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1. List of key-words and abbreviations 
 

BES Bioelectrochemical System 

BOD Biological Oxygen Demand 

BREF Best available techniques Reference documents 

CIP Cleaning in place 

COD Chemical Oxygen Demand 

ME-FBR Microbial Electrochemical Fluidized Bed Reactor 

FDM Food, Drink and Milk 

HRT Hydraulic Retention Time 

IPPC Integrated Pollution Prevention and Control directive 

OLR Organic Loading Rate 

PAO Polyphosphate-accumulating organisms 

SME Small and Medium-size Enterprise 

SS Suspended Solids 

TAC Total Alkalinity 

TN Total Nitrogen 

TP Total Phosphorus 

TSS Total Suspended Solids 

VFA Volatile Fatty Acids 

WWTP Wastewater Treatment Plant 
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2. Executive Summary 
 

The purpose of this project is to demonstrate the technical and economic feasibility of 

electrocoagulation and bioelectrogenesis microbial treatments in medium to small industry wastewater 
treatment plants (brewery or other food and drink sector) for zero effluent discharge. These treatments 

can solve the environmental problem from that kind of industries, one of the main wastewater 

generators right now. 
 

The project will be developed in one of the most important beer production plant of Europe (Alovera, 

property of MAHOU) at a demonstration scale treating real wastewater effluent in such a way that the 

feasibility of a solution reproducible to other areas will be shown, involving the main stakeholders 
(food and drink industries, local entities, and water public bodies) during the project implementation. 

 

The technology to implement consists in the combination of an electrocoagulation module and a 

Fluidized Bio-Electrochemical bed Reactor post-treatment. Additionally, a tertiary treatment was 

added by including an Ultrafiltration unit and an Ultraviolet unit.  The resulting water fulfills with the 
corresponding regulations. Additionally, the ANSWER solution could generate energy because of the 

sequestration of valuable gases from the ME-FBR.  

 

The project implementation started with the introduction of an intermediate stage, before demonstrator 

scale, to ensure parameters and designs before to build the definitive prototype. This introduction 
helped to reduce future risks during the implementation and demonstration of the technology.  

 

Due to this intermediate stage the whole project suffered a delay, so a request for amendment was 
required to extend the project 5 months. This extension was enough to reach the aim of the project in 

terms of water volume processed and to able the operation time of the demonstrator up to one whole 

year. 

 
The results explained in this report and the project deliverables attached to this report confirms the 

success of this technology, not just for food & beverage industry. The expected results included in the 

proposal were accomplished, except for COD and P reduction which have higher than expected. In 

order to achieve the goals, we decided to include a new stage of reverse osmosis (RO) as a part of the 
tertiary treatment. The results are listed on the next table. 

 
 Table 1: LIFE-ANSWER KPI table. Initial situation and results. 

KPI  Unit  Legal 

limits  

Expected 

results 

(proposal) 

End of the 

Project 

End of the 

Project with RO 

Prevented water loss  Water m3/year  87,000 87,200  

Volatile Fatty Acids g pollutant/L water  0.0007 0.0001±0.00002  

Biological oxygen demand mg pollutant/L water 25.0 5.0 3.87±0.63  

Chemical oxygen demand mg pollutant/L water 125.0 40.0 75.7±6.3 36.7±5.6 

Nitrogen mg pollutant/L water 10.0 5.0 4.37±0.60 2.26±0.50 

Phosphorous mg pollutant/L water 1.0 0.25 1.20±0.06 0,53±0.22 

Energy consumption ANSWER 

system 

kWh/m3  2.85 1.85  

 

Consequently, while the ANSWER project has not achieved the proposed objectives of COD and total 

phosphorus, the obtained results accomplished with the national and European directives. However, 

with the inclusion of RO these objectives were achieved, obtaining water with adequate 

microbiological quality to be used in multiple industrial processes. 
 

Due to these results, ANSWER technology is in the process to be included in the BREFs as BAT for 

water treatment in Food industry and Slaughterhouseôs wastewater treatment.  
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The consortium is focused now in replicate the technology in other MAHOU facility with bigger scale 

and transfer it to other water treatment industries by the hand of AQUALIA, as the big player it is at 

European level. 
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3. Introduction  

3.1. Description of background, problems and objectives 

3.1.1. Environmental problem/issue addressed 
Treated effluent discharges from brewer wastewater treatment plants in Europe contribute significantly 

to the presence of contaminants in European water bodies. The presence of contaminants in 
wastewater from the brewing industry comes mainly from equipment cleaning operations and 

treatment process, being the main pollutants identified sulphates (1,2-2 kg/h), which can form aerosols 

and increase the acidity of the atmosphere and form acid rain, with clear effect in the climate involving 
the scattering of light, effectively increasing the Earth's albedo. Other pollutants identified in 

wastewater are bicarbonates (0.2-0.4 kg / hl), which may be combined with calcium and magnesium 

precipitating and causing and alkalizing effect with the corresponding pH increasing; nitrates (30-100 
mg / l) which, in higher concentrations water, are the primary source of eutrophication and can lead to 

algae blooms and phosphorus (30-100 mg / l), which are also involved in the eutrophication processes. 

 

Because of the hazards posed by these contaminants and due to the growing environmental awareness, 
the brewing industry has significantly adopted environmental protection measures but there is a need 

for novel wastewater technologies more environmentally friendly for brewing process optimization. 
 

3.1.2. Outline the hypothesis to be demonstrated / verified by the project 
The principal existing best techniques currently used for reduction of pollutants in wastewater in the 
brewing industry are based on membrane process (dead-end, cross-flow and dynamic filtration) as a 

technological   alternative   to   the   conventional   solid-liquid   separations. These techniques work 

reducing around 75-85% the presence of Pollutants in effluents, enabling these effluents for discharge 
into river basin or use in irrigation water. The principal advantage of ANSWER solution is the 

complete removal of pollutant in effluent and the use of dry residue for both energy production from 

biomass transformation and fertilizer (PO4NH4Al2) as final product. The LIFE ANSWER Project had 

demonstrated the strength of a new process developed by UAH and AQUALIA  at laboratory scale in 
2014. This demonstration was validated by the construction and set-up of a pilot ME-FBR able to treat 

10m
3
/h of brewery wastewater. Besides, this technology we will seek the valorization of other streams 

generated during the process with the scope of increasing the profitability of the general process. The 
average power consumption of the treatment plant of a brewery is about 2.81 kWh / m

3
 of effluent, so 

the surplus electricity produced through bioelectrogenesis could supply about 30% of total electricity 

consumption of the beer factory, including 3% of the thermal needs. 
 

3.1.3. Description of the technical / methodological solution 

LIFE ANSWER process consists on: 

 

Electrocoagulation system (EC) to treat brewing wastewater and recover nutrients, especially 

phosphorus and nitrogen, from biomass waste. To perform a new concept in electrocoagulation, an 
electrode made of compacted residue aluminum (aluminum pellets) was used. 

The sludge generated accomplished with the national directive to be use as bio-fertilizer. ANSWER 

try to be faithful to the concept of wastewater as a resource, including solids and soluble pollutants. 
Microbial Electrochemical Fluidized Bed Reactor (ME-FBR) to treat wastewater from the brewing 

and reuse the electrochemical potential generated to produce hydrogen (H2) through electrochemically 

active bacteria able to transform pollutants in electrical current. Interestingly, this technique is more 
competitive than incineration since it produces energy potentially used in the electrocoagulation 

reactor. 



Advanced Nutrient Solutions With Electrochemical 

Recovery 

LIFE15-ENV/ES/000591 8 

 

 

 

Wastewater treatment based on biological processes require a suitable electron acceptor to consume 
the electrons generated in the oxidation of pollutants. In this context, research in microbial 

electrochemical technologies (MET) is one of the most innovative trends in the field of water 

treatment. One of the newest applications of these systems is to use an electrically conductive bed to 

stimulate the degradation of organic matter by microbial process electrogenic. Two of the entities 
participating in this proposal (UAH and AQUALIA ) were indeed pioneers in developing a novel kind 

of reactor so-called   fluidized-bed electrochemical bioreactor (ME-FBR) to convert microbial 

metabolism into electrical current.  

Recovery of hydrogen (H2) of the two previous stages for energy recovery. The electric current 
generated in the system allowed bio-electrochemical (cathode) production of hydrogen. The 

production of hydrogen by this method requires only 0.6 V compared to 1.8-2.0 V needed in hydrogen 

production via water electrolysis over alkaline conditions. Thus, this energy vector could be reused in 

the brewing plant making the water-energy nexus one of the features of ANSWER project. The 
hydrogen produced was subsequently collected and dehumidified, serving to increase the calorific 

value of the fuel stream. 

Finally, all previous concepts, electrocoagulation and ME-FBR, will be integrated in a demo unit, the 
first of its kind in a real treatment plant. Furthermore, the presence of MAHOU (Alovera Production 

Plant) allows testing technology and design strategies to implement it in other food industry related 

markets. 
 

3.1.4. Expected results and environmental benefits 

 

- Prevented water loss (water m
3
/year):87.000.00 

- Volatile Fatty Acids (mg pollutants/L water):0.0007 

- Biological Oxygen demand (mg pollutants/L water):5.0000 
- Chemical Oxygen demand (mg pollutants/L water):40.00 

- Nitrogen (mg pollutants/L water):5.00 
- Phosphorus (mg pollutants/L water):0.25 
- Consumption principal WWTP Alovera: Energy consumption will be reduced from 3.585.560 to 

2,360,600 within the project duration. 

- Intensity principal wastewater plant Alovera (kWh/m
3
 treated):1.85 

- The principal results would be complemented with an innovative solution for zero discharge 

effluent that will resolve the environmental problem the EU is facing in the wastewater treatment 
sector 

- A Report with the European food and drink industry wastewater treatment situation 
- A Report of the technology combination for emerging pollutants removal\Facilitate placing on the 

market technologies that can be replicated in other places and countries 
 

3.2. Expected longer term results (as anticipated at the start of the project) 

 

Addressing pressures from chemical pollutants in the water environment and aimed at reducing 
emissions of priority substances at source (especially sulphates, chlorides nitrates and Phosphorus), 

using combined treatment of Electrochemical treatment and bio-electrochemical (ME-FBR) to provide 

energy to the first treatment and sustain energetically system. Using this assembly system for 

wastewater treatment will be a solution of zero discharge, it can be considered as a BAT in the sector 
regarding the actual solutions. This new system will contribute to the sustainability of the process and 

itôs not only focused on the purification and reduction of pollutants (zero discharge) converting a 

residue in energy across the utilization of biomass produced (recovery for agricultural use). 

This problematic of Life priority topic affect not only at Brewery sector across Europe and it is 

presented as a problem associated at food industries that use phosphorus in different productive 

activities, such as production of soft drinks, production of pre-cooked foods, etc. At level of Local 

Water Bodies, the Hydrographic Confederation, the implementation of this technology ensure a viable 
means to fulfil concentrations maximum phosphorus (<1 ppm in discharges) in water bodies of special 



Advanced Nutrient Solutions With Electrochemical 

Recovery 

LIFE15-ENV/ES/000591 9 

 

 

 

protection for regeneration, according to the guidelines set out in its Management Plan Quality of 
Waters. By the implementation of this project will promote the use of electro-flocculation technologies 

for remove pollutants sectors related to the brewing production and sustain the incorporation of this 

treatment using electro-genesis reactors in order to produce energy. 

Transferring the solution proposed in the project LIFE-ANSWER to European sector of beer 
production in one hand and then to other food and drink industries with the same problematic will 

allow adaptation to European directives mandatory. 

EC technology with the implementation of bioelectrochemical reactor technology could be the solution 

for the environmental problem (chemical treatments that produce a big quantity of secondary 
pollutants) that the principally food and drink sector and other sectors produce, establishing itself as a 

new, green, environmentally friendly solution that turns water waste first into resource which as 

previously stated and reduce the pollutant discharge, are objectives that each country in the EU 27 is 
obligated to reach until the year 2020. 

ANSWER Partners will try to implement electrocoagulation and bio-electrochemical reactor for 

energy production along three main scenarios: 

· Implementation of full scale ANSWER solution in already existing plants with or without chemical 
flocculation (to reduce presence of nitrogen, phosphorus, sulphurs to produce (PO4)NH4Al 2 for 

fertilizer use in agriculture. 

· Implementation of full scale ANSWER solution in new plants (food and drink sector) to analyze 

benefits of zero discharge of pollutants (nitrogen, phosphorus and sulphurs principally) with the added 
value of produce (PO4)NH4Al2 for fertilizer use in agriculture. 

· Implementation of bioelectrochemical reactor in wastewater treatment (food and drink or other 
sector) plant with similar qualitative level of pollutants for energy production suitable to use in other 

part of the plant 

The activities in the project intended to reach our proposal as a BAT will ensure the transferability of 
the results after the project to the drink and food sector. 

The main result of the project will be the implementation of technologies for wastewater treatment of 

brewer industries and control of pollutants to be extrapolated to different qualitative and quantitative 

conditions of each in Europe. Regarding pollutants and concentration present in brewery wastewater 
described in Form B2, this methodology will help to choose the best combination of technologies for 

their removal (zero discharge) with a high yield for a specific situation. 
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4. Administra tive part 

The Coordinating Beneficiary (MAHOU) provided effective management of the project, being the 
contact with the Commission and the LIFE External Monitoring Team, establishing a convenient 
communication structure among partners, and regularly monitoring the project resources and its 

results. The project associated partners had been involved from the very beginning of the project and 

had supported the Coordinating beneficiary from all points of view (technical, financial and 
dissemination). 

 

 

Description of project management 

MAHOU as Coordinating beneficiary of LIFE ANSWER established since the beginning of the 
project a clear management structure as well as monitoring and communication procedures to facilitate 

the management of the whole project. These procedures were also confirmed during the kick - off 

meeting. A Project Management Guideline has been produced. This document sets up the working 
procedures and rules for the consortium partners, defines document templates, means of 

communication and control etc. 

 

Contractual, operational, financial and organizational responsibilities: the Management Board (MB) is 

chaired by Mr. Juan Francisco Ciriza Santero (MAHOU) and formed by the projectsô responsible of 
every associated beneficiary: Mr. Frank Rogalla (AQUALIA), Mr. Juan Tolón (TOLÓN) y Mr. 

Abraham Esteve (UAH). 
 

5. Technical part 

5.1. Technical progress, per Action 
 

 

5.1.1. Action A1 Evaluation of industrial wastewater in food and drink 

industries 

 
Main objectives: 

 

Action A1 aims at evaluating the effects of the industrial wastewater in Food, Drink and Milk (FDM) 

sector through the identification and quantification of contaminants in effluents. Therefore, the main 
objective of this action has been to go through the FDM sector in terms of water consumption and 

discharge providing a precise set of information that will allow evaluating to which degree the 

technology demonstrated in the project can be transferable. 

Figure  1: Management structure 
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A1 work progress: 
 

Different sources of information, such as the draft of Better Available Technologies (BAT) of the 

European Food & Drinks sector, have been used to gather the information. All the information has 
been compiled in a report. Hereafter the main conclusions are detailed. 

 

Available statistics on FDM BREF review 2015 show that the EU-15 FDM sector comprises close to 
26000 companies, most of which have over 20 employees. The FDM sector is exceptionally diverse 

compared to many other industrial sectors. This diversity can be seen in terms of the size and nature of 

companies, the wide range of raw materials, products and processes and the production of 

homogenized global products as well as traditional products on regional scales. Approximately 92% of 
the sector is made up of SME`s. This fragmentation and diversity make it difficult to ascertain exact 

figures for the sector. 
 

The whole FDM sector is strictly subject to legal aspects from different perspectives. Food safety and 
hygiene requirements may affect the requirement for water use to clean the equipment and the 

installation. Likewise, wastewater is contaminated by substances used for hygiene purposes, for 

cleaning and sterilization. Therefore, food safety legislation may have an influence on environmental 
considerations. 

 

Information of wastewater discharge of 140 factories of all sectors was analyzed, where the 

indirect unload is the discharge without treating and the direct unload the discharge once treated 

by a conventional method in a WWTP: 
 

- COD's average concentration in the discharge of untreated water is 2.000 mg/l and the BOD is 

1.000 mg/l. In the treated water COD's average concentration drops to 60 mg/l and the BOD to 10 
mg/l. Both values are far from the limits of legal requirements of 125 mg/l and 25 mg/l 

respectively. 

- Conventional treatment obtains performances of purification superior to 90 %, both in COD and in 
BOD, and the relation COD/BOD in the residual water without treating is nearly 2. Consequently, 

the residual water of the sector FDM is very biodegradable and therefore problems for degradation 

should not be expected in the bioelectrogenic treatment. 
- TSS's reduction approaches 90 % and points out solids are easily settled and therefore they 

contribute to the mechanical process of coagulation and sedimentation. 

- TNôs average concentration, 60 mg/l in residual untreated water is high. Although the 
concentration of the treated wastewater is 7 mg/l, this value is very close to the limit of discharge 

legal requirement, which is set out in 10 mg/l. This is even more acute in the case of TP since the 

average concentration on treated residual water is 1.4 mg/l that is over the value applicable limit of 

1 mg/l. Therefore, the only way of assuring a discharge within the legal limit is enhancing the 
biological treatment with physicochemical treatment of coagulation. 

 

The differences found between different sectors in terms of water consumption are basically due to 
cleaning process in raw material preparation as well as different Clean in Place (CIP) of the 

equipment. Differences are explained because FDM sector includes subsectors with very diverse 

products. 
 

Most part of wastewater comes from CIP processes, except fruit &vegetables and fish & shellfish 
industries where the raw material preparation generates more wastewater. All that wastes have an 

average Chemical Oxygen Demand (COD) concentration and a high ratio of biodegradation that it is 

very adequate for treatment through biological processes. Total Nitrogen (TN) and Total Phosphorous 
(TP) concentrations are high, as consequence it should be assured their reduction for 

electrocoagulation phase. 
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In summary, wastewater characteristic of FDM industries would adapt very well to the proposal 
treatment in this project. 

 

 

5.1.2. Action B1 Chemical and ecotoxicological characterization of the 

water to be treated 

 

 
Main objectives: 

It was necessary to make a precise characterization of Mahou Alovera's brewery wastewater, to 

provide the start information to be used both for the design of the pilot plant and its later operation, 

along with the evaluation of the initial situation to assess the environmental. 

B1 work progress: 
 

The raw wastewater characterization has been analyzed from September 2016 to November 2016. A 
24 hour integration sample was performed. The samples were analyzed following procedures from 

ñStandard Methodsò.  

From the analysis of the characterization results the following conclusions were obtained. Considering 
the raw wastewater characterization as well as the reduction of pollutants that is shown we can foresee 

there will not be any problem for treating the wastewater due to the fact that the electrocoagulation and 

bioelectrogenesis are processes that share similarities with chemical coagulation and the anaerobic 
reactor respectively. 

 
 

 Table 2: Raw wastewater characterization 

Parameter Units Values Legal limits 

pH  10.4 6-9 

Turbidity NTU 4.46 <1 

Conductivity uS/cm 2900  

Colour mg/l Pt/Co 79  

COD mg O2/l 3899 <125 

BOD5 mg O2/l 2140 <25 

TOC mg/l 1700  

TSS mg/l 690 <35 

DS mg/l 1860  

TN mg/l 29.4 <10 

TP mg/l 11.7 <1 

Chloride mg/l 974  

VFA meq/l 5.8  

TAC meq/l 23.7  

 
 Table 3: Main pollutants removal by using ANSWER solution. 

Parameter Efficiency removal(%) 

COD 99 

TSS 98 

TN 86 

TP 93 
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5.1.3. Action B2 Water treatment system specifications 

 
Main objectives: 

 

The main objective of this action was the dimensioning of the EC and ME-FBR units.  

 

The combination of both technologies must yield more than 90% to ensure the success of the 
demonstration phase B4. 

 

B2 work progress: 

 

A vision of LIFE ANSWER process is schemed in the following figure. The main equipment to be 

design and operated are  

i) The Electrocoagulation Cell (EC) 

ii)  the Microbial Electrochemical- Fluidized Bed Reactor (ME-FBR) 

 

 

 

 

 

 

. 
 

 

 

 

 

 

 

 
 

During the detail planning of the action, the Consortium discussed the scale up of laboratory tests to 

the pilot plant. As a conclusion of such discussion, an intermediate scale was deemed to be necessary 
both for electrocoagulation and bioelectrogenesis. 

The action was scheduled in two main blocks: the EC design and the ME-FBR.  

Task B2.1. Designing the electrocoagulation system 
 

Using the best experimental conditions and parameters obtained at the laboratory scale, the wastewater 

treatment process has been scaled up to pre-industrial size. This previous study allowed us to know 

and to extrapolate to industrial scale the values of removal efficiency and economic figures of merit 
such as energy consumption, the replacement cost of the electrodes and the ratio kg of sludge 

generated/volume of wastewater treated. 
 

We performed a comparison study between a conventional method of chemical coagulation based on 

aluminum polychloride, and an electrocoagulation (EC) system based on commercial aluminum 

electrodes. Several tests haven been carried out in order to observe the influence of experimental 
parameters, such as current density, conductivity and inter-electrode gap, on the removal of pollutants. 

 

The intermediate scaling was carried out in an electrocoagulation tank with a capacity of 100 liters of 

volume and an anode made of aluminum pellets, all contained in a titanium basket. 

 
The EC treatment efficiently removed 70 % of nitrogen, 25 % of COD and 100% of phosphorous at 

different current densities using a plain aluminum electrode, therefore higher values of removal than 

Figure  2: LIFE-ANSWER process 
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the conventional process of chemical coagulation are achieved. In terms of minimum energy 

consumption, the current density must be established between 1.6 -2.5 mA cm
-2
. Phosphorous removal 

in percentage is shown in next figure: 
 

 

The design principles for the plant are as follow: 
 

 

 Table 4: Design principles for EC at industrial scale 

Design principles  

Flow 10 m
3
/m

2
h 

% of P removal 60 % 

Retention time 20 minutes 

 

To accomplish a dimensioning, we consider the inter-electrode gap as well and the relation between 

electrode area and volume treated as design parameters. 
 

 

 Table 5: Parameters obtained at laboratory scale in order to scale up the EC 

Parameters at laboratory scale  

Plain Electrodes area 351 cm
2
 

Volume of treated wastewater 1.8 L 

 

Different distances inter-electrode were tested observing the influence of the electrode gap in the 

potential difference that increases as the gap increases. 

 

 
 

 

 Table 6: Parameters for EC 

Parameters of the EC  

Rate Electrode/Volume 19.5 m
-1
 

Inter-electrode Gap 1.5 cm 

 
 

 Table 7: Design variables of electrocoagulation unit at industrial scale 

Design variables Values 

Tank volume 3.33 m
3
 

Electrode area 65 m
2
 

Treatment capacity 0.154 m
3
/m

2
 h 

Current density 1.75 mA/ cm
2
 

Energy consumption 0.25 kwh/m
3
 

 

Figure  3: Total phosphorous removal (%) in electrocoagulation test 
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During the process, in which the retention time is 20 minutes, the volume of the recipient is required to 

be at least 3.3 m
3
. The treatment capacity according to a power consumption lower than 0.5 kWh m

-3
 is 

between 0.1 - 0.2 m
3
/m

2
h. At this treatment capacity, the energy consumed is 0.25 kWh/m

3
 and the 

current density is 1.75 mA/cm
2
. 

 

Task B2.2. Selection of aluminum residue for electrode fabrication. 
 

In order to evaluate the reuse of waste of aluminum to obtain a more environmentally friendly system, 

the action B2.2 aims to find a suitable material source to produce electrodes from compacted waste. 

Several types of aluminum waste have been tested: Aluminum shavings, wire, cans from beverages, 

waste from die punching processes, plates for printing press and briquettes. Collected by the 
authorized Waste Manager, the samples were taken into the laboratory to test for the most suitable 

source to be used as anode. 
 
 

 

Briquettes have been selected as an anode due to its degree of compaction and to the fact that these are 

of pure recycled aluminum, which avoids any interaction with other elements. Other sources have 

resins and coatings that could interact affecting the process and were consequently discarded. 
 

A manufacturing process based on pressure applied on aluminum shavings provides an excellent 

electrode for electrocoagulation. A proof of concept was carried out, using compacted aluminum 

waste. Results are shown in next table and to summarize it could be said that the removal rates are 

satisfactory. Future work will be a development of anodes made of aluminum waste to design an 
electrocoagulation unit. 

 

 Table 8: Nutrients removal in a proof of concept with compacted aluminium waste 

Parameter Raw waste water Electrocoagulated waste water 

Total-N 40 ppm 8 ppm 

Total-P 16 ppm 5.6 ppm 

COD 4570 ppm 4200 ppm 

 
 

Task B2.3. Analysis reassessment sludge residue: nutrients (N, P) recovery. 
 

Brewery sludge is originated during wastewater treatment process. This sludge tends to concentrate 
organic compounds and after the electrochemical process of electrocoagulation, it is enriched in 

nutrients as nitrogen and phosphorous, conferring it with a high value as fertilizer in agriculture. An 

analysis of the sludge residue has been carried out in order to characterize the increase of the 
sustainability of the process. The analysis is based on organic matter content, pH and heavy metals 

presence legislation compliance. 

 
During the analysis, two thermal treatments are applied in order to determine the composition. After 

Figure  4: Samples of Aluminium residue. Aluminium shavings on the right 
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the sludge drying in an oven at 105 ºC, the volume is reduced because the water is evaporated, and dry 

solids are stabilized as sludge with high content in organic matter. After the second process named 

ignition, the organic matter is eliminated and remain the ashes composed of metals, minerals and/or 
inorganic salts. 

 

In order to find out the best process of valorization, three different processes were studied: 
 

¶ Direct fertilization. 

¶ Sludge Co-digestion 

¶ Pyrolysis 

 

 

Direct fertilization 
 

As a general description, the sludge is composed by: 
 

 Table 9: Content of water and solids in sludge 

Parameter Value 

Content of water: 97% (w/w) 

Volatile Solids (organic matter): 2.5% organic (w/w) 

Inorganics 0.5 % (w/w) 

pH: 6- 6.5 

 

Therefore, the sludge contains more than 75% % of organic matter over the total weight of dry solids. 

In addition, the content of the macronutrients in the sludge, nitrogen and phosphorous, was determined 

due to its critical role for being used as fertilizer, since plants growth depends on both nutrients. 

 
 

 

 

 Table 10: Percentage of macronutrients in dry sludge 

Macronutrients  Units Results 

Total Nitrogen % (m/m) 5.39 

Total Phosphorous % (m/m) 3.02 

 
  

Apart from the content of water and percentage of solids, according to the legislation, heavy metals 

must also be analyzed, as well as other harmless non-heavy metals. These values determine the type of 
soil where the sludge will be employed as fertilizer. The measured values of the detected metals in the 

sludge are shown in the following Table. 
 

 Table 11: Concentration of metals present in sludge 

Parameter Units Results Legal Limits 

Cadmiun mg/kg < 1.0 20 

Copper mg/kg 21.5 1000 

Chrome mg/kg 19.4 1000 

Mercury mg/kg <1.3 16 

Lead mg/kg <5.0 750 

Zinc mg/kg 188 2500 

Iron mg/kg 752 No limits described 

 

The analytical results indicate a low concentration of heavy metals in the sludge from 

electrocoagulation treatment; some of them are 20 times below the limits established by the Royal 

Decree 1310/1990. 
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A comparison with others organic fertilizer was made. The following table shows a comparison of the 

average concentration of the main components: 

 
 Table 12: Average concentration of bio-fertilizers 

Macronutrients Units Dry 
Sludge 

Manure Worm 
humus 

Compost 

Total Nitrogen % (m/m) 5.39 1.5 1-3 1.04 

Total Phosphorous % (m/m) 3.02 0.7 1-3 0.8 

Potassium % (m/m) 0.18 1.7 1-2 1.5 

 

The potassium content of dry sludge is very low compared to the rest of the organic fertilisers, so it 

would be necessary to supplement it with inorganic potassium. However, its high phosphorus content, 

but especially in nitrogen, makes it very interesting for agricultural use, surpassing even the best 
natural organic fertiliser on the market such as worm humus. It can be a fertiliser to consider for 

organic farming. 

 
The sludge could increase its value by adding to it the adequate quantity of magnesium so that 

precipitated struvite can be produce from it. The valorization of this by-product could help as well on 

reducing the sludge treatment costs and can represent a good marketing strategy. The study of the 
possibility of precipitating struvite after electrocoagulation, as well as its valuation and the land tests, 

will be performed during the pilot demonstration stage as an addition item to activities foreseen in the 

proposal. 

 
Sludge Co-digestion 

 

In order to analyze the feasibility of the sludge produced in electrocoagulation and determine its 
maximum biomethanization potential, we decided to perform a laboratory pilot in which we also 

include other waste produced in the brewing industry in order to compare them and check what would 

be the best mix to co-digest. 
 

 
 Figure  5: Sludge co-digestion tests 

Tests were done by triplicate and the result of digestion was measured in N m3 of biogas produced per 

kg of waste. Different mixtures were made, and the next figure shows the result: 
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 Figure  6: Specific production of biogas and biomethane (per kg waste and per kg of volatile solids) for testing the maximum 

biomethanization potential of 3 anaerobic codigestion mixtures of the main residues studied 

 
As a result, it may be a possible recovery of the sludge but requires a more complex study 

 

Pyrolysis 

 
A sample of electrocoagulation sludge (25 g, dry mass) was provided to perform a first test of 

thermogravimetric pyrolysis under inert atmosphere (nitrogen). The results indicated that sludge is not 

able to produce carbon material after thermal treatment (i.e. biochar), as the mass loss of the sample 
was almost complete (>95 % volatile compounds) with negligible conversion into carbonaceous 

material. 

 
In conclusion, electrocoagulation sludge is not recommended for biochar valorization using thermal 

pyrolysis due to the low yield in the formation of char material. 

 

Conclusion 
 

At the moment, the best available technique with lowest cost is direct fertilization. In certain cases, if 

direct use is not possible, other treatments may be made possible, but they still need to be developed. 
 

Task B2.4. Definition of requirements for Microbia l Electrochemical-Fluidized Bed Reactor 

(ME-FBR) 

This task was focused in up-scaling the ME-FBR using lab-scale results and the, chemical and 
physical characterization of raw brewery wastewater. 

 

Different aspects of the reactor design have been studied: 

 
a) Microbial Electrochemical-Fluidized Bed Reactor (ME-FBR) design: 

 

 

The dimensions and operation parameters for the ME-FBR are essential to assure a stable operation, as 
well as achieving the removal efficiencies defined in the project. In fact, removal efficiency and biogas 

production are strictly related to these designed parameters, which have been rigorously studied and 

implemented in the ME-FBR. For this reason, the heat control implementation and the containerization 
plan enhanced performance to achieve the final goals proposed in this project. The ME-FBR prototype 

was fed with wastewater after electrocoagulation step or, alternatively, fed with wastewater from the 

full -scale anaerobic reactor operating in Mahou. Considering the current state-of-the-art in ME-FBR 

process, basic design parameters were tested to obtain a high effluent quality, revealing a limit ing 
treatment capacity of 10 m

3
 h

-1
.  

 

Furthermore, a scenario analysis has been carried out to evaluate the impact of critical operating 
parameters as HRT and OLR in the ME-FBR operation. The following three scenarios have been 

explored: 
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ANODE CATHODE 

floccules 

 

N + P 

recovery 

Wastewater composition 

Flow rate 250,0 m3 h-1 

COD 3900,0 mg L-1 

TSS 690,0 mg L-1 

N 28,0 mg L-1 

P 15,0 mg L-1 

 

Electrocoagulation 

COD 
 

(10 %) 3510,0 mg L-1 

TSS 
 

(96 %) 
27,6 mg L-1 

N (98 %) 0,6 mg L-1 

P (99 %) 0,2 mg L-1 

 

            ME-FBR 

COD 

(92 %) 

280,8 mg L-1 

CH4 344,0 m3 h-1 

H2 122,5 m3 h-1 

 

Figure  8: Performance of  LIFE-ANSWER technology 

 

- Conventional wastewater treatment: current wastewater treatment process at MAHOUôs 

facilities. This conventional wastewater treatment has been used as reference to compare the 
two proposed scenarios. 

- LIFE -ANSWER technology described in the project proposal. 
- Advanced LIFE-ANSWER process: going one step further than the project proposal, a 

combined strategy where conventional wastewater treatment and LIFE-ANSWER process are 

merged, including an anaerobic digestion unit before the ME-FBR . The following diagrams 

resume the results simulated for each scenario: 

 

Conventional wastewater treatment: 
 

The theoretical study of the currently MAHOUôs wastewater treatment plant was performed. The 

obtained results can be seen below. 
 

 
 Figure  7: Scenario analysis, conventional wastewater treatment 

 

LIFE -ANSWER technology: 
 

The obtained mass balance taking into account the project proposal is exposed below. 

 

 

 

 

 

 
 

 
 

Advanced LIFE-ANSWER process: 
 

This extra scenario was proposed to observe the possible improvement of the initially proposed 

strategy including the anaerobic digestion step (present at MAHOUSôs facilities) in the whole 
ANSWER Process, between the electrocoagulation step and the ME-FBR. In principle, a high-rate 

anaerobic reactor like the Internal Circulation (IC) reactor should significantly enhance COD removal 
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LIFE-ANSWER proposal 
40 mg L-1 

ANODE CATHODE 

N + P 
recovery 

 
floccules 

Figure  9: Performance of Advanced LIFE-ANSWER technology 

and improve the overall energy balance. This new configuration would reduce the required volume for 

ME-FBR.  
 

 

 

 

  
 
 
 

 
 

Interestingly, the use of this extra step (anaerobic digestion) made Advanced ANSWER to outperform 

standard ANSWER and reach COD discharged values as low as 42.1 mg L
-1
, which is in the same 

range that values aimed in the original proposal (40 mg L
-1
) 

 

Furthermore, the relationship between volume, OLR and HRT in ME-FBR gave us the following 
relevant information  

 

Our research demonstrated how the ME-FBR volume require to achieve the target greatly decrease 

(ca. 85 %) when the advanced LIFE-ANSWER approach was followed. The analysis was carried out 
with different OLR values. In addition, HRT was also lower when advanced LIFE-ANSWER was 

followed. The following simulation tool was also used to obtain the theoretical flow rates for a ME-

FBR (412.3 L). 
 
 Table 13: Influence of OLR on the HRT 

LIFE 

ANSWER 

Advanced 

LIFE 

ANSWER 

 
LIFE 

ANSWER 

Advanced 

LIFE 

ANSWER 

Q (m3 h-1) OLR (Kg m-3 d-1) HRT (h) 

0,001 0,008 0,24 351 52 

0,002 0,017 0,56 150 22,5 

0,005 0,03 1 84 12,6 

0,007 0,05 1,5 56 8,4 

0,01 0,06 2 42 6,3 

0,01 0,1 3 28 4 

 
 

In conclusion, the expected ME-FBR treatment capacity was about 1.0 m
3
 h

-1
. It must be highlight 

that our studies in ANSWER have demonstrated that ME-FBR are suitable to work properly under 

this operation conditions under lab and pre-pilot scale (B2 and B4).  

 
a) Microbial Electrochemical-Fluidized Bed Reactor (ME-FBR) parameter design: 

 

Electrode material is a critical parameter for microbial electrochemical systems. The electrode material 

         ME-FBR 

COD (92 %) 42,1 mg L-1 

CH4 50,6 m3 h-1 

H2 25,3 m3 h-1 

 
Valorización 

del gas 
producido 

292,4 m3 h-1 CH4 

526,5mg L-1 (85 %) COD 

Anaerobic digestion Electrocoagulation 

COD 
 

(10 %) 3510,0 mg L-1 

TSS 
 

(96 %) 
27,6 mg L-1 

N (98 %) 0,6 mg L-1 

P (99 %) 0,2 mg L-1 

 

Wastewater composition 

Flow rate 150,0 m3 h-1 

COD 3900,0 mg L-1 

TSS 690,0 mg L-1 

N 28,0 mg L-1 

P 15,0 mg L-1 
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was selected according to previous lab-scale assays. Attending to this, activated carbon was chosen as 

anode material (fluidized bed) attending to the high porosity, high microbial attachment and biofilm 

formation. Additionally, stainless steel (SS) was proposed as cathode material attending to the low 
price and low achieved overpotential. 

In addition, two current collectors have been installed in the ME-FBR system. Two different materials 

have been evaluated, a perforated stainless steel screen as cathode current collector, and graphite paper 
as anode current collector. Stainless steel is not suitable for activated carbon due to the low resistance 

to abrasion phenomenon. 

 

Thermostatisation system: 
 

Temperature is crucial for the stable operation of any biological system. Microorganism activity 

directly depends on this parameter that should be monitored and controlled during the operation time. 

The recirculation pipe was made of stainless steel pipe, so temperature was kept constant (30ºC) by 
using electrical heat traces. 

 

b) Containerization design: 

 

The reactor was hydraulically tested before the set-up in MAHOUôs WWTP in Alovera.  A 
containerization plan was developed attending to the following advantages: 

- Preventing breakage and operational problems due to possible adverse weather conditions 

affecting the successful of the project. 

- Prevention of occupational hazards during operation. 
- Increasing the heat efficiency of the thermostating device. 

 

The container proposal can be observed in the following diagrams. The container also served as a 

dissemination support for the project, displaying the project logos and the Commission support to the 

project. 
 
 

 
Figure  10: ME-FBR demo site 

 

 

2.1.1. Action B3 Water treatment prototype construction 

 
Main objectives: 

 

The main objective of this action was the construction of the pilot plant including electrocoagulation 

and ME-FBR reactor. 
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B3 work progress: 
 

Task B3.1. Fabrication of Innovative anodes for electrocoagulation using residual material 

 

TOLON has provided 2 tons of anode briquettes produced from aluminum shaving wastes. These 

anode briquettes were delivered to MAHOU for the preliminary experimental tests of 
electrocoagulation. 

 

 

 
 Figure  11: Left: Anode briquettes at MAHOU facilities provided by REC.TOLON. Right: isolated briquette in detail. 

 

Next activities include the test of the concept basket + briquettes at pre-pilot scale and implementation 
of this configuration in the electrocoagulation pilot plant. 

 

 

 

 

 

 

 

 

Task B3.2. Construction of the Electrocoagulation system  
In order to assure a proper electrochemical design, a pre-pilot unit (ca. 100L) was constructed. 

 

 
 Figure  12: EC unit configuration: two anodes ï three cathodes (left, middle image). Appearance of the flocks during the 
electrocoagulation process (right image) 
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In parallel, the electrocoagulation reactors have been constructed and customized by MAHOU in order 

to install the electrodes and electric connection. 

 
 

 
 Figure  14: Left: Electrocoagulation reactor made of polypropilene. Righ: outlets detail. 

 

 

 
 Figure  15: Electrocoagulation reactor details

Laboratory test 
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Figure  13: Comparison of energy consumption at 2.5 mA/cm2 at laboratory scale and pilot scale with titanium baskets as 
electric collector. 
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Task B3.3. Microbial electrochemical-Fluidized Bed Reactor (ME-FBR) construction. 

Once the different parts of the bioreactor were constructed, the assembling procedure was successfully 

finished by October 2017. This subtask was performed by Aqualia with the scientific support of UAH. 
For the construction of the FBBR modules and its operation various elements for individual protection 

of occupational risks have been bought. Below, different images of the assembling process can be 

seen. 

 
 

 
 Figure  16: Assembling ME-FBR 

 

Task B3.4. Integration of Electrocoagulation and ME-FBR systems for treati ng brewery 

wastewater. 

 

 
Figure  17: Answer prototype where ME-FBR, ultrafiltration plant and ultraviolet unit have been installed at demo site 

 

 
Figure  18: Answer electrocoagulation prototype installed at demo site. 
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2.1.2. Action B4 Water treatment prototype demonstration 

 
Main objectives: 

Start-up and validation of the ANSWER solution at the demonstration site in the wastewater treatment 

plant from Mahouôs factory. 

 
B4 work progress: 

 

 

B4.1: Electrocoagulation (EC) technology 

Wastewater and treated water characterization: The MAHOU and UAH made analysis in order to 

characterize the wastewater and the EC treated water. Wastewater composition was not homogeneous 
revealing an impact in  the removal efficiency: 

 
 Figure  19: A) Total phosphorus removal during long-term operation. B)Total nitrogen removal 

 

 

 
 Figure  20: A) Variation of  pH during EC long-term operation. B)Temperature increases slightly in continuous-mode. 

 

 

 

o Decanting of sludge avoiding the use of chemical 

In the WWTP, after chemical coagulation, a polyelectrolyte is added to accelerate the decanting. Using 

Imhoff cones, both samples were compared. The result is a thinner layer of sludge after 

electrocoagulation, but it can be solved leaving longer periods in repose (reducing the use of 

chemicals) 
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