and not based on order estimation,
which would reduce the disposal of surplus product caused by order estimation
errors.
In the case of high volume industries, a process chain of continuous treatment could be
implemented, such that the water of each container flows into the next container along the
chain. For example, the water from the first wash container would flow into the second wash
container, while the residue from the first wash would enter an anaerobic reactor, and the
first wash container would be refilled.
The following image shows a schematic of how the continuous system would work.

A second option would be a linear installation:
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Although setting up such a system is not simple, it would be feasible.

Future work and conclusions
The validation experiment was limited to the analysis of the pH and absorption levels. The
study would need to be extended to include experiments on a larger scale as well as an
organoleptic assessment of the final product to confirm that the proposed processing
scheme offers a completely viable solution.
There exists the possibility that the wash water may have a limited time of use and so some
corrections to the proposed approach may be required, depending on the scale of
processing carried out by the firm. However, the possibility of using the wash water more
than twice per stage also remains to be verified, which would result in a further reduction in
the consumption of water and additives.
Evidently, other solutions exist for the elimination of residues or recycling of industrial water
for use by the installation itself. Such approaches could result in a zero waste system,

Tecno San José 2018

11

Reutilization of water in industry - FLL 2018 Scientific Project

eliminating foreign material from the effluents and returning clean water for its reuse in the
industrial process. However, these systems come at a very high investment cost.
The application of our proposed system would permit not only a considerable reduction in
the volume of water consumed but also a decreased content of waste organic material in the
wastewater, its conductivity, and thus would provide a significant saving in the cost of
wastewater purification. Moreover, the process of anaerobic digestion, which would provide
the energy required by the system, is also in itself a purification process.
The advantages of the modified process are summarized in the following schematic.

Specifically, these advantages are:
● Use of 4 times less water
● Use of 3.5 times less salt
● Use of 3.6 times less additive 1
● Use of 4 times less additive 2
● Suitable for energy generation
● Applicability at no additional cost to the firm
● Possibility of continuous implementation.

Generalization and Assessment of the Proposal
Although the proposed treatment process has been analyzed for the presented case of squid
processing, it would potentially be applicable in the industrial processes that transform many
fishery and fruit and vegetable products, in which brine treatment is a factor.
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If we expand the ambit to which the counterflow cascade wash system could be applied, the
list of industries could include, as a minimum:
● Sea products
● Preserved vegetables
● Frozen vegetables
● Meat industry
According to official data, these industries consume 12% of total water consumption by the
food industry [17], reaching in Europe 4150 Hm3 per year [18][19], 60% of which is destined
to washes and treatments. Therefore, the application of the proposed process would
produce a saving of 60% (not 75% as for the case studied) or 1500 Hm3 per year.
For the proposed continuous processing system, the cost of investment would be redeemed
in one year due to the reduced consumption of water and additives and decreased disposal
of residues.
An estimation of the investment costs to implement the proposed process would be:
Type of firm

Water consumed per year

Cost of investment

Small firm

100m3

< 5,000€

Medium firm

500–2000m3

<25,000€

Medium firm

3000–10000m3

<50,000€

The amortization period of this investment – considering the cost of water (2€/m3), salt and
additives, and the cost of water treatment – would be:

Type of firm

Saving (per year)

Amortization period

Small firm

500€

10 years

Medium firm

Up to 10000€

2.5 years

Large firm

Up to 50.000 €

1 year

Moreover, this novel continuous cascade wash system could be applicable to all industrial
processes that involve the rinsing of pieces, use of water to wash pieces, the application of
compounds by immersion, and the cleaning products prior to their processing or after their
fabrication. Example industries would include:
● Food industry
● Aeronautical and automobile industries
Tecno San José 2018
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●

Textile industry

Project Dissemination
We have communicated this project proposal to different private and public entities seeking
their views and assessments, including the Delegation of Human Resources, Youth and
Citizen Participation, and the Delegation of Town Planning and Environment at the City
Council of La Rinconada.
We have mentioned the project to the local media, such as the newspaper Toma Nota and
the radio station Radio Rinconada.
As the team is not associated with a school, the impact of this micro FLL project is mainly
friends and family, although we have presented the idea to our respective colleagues.
In addition, other teams participating in the FLL have offered us their comments, including
Landederros Gamberros (Álava), Invictus Lego (Valencia) and Luís Amigó Curiosity
(Navarra); and finally,
ASEPROMAR, a laboratory that produces chemical products for treatment plants,
Megamar, a cephalopod processing firm,
Subproductos Vegetales del Mediterráneo, a technological firm that produces
natural extracts,
Tuscamare, a processing and distribution firm of fishery products,
The International Association of Mediterranean Agro-industries Wastes, with
headquarters in Perugia, Italy.
had review our proposal and sent the following letters of interest including, some of them,
the offer to collaborate in the design of the industrial implementation.
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