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2. Executive Summary 
LIFE SEKRET Project was born for the increasing community pressure for new solutions for 

contaminated dredged material management, because of decreasing space, public acceptance, 

environmental issues and increasing costs for the disposal in landfills or dumping at the open 

sea. It is to be noted that in Europe very large amounts of contaminated sediments are being 

dredged (around 200 million cubic meters of contaminated sediments are produced every year), 

resulting in overall management costs of at least 1 billion € per year (Sednet Final Conference 

Venice, 2011). Dredging in port areas is usually necessary for nautical reasons and for 

construction works such as port development, undersea cables and pipelines: this kind of 

dredging is a given fact for port authorities; despite that in the future an increase in the amount 

of dredged sediments is certainly expected both for usual activities, nautical reasons or port 

developments, and for environmental purposes because of European legislation in the field of 

water quality management, sustainable use of the seas and oceans, nature conservation and 

other relevant regulations leading to clean up dredging. This will result in a much higher 

fraction of sediments not complying with heavy metal limit (around 5 – 10 % of the total 

dredged harbour sediments). 

SEKRET was implemented in line with the Livorno Port and European ports’ objective to 

resolve the issue of sediments management, within major documents by the European Union: 

Waste Framework Directive (2000/60/EC), Marine Strategy Framework Directive 

(2008/56/EC), Barcelona Convention (77/585/EEC, revised on 10th June 1995), Birds and 

Habitat Directives (92/43/EEC as amended on 27th October 1997), Council Decision 

2003/33/EC, London Convention (signed in 1972 and modernized by the London Protocol in 

1996) and Waste Directive (2008/98/EC). 

After several preliminary tests, the proposers of this project were convinced that SEKRET 

project technology was the most suitable technology for removing heavy metals from fine-

grained dredged marine sediments. When correctly included in a proper treatment chain, 

Electro-kinetic Remediation (EKR) is able to resolve a relevant European port issue for the 

sediment management, in which contaminated sediments are normally disposed in authorized 

landfill facilities. However, drawbacks include high costs in terms of money and energy. 

In particular the project participants University of Pisa, University of Rome, Livorno Port 

Authority, West Systems and Lambda Consult has demonstrated the application of the EKR 

technology in the environment of the Port of Livorno in order to clearly demonstrate the 

technical and financial feasibility of the project, as well as the unchallenged environmental 

advantages compared to the common employed management strategies (disposal in landfills 

and dumping at the open sea). 

The SEKRET project was realized at a pilot scale in a real port environment; a specifically 

protected basin contained within a concrete framework was built, during the first 18 months of 

the project, in an expressly located area of 500 m2 within the Port of Livorno to treat the marine 

sediments exhibiting uncompliant heavy metals concentrations. 

Within the protected basin, the EKR installation (150 m3) demonstrated an adequate metal 

concentration abatement for reaching the allowed standards, thus permanently solving the 

environmental issue related to heavy metals polluted harbour sediments. 

The pilot scale SEKRET facility was equipped with interconnected grids of wells and pipes 

made up of a semi-permeable material. The grid included the metallic electrodes which were 

connected to the power generator. The anolyte and catholyte were continuously circulated 

within the anodic and cathodic pipe grids. Electromigration, electroosmosis and electrophoresis 

phenomena, involved in the Electro-Kinetic Remediation, allowed to remove solute ions by 

their migration within the aqueous phase of the sediments under treatment, as well as the 

migration of water itself within the solid matrix, thus enhancing the dewatering of the sediment. 
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The total amount of marine sediments treated for the removal of heavy metals and 

hydrocarbons was estimated within the “Preliminary remediation plan for the marine stretch of 

the national relevance polluted site (SIN) of Livorno” contracted out by the Port Authority to 

ICRAM and finalized in March 2006. It was based on a thorough site assessment including: 

- Complete geophysical assessment with scan sonar and sub-bottom profiler; 

- Taking of 195 core samples (length range: 2 to 4 m each) and 28 surface box-corer samples, 

for a total of 808 individually analyzed samples; 

- Chemical, physical, microbiological and eco-toxicological analyses of the samples. 

Until now, the dredging activity has been performed for commercial reasons (to keep proper 

water depths required for navigation) with safety criteria to avoid risks related to the pollution 

level of the seabottom. The environmental dredging aimed at remediating the polluted site is 

not planned in the next three years. 

In the last 12 years, a total amount of about 1 million m3 sediments has been dredged in 

allotments ranging between 30,000 and 120,000 m3 each, with a daily productivity of about 

750 m3/d during the works, which were not continuous. Similar figures have been estimated 

for the future, including the future remediation dredging which, on this basis, will last about 

12 years with allotment sizes and daily productivity similar to the past. 

On the base of the grain-size distribution assessment performed within the same work, the 

sandy fraction of the sediments marked in red has a wide range of variation (10 - 90%). 

Dredgings with sandy fraction over 30% would be conveniently pre-treated by sediment 

washing, thus separating the clay/silty part retaining all the heavy metal contamination to be 

subsequently treated with the SEKRET technology, while the silty sediments with less than 

30% sand would be directly treated by SEKRET, leading to an overall amount of about 140,000 

m3 to be treated by SEKRET in ten years. 

A specially equipped 75,000 m2 remediation lagoon (tentative sizes 300m x 250m ) with a 

depth of 2m would contain those 140,000 m3. Assuming an electrode configuration with 

vertical anodes and cathodes, 2 m apart (to be optimized with specific design), the overall 

volume would be treated in 12 sections of about 1 year each, so total remediation would last 

exactly the same 12 years as the aforementioned dredging productivity. This estimation 

includes also the time required for the dredging to leach out the salts. 

The installation would require a maximum power/ current capacity of 800 kW/6000 A. Energy 

consumption would be about 150 kWh/m3. If the plans will change, a faster remediation would 

be possible, but it would cost more energy. If there is no time pressure, less electrical current 

would be required. 

The Livorno Port Authority performs the dredging activity according to two different strategic 

plans: 

1. A multiyear plan of dredging with the aim to ensure the water depths required for navigation 

and port activity. This activity is permanently being performed; 

2. A preliminary remediation plan of the marine stretch of the Livorno SIN.  

When polluted sediments were dredged while performing activities of plan 1, specific devices 

(carefully agreed with the Ministry of Environment and monitored by dedicated Governmental 

Presidiums) were applied. 

During the whole duration of the SEKRET project, no activities belonging to plan 2 were 

performed. Only activities belonging to plan 1 were be performed. 

Within the SEKRET project, 150 m3 of polluted sediments, selected in the most polluted spots 

of the port seabed, were purposely dredged. This dredging was not part of plan 1, while it was 

an anticipation of plan 2. Indeed, it was a negligible fraction of plan 2. This small-scale 

anticipation of the most sensitive part of plan 2 acted as a sort of pilot application aimed at 

highlighting all possible advantages, drawbacks and problems of the most sensitive activity to 

be performed in the future within plan 2. As already experienced with other activities 
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performed in Livorno in the past, the SEKRET demonstration served not only for Livorno 

itself, but also for planning the remediation of the other Italian ports included in the list of 

national relevance polluted sites (SINs). In line with the European background, the Port of 

Livorno is characterized by the presence of important productive settlements classified as 

industries with a considerable risk of accident and by the presence of a freight yard with 

movimentation of hazardous substances. For this reason, the Livorno Port is recognized as a 

Polluted Site of National Relevance (SIN), under Ministerial Decree n.468 of 18-09-01. The 

environmental site assessment showed that a thick layer (up to 3 m) of the port seabed is 

polluted by heavy metals, entailing a total marine sediments volume to be treated of 218000 

m3, and that the texture of the sediments is homogeneous and generally silty (around 80% silt-

clay-loam and 20% sand). The observed contamination in the area is mainly due to heavy 

metals such as cadmium (Cd), mercury (Hg), lead (Pb), copper (Cu), zinc (Zn), arsenic (As) 

and to polycyclic aromatic hydrocarbons (PAH). 

The high heavy-metal levels are mainly due to the commercial and passenger maritime 

transport and to the industrial activities performed in the port such as oil refining, non ferrous 

metal production and trade, toxic wastes treatment and the presence of warehouses for 

chemicals. Cd concentrations showed an extremely high level of contamination, up to 55 

mg/kg. Hg exhibited high concentration values in several parts of the port with maximum levels 

up to 18 mg/kg. Pb contaminated sediments are located in vast areas of the port with levels up 

to 4020 mg/kg. The maximum value found for As contamination is 74 mg/kg while for Zn it is 

2130 mg/kg. Cu presented a similar distribution of highly polluted areas to lead and cadmium 

with values well over agreed standards (993 mg/kg) while PAH concentrations reached the 

maximum value of 555 mg/kg.  

After the issue of the Amendment no 1 to Grant Agreement for project SEKRET, the duration 

of the project was extended by 10 months, and accordingly the project ran until 31/10/2017. 

The modified deadlines (Forms A1, C2 and C3) were defined therein. 

At the end of the project, the following objectives were achieved: 

➢ Action A.1, completed. The collection of available data on sediments to identify the 

most polluted spots in the Port of Livorno and the sampling of the sediments from the 

most polluted area were completed. An extensive set of laboratory experiments was 

carried out to characterize the physicochemical properties of the sampled sediment and 

the evaluation of operating condition for preliminary design of the electrokinetic 

process. All the required permissions for building the plant were successfully obtained.  

➢ Action B.1, completed. The design of the demonstration plant was completed based on 

the experimental results obtained in the laboratory. All the plant components were 

designed: 1) the power supply unit was designed based on the estimated required energy 

consumption, 2) the design of the electrolyte circulation circuit, including the semi-

permeable wells was carried out, 3) the design of the electrolyte management and 

electrolyte treatment circuits was completed, 4) the gas treatment device were designed, 

4) the control and automation system as well as the plant management protocol were 

defined. 

➢ Action B.2, completed. All plant components were constructed and validated. The 

following components were assembled: power supply and electrode energizing system, 

electrodes, electrode wells, control and monitoring system. All the components were 

tested in laboratory under controlled conditions. 

➢ Action B.3, completed. The SEKRET treatment basin was successfully installed on the 

dedicated area in the Port of Livorno. The treatment basin was built and sealed with a 

waterproof membrane. The volume of 150 m3 of sediment to be remediated dredged 

within action B.4 were transferred into the treatment basin. The power supply unit to 

operate the demonstrative plant was assembled and placed in the space adjacent to the 
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treatment basin. The hydraulic circuit was built. The electrodes for electric field 

application for sediment remediation were placed inside the wells and connected to the 

power supply unit. The grid of wells and pipes was connected to the electrolyte 

management system. The latter was assembled on site and located adjacent to the basin. 

The basin was covered with a plastic cover. The electrolyte treatment section was 

moved to action B.4, as the laboratory analyses did not provide sufficient data for a 

wise design of this particular section, which is different than that of plants aimed at 

treating soils, and this is the first full scale implementation for dredged saline sediments. 

➢ Action B.4, completed. The time 0 sampling was performed by ARPAT on 20 June 

2015. The EKR demonstrative plant started its operation on 13th July 2015. The 

operation faced several unexpected problems mainly related to chemical corrosion and 

chlorine generation control, which caused several temporary breakdowns, which were 

promptly solved without significant loss of time. During the first months of operation, 

several samples of electrolytes were collected and analyzed in order to properly design 

the electrolyte treatment section. This activity caused some delays mainly because the 

increase of salinity was faster than expected, requiring a different type of electrolyte 

treatment than that used in more conventional EKR plants aimed at treating soils. It was 

evident that the initial idea of removing only the target heavy metals from the 

electrolytes by precipitation/clariflocculation/chelating-exchange-resins was not 

technically possible, as the main problem was the increase of salinity due to different 

macro-components such as Fe, Al, Ca, Cl etc., which caused an increase of electrical 

conductivity with loss of treatment efficiency. A different type of electrolyte treatment 

section (including a reverse osmosis plant, a pre-treatment/conditioning/filtration tank 

and a set of solar evaporation tubs) was designed in the months of November-December 

2015. The maximum evaporation capacity was estimated as ranging from 2 m3/month 

in winter to 8 m3/month in summer without RO, and twice as much with RO. During 

the month of December a major problem was caused by the malfunction of a level 

sensor, which caused an excessive refilling of the plant with 8 m3 of tap water. Part of 

this water was removed from the plant and temporarily stored in four tanks of 1 m3 

each. The remaining part was left in the plant. The disposal of all this saline water as 

liquid waste was considered too expensive, with the risk of compromising the budget 

of the project. It was decided to wait for complete implementation of the evaporation 

tubs in order to dispose the extra water by solar evaporation. In the meantime it was 

decided to stop the plant because the excessive salinity of electrolytes caused a 

significant reduction of treatment effectiveness, with a concrete risk of exceeding the 

project budget for excessive electric energy consumption.  The electrolyte treatment 

section was installed and tested in March-April 2016 and worked regularly and 

continuously until the end of the treatment. The treatment was completed on 31 May 

2017 and the plant was switched off. At the end of the treatment, an extensive final 

sediment characterization was carried out; this activity was performed in June and July 

2017. After the completion of the characterization the plant was disassembled and the 

sediment was disposed into the public landfill Rea Ambiente in Scapigliato (Livorno) 

on 11 September 2017, as already reported in section 5.1.1 of the mid-term report and 

in section 3.3.1 of the progress report of 30-4-2016, due to the mandatory request (by 

the authorities) of disposing of the treated sediment in public landfill, irrespective of 

the final achieved quality of the sediment. The end date for action B.4 was 18 

September 2017, when the disassembly of the final parts of the plant was completed 

and the site was completely restored at its original state ( as it was prior of plant 

construction). 
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➢ Action B.5, completed. The development of policy-oriented recommendations was 

completed and the corresponding deliverable is attached to this final report. The 

responsibility and a significant part of the operative work was performed by UniPI 

instead of TuscanyReg. UniPI and TuscanyReg agreed that the necessary budget was 

transferred from TuscanyReg to UniPisa to perform most of this activity, as described 

in 5.1.6 and 6. UNIPISA acquired personnel (26/4/2016) to perform this action.  The 

Final best practice report was completed and it is attached to this progress report.  

➢ Action C.1, completed. This action started in advance, although the expected starting 

date was 01/05/2017. The sampling campaign started and it involved the 

characterization of all the environmental compartments, i.e., solid phase (sediments), 

liquid phase (catholyte and anolyte) and the gas phase (gas emissions). Several 

sediment samplings were carried out during the treatment, involving the solid phase 

under treatment (sediment), the liquid phase (electrolytes) and the gas phase (exhaust 

air emitted into the atmosphere after scrubbing for the removal of chlorine gas. At the 

end of the treatment, the final characterization was carried out. The results of all the 

performed analyses, together with a discussion of the achieved results, are included in 

the “Characterization report on treated sediments” deliverable which is attached to this 

final report.  

➢ Action C.2, completed. The collection of 6 sets of polluted samples from different 

polluted ports was completed, and the full chemical-physical characterization of the 

collected samples was also successfully completed. The design and implementation of 

new experimental apparatus needed for the lab-scale electroreclamation tests of the 6 

sets of polluted samples was completed. The electrokinetic tests were completed. The 

monitoring activity and the final testing of sediment samples confirms the suitability of 

the Electrokinetic remediation for treatment of contaminated dredged sediments with 

specific properties that make them unsuitable to most of alternative treatment 

techniques. The final deliverable of this action is attached to this final report. 

➢ Action C.3, completed. The LCA assessment was performed by West Systems and 

University of Pisa with contributions of all beneficiaries and the final deliverable is 

attached to this final report. The process assessment was performed by University of 

Pisa and is included in the final deliverable “Guidelines and recommendations for the 

use of the SEKRET approach” attached to this final report. The market analysis was 

contracted out and was performed by Simurg Ricerche Livorno. Its final report is 

appended at the end of the final deliverable “Guidelines and recommendations for the 

use of the SEKRET approach” attached to this final report and the main results are 

resumed and commented in the text of the deliverable itself. 

 

In this Final Report, chapters 3 and 4 present the technical and administrative topics and 

organizations of the project; while, in chapters 5 and 6, the technical and financial results 

obtained at the end of the project are reported. 

 

 

3. Introduction 
Environmental problem/issue addressed 

European ports host business related to transports, manufacturing, chemical industries and oil 

refineries, storage areas for chemicals, solvents, mineral oils, paper, food, etc. Moreover, 

within specific areas toxic waste and non ferrous material are dealt with. Due to this massive 

presence of invasive human activities, harbours and coastal areas all over Europe have 

sediments that are contaminated with heavy metals and hydrocarbons. The dredged sediments 

contaminated with a variety of harmful chemicals are most commonly dumped in nearby 
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marine waters. Today, the volume of dredged material Europe-wide is very roughly estimated 

at 200 million cubic meters per year, around 60% of which is contaminated (source: SedNet). 

 

Outline the hypothesis demonstrated by the project 

The SEKRET project consisted of different actions aimed at demonstrating that the innovative 

Electro-Kinetic Remediation (EKR) technology can effectively remove heavy metals and 

hydrocarbon, by a treatment in a specifically equipped Confined Disposal Facility, from 

contaminated harbour dredged sediments of European ports, in order to reach the compliance 

with European normative standards.  

 

Description of the technical solution 

The SEKRET plant was built in a dedicated area of the Port of Livorno to treat an approximate 

amount of 150 m3 of purposely dredged sediment. The plant was made up of a basin contained 

within prefab reinforced concrete walls and sealed by a waterproof liner. Following the 

Lageman-Pool-Seffinga patent, the facility was equipped with interconnected grids of semi-

permeable wells and pipes, metallic electrodes connected to a 380 V transformer cabin (50 kW 

power). The anolyte and catholyte were continuously circulated within the anodic and cathodic 

pipe grids. The two circuits included an external water treatment facility aimed at removing 

the dissolved metals by chemico physical treatment. 

 

Expected results and environmental benefits 

1) Adequate decontamination of dredged polluted harbour sediments from heavy metals and 

hydrocarbons, resulting in full compliance with legislation. 

2) Reduction of volume: water moved towards the negatively charged cathode for electro-

osmosis, leading to a reduction of the total sediment volume; subsequent decrease of the 

volume to be stored in long-shore CDF, so as to improve its service life. 

3) Solution of contaminated sediment management: instead of sending non-compliant 

sediments to relative hazardous waste landfills or of dumping them at the open sea, EKR 

technology allows complete decontamination of harbour sediments and beneficial re-use, with 

a 100% saving on long distance sediment transport and reduces air and water pollution.  

 

Expected long-term results 

The expected economic impact of the new sediment management for construction and 

maintenance works will be of at least 15 million € on triennial basis, only taking into account 

the Livorno Port Authority 2010-2012 Operative Plan. Furthermore, compared to previous EK 

applications and experiments, the energy cost will be reduced of 70%. Indeed, a significant 

amount of the electrical energy is used to get rid of Na and Cl ions before the other ions are 

being mobilized; a preliminary action will lead to an accelerated Na and Cl reduction in the 

first phase of EKR application in order to abate salinity, thus reducing energy consumption. 

 

 

4. Administrative part 

4.1 Description of the management system 

The SEKRET management process needed daily work to maintain a permanent flow of action 

with the aim of achieving the objectives set. The specific management activities carried out 

were: 

➢ Preparation of the Partnership Agreement (sent with the Inception Report) 

➢ Organisation of Coordination meetings  
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➢ Organisation of different phone and web meetings between some beneficiaries in order to 

plan and monitor the project technical activities 

➢ Continuous contact between all project beneficiaries for monitoring project activities 

➢ Preparation of material for meetings and dissemination events. 

➢ General actions and activities for the coordination of the project.  

➢ Management of the financial aspects of the project. 

➢ Monthly reports to the LIFE external team monitor on the evolution of the project.  

 

During the whole project period, the 5 beneficiaries associated, TuscanyReg, UniRoma1, 

LiPortAuth, WestSys and Lambda Consult participated in project management activities, 

keeping in smooth contact with the project coordinator and the other partners. In this sense, 

they prepared and attended the project management and monitoring meetings and collaborated 

with the project coordinator (UNIPI) in the preparation of the Inception Report, of the Midterm 

Report, of the Progress Report and of this Final Report, as set out in the project proposal. 

The management of the project has been carried out in compliance with what it was established 

in the proposal approved by the European Commission, with all beneficiaries acting in 

compliance with the Common Provisions and the Partnership Agreement.  

The project management structure is very simple as only 6 beneficiaries, plus the EC and the 

LIFE external team. The following diagram provides information about the general 

management structure: 

 

 
Figure 1. SEKRET management structure. 

 

In particular, the SEKRET beneficiaries defined the following two management structures: 

➢ Technical Committee: 

• UNIPISA: Renato Iannelli  

• Lambda Consult: Reinout Lageman  

• LiPortAuth: Lisa Oliviero  

• TuscanyReg: Gilda Ruberti 

• UniRoma1: Alessandra Polettini 

• WestSys: Simone Neri 

➢ Administrative Committee: 

• UNIPISA: Giovanna Carcea 

• Lambda Consult: Reinout Lageman  

• LiPortAuth: Lisa Oliviero  

UNIPISA - 

EUROPEAN COMMISSION 

LIFE  
external 

monitoring 
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• TuscanyReg: Maurizio Petrucciani 

• UniRoma1: Raffaella Pomi 

• WestSys: Federica Mattei 

 

The beneficiaries have carried out different meetings in order to organize, coordinate and 

develop the project. The following coordination meetings were organized:  

➢ Coordination meetings: 

➢ Kick-off meeting, 14th January 2014, at UNIPISA premises in Livorno- Italy. 

➢ Progress and Coordination 6 month meeting, July 15th 2014, at UNIPISA premises in 

Livorno- Italy. 

➢ Progress and Coordination 12 month meeting, February 24th 2015, at UNIPISA premises 

in Livorno- Italy. 

➢ Progress and Coordination 21 month meeting, September 29th 2015, at UNIPISA premises 

in Livorno- Italy.   

➢ Progress and Coordination 30 month meeting, June 21st 2016, at UniRoma1 premises in 

Rome- Italy.   

➢ Progress and Coordination 38 month meeting, February 22th 2017, at UNIPISA premises 

in Livorno- Italy.   

➢ Final Progress and Coordination meeting, October 25th 2017, at UNIPISA premises in 

Livorno- Italy.   

➢ Monitoring meetings with LIFE’s External Assistance Team: 

• Monitoring meeting May 9th 2014 at the partner UNIPISA premises in Livorno- Italy: Ms 

Monica Marrucci. 

• Monitoring meeting May 20th 2015 at the partner UNIPISA premises in Livorno- Italy: 

Dr. Roberto Ghezzi. 

• Monitoring meeting February 24th 2016 at the partner UNIPISA premises in Livorno- 

Italy: Dr. Roberto Ghezzi. 

• Monitoring meeting February 22th 2017 at the partner UNIPISA premises in Livorno- 

Italy: Dr. Roberto Ghezzi. 

• Monitoring meeting October 25th 2017 at the partner UNIPISA premises in Livorno- Italy: 

Dr. Roberto Ghezzi. 

In addition many site, phone and web meetings between some partners were organised in order 

to plan and monitor the project technical activities. 

As for amendment approved, we confirm that the SEKRET project had an extension of 10 

months for the project duration until 31/10/2017.  

 

4.2 Evaluation of the management system 
SEKRET project proceeded smoothly and all actions were completed as foreseen. Some delays 

happened during the construction of the demonstrative plant, but the overall delay of about 6 

months will not cause delays to the overall project due to backup times included in the 

estimated timetable. During the whole project period the SEKRET project has benefited from 

the close collaboration between all the beneficiaries and a close contact among them has been 

maintained through different media: emails, telephone, meetings, etc.  

As shown in the previous diagram reported above, the SEKRET beneficiaries added values 

were: 

➢ UNIPI, project coordinator, a public organisation responsible of civil design and 

authorisations and of experiment operation and assessment  

➢ TuscanyReg: an Istitutional partner expert in policy and guidelines development 
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➢ UniRoma1: an University Department specialist in lab-scale testing and in definition of 

operative design parameters 

➢ LiPortAuth: an Authority responsible of provision of site, services and assistance for thew 

project demonstartion 

➢ WestSys: a company responsible of design of facility, construction of demonstartion 

facility and life cycle assessment 

➢ Lambda Consult: a company expert in EK technology 

During the whole project period, specific monitoring tasks have been carried out and the 

communication with the Monitoring Team was implemented in the following ways: 

➢ UNIPI, as project coordinator, had continuous contact with all project beneficiaries for 

monitoring project activities 

➢ UNIPI, as project coordinator, prepared and sent a monthly indication of operative 

activities to be done to all the partners 

➢ UNIPI, as project coordinator, every month sent a report to the monitor of LIFE’s External 

Assistance Team on the progress of the project, which allowed him to follow-up of the 

SEKRET project.  

 

 

5. Technical part 

5.1 Technical Actions 

 

5.1.1 Action A.1. Preliminary assessment of working environment 

Generalities and timetable 

Action A.1 started on 1-1-2014 as scheduled in the project and it was completed, as planned, 

on 30-09-2014. During this period (January-September 2014), UNIPISA carried out the 

collection of available data on sediments to identify the most polluted spots in the Port of 

Livorno. All the required permissions for building the plant were obtained and samplings of 

the sediments from the most polluted area were performed (Action A1.1). The physicochemical 

characterization of the sampled sediment (Action A1.2) was carried out and the physical and 

chemical characterization was conducted both at UNIPISA and at the UniRoma1 laboratories.  

After characterization, an extensive set of laboratory experiments was carried out for the 

evaluation of operating condition for preliminary design of the electrokinetic process (Action 

A1.3). The electrokinetic laboratory experiments were carried out both at UNIPISA and 

UniRoma1 laboratories. The information derived from the tests about the amount of 

contaminants extracted and the corresponding consumption of energy and reagents were used 

to extrapolate the necessary time or energy required to reach the target concentration in the soil 

in the SEKRET demonstrative plant. Considering the necessary scale-up and proportionality 

factors, the operating conditions for the electroremediation process were identified. This 

allowed for the design of the electroremediation treatment, with reference to action B.1. 

The results of the electrokinetic tests were extensively documented in the Deliverable A.1 and 

Other annexes attached to the Inception Report sent to EU Commission on 26-09-2014.  

The results of the first laboratory tests performed within Action A1 were quite controversial. 

Therefore, more tests became necessary - and were performed - than what originally foreseen. 

As a consequence, although Action A1 was completed on time, a delay was caused to Action 

B1, which was completed 2.5 months later than the timetable, due to design data uncertainty. 

In turn, the delay of Action B1 affected Action B2 which was completed 6 months later than 

the scheduled activity plan. To avoid further delays, a contingency plan was activated by the 
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Coordinator so as to avoid significant impacts over Action B4, which started on time in the 

first quarter of the second year. 

Action A.1 was completed by 30-09-2014 as scheduled. 

 

Synthetic description of the main activities performed and results achieved within Action A.1 

Collection of available data on sediments:  

The sea-stretch of the Livorno contaminated site of national interest (SIN) has undergone a 

series of in-depth analyses and controls by "ICRAM" - Central Institute for Scientific and 

Technological Research Applied to the Sea - within the SIN charaterization plan released in 

2005. The produced data-base includes chemical-physical and microbiological investigations 

and ecotoxicological analyses of the seabottom, the water column and the biocenosis. 

Inside certain areas of the SIN, concentrations of metals ( Cd, Cr, Cu, Ni, Pb, Zn) exceeding 

the standards of column B, Table 1, Annex 5 to Part IV of D.Lgs.152/06 have been observed. 

The ICRAM report and data-base was examined within this action and an area was identified 

within which metal concentrations exceed 90% of legislation limits (column B) and the main 

composition of sediments is silty-clayish. This analysis led to the selection of this area as the 

optimal testing site for the SEKRET main action. Hence, such area was selected as the 

sediment sampling site for the project. A description of the examination of ICRAM 

characterization report is included in the deliverable to action A.1 that was included as an 

annex to the inception report. 

 

Preliminary design of the demonstrative facility 

This stage was started long before the formal startup of the SEKRET project, as it was 

necessary for obtaining the required permission for demonstrative plant construction and 

operation. The preliminary design was based on literature data, taking into account the 

sediment characteristics derived from the ICRAM characterization report described in the 

previous section. Another important aspect of the preliminary design was the selection of the 

location where building the plant. This was obtained after long negotiations among the Livorno 

Port Authority (SEKRET beneficiary) and the local government and control institutions. The 

preliminary design is  constituted by a technical report and four A0 Autocad drawings written 

in Italian. The use of the Italian language was necessary for the subsequent application for plant 

permits. It was included as annex to the Inception report, as part of the Plant permit application. 

 

Application, negotiation and final release of the plant permit 

This stage was particularly long and troublesome, as it is notoriously difficult in Italy for the 

long list of national and local institutions involved in the process and for the complexity of the 

bureaucratic procedure. It started the day after knowing that the SEKRET project obtained the 

EC cofounding, six months before the formal project startup. It included 15 meetings at 

Tuscany Region, ARPAT, Port Authority, Municipality of Livorno, Province of Livorno and 

USL6 Livorno to discuss, negotiate, deepen, modify and complete several aspects of the 

preliminary design. Several extra-costs were added to the project due to specific request of the 

local institutions and agencies. Among the most significant ones: 

▪ complete construction of the basin without any concrete casting (dismountable 

construction). This required the use of special self-sustaining pre-cast reinforced concrete 

walls which were rent; 

▪ complete covering of the basin with a sealed roof to avoid any possible release of gasses 

from the sediment surface. This was not included in the original proposal as previous 

applications for soils showed that gasses are only released at the electrode wells; 

▪ construction of a specific gas-treatment stage with suction fans and NaOH scrubber; 
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▪ addition of instruments for automatic detection of gas emissions and process anomalies, 

with immediate swith-off of the process and broadcasting of remote alarms via short-

message-service to the operators; 

▪ mandatory request of delivering the treated sediment to public landfills, irrespective of the 

final achieved quality of the sediment, due to strict legislative rules concerning prototype 

plant for waste handling, treatment and disposal. This request increased the costs of final 

disposal and reduced the direct environmental benefit of the project. However, as the 

treated amount (150 m3), although large is negligible when compared with the annually 

generated sediments from dredging (around 150000 m3/year for the lone Livorno Port), 

the direct environmental benefit of the project is minor compared to the indirect 

environmental benefit due to the follow-up of larger applications. Hence the final aims of 

the project were not compromised by this strict request; 

▪ mandatory request to take out a bank guarantee for ensuring the budget for the future 

dissembly activities. The bank guarantee cost and the related notarial costs were moved 

from the External assistance cost foreseen for analyses in action C1, thanks to the savings 

that will be obtained by performing part of the activities internally. 

 

The involved extra-costs were examined, and a contingency plan including methods to save 

on other expenses without reducing the project objectives  was defined. 

The complete documentation of the application for plant permit is constituted by ten reports, 

for a total of 250 A4 pages in addition to the previously described preliminary design. It was 

annexed to the inception report. 

The plant permit is constituted by the Decree 3417 of Tuscany Region dated 6 august 2014 

with 3 annexes. It was included as annex to the inception report. 

 

Sediment sampling and characterization 

Within the selected area in the Port of Livorno, the sediment sampling campaign was carried 

out by University of Pisa, using a manual grab sampler. A total of 20 samples of 10 liters each 

were collected from a single sampling point. The samples were left to settle for 16 days; then 

the produced supernatant was removed and the samples were mixed together in a single tank 

and homogenized by a mechanical mixer for 30 min. The homogenized sample was finally 

split in 10 L sealed plastsic cans and sent to University of Roma and University of Cagliari for 

the characterization and electrokinetic remediation laboratory tests. 

The as-received samples were homogenized again and stored under controlled conditions prior 

to be subjected to the analytical campaign. During homogenization, coarse materials such as 

shells, shell fragments and stones, were manually removed. The characterization campaign 

was repeated in the two laboratories in Roma and Cagliari, so as to verify the repeatability and 

accuracy of the analytical data. No sieving was performed to avoid the generation of 

interpretation errors of the EK tests. However, the relative amount of coarse material was quite 

low, so that manual sorting was deemed to be satisfactory for the purposes of the lab-scale 

investigation.  

Part of the homogenized samples were oven-dried at 40°C (to prevent any loss of organic 

matter and minimize sample disturbance) until constant weight was attained, and then 

subjected to ball-milling prior to chemical characterization of the dried material. 

The homogenized sediment samples were characterized for the following physico-chemical 

parameters: pH; water content; conductivity; grain size distribution; alkalinity; acid 

neutralization capacity (ANC); cation exchange capacity (CEC); total organic carbon (TOC) 

and inorganic carbon (IC); metal content. In addition to the metals of interest for the 

remediation treatment (namely Cd, Cr, Cu, Mn, Ni, Pb, Zn), the most relevant macro-elements 
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were determined as well, including Al, Ca, Fe, K, Mg, Na, Si, so as to better understand 

material modifications as a result of the electrokinetic treatment. 

The analytical procedures followed during the characterization campaign were selected on the 

basis of the experience gained by the Beneficiary during a previous LIFE+ project on polluted 

sediments, and adapted, when necessary, to the specific characteristics of the material used in 

the present project.  

Analytical methods and related equipment are described in the Deliverable A1.2 annexed to 

the Inception report. The same procedures were also adopted to characterize liquid and solids 

during and after electroremediation tests. 

The results of the characterization are reported in detail in the Deliverable A1.2 annexed to 

the Inception report. A brief summary is reported here. 

pH: Measured values ranged from 7.92 to 7.95 for the dry sample and from 7.92 to 8.02 for 

the wet sample, thus emphasizing the alkaline nature under naturally-occurring conditions. 

Water content: it was approximately equal to 33% by wet weight. Since the water content after 

sampling was around 50%, there was evidence that, during a quite short storage, sediments 

settling occurred at a relevant extent and water tended to migrate towards the top of the 

containers. The remaining water tended to be further separated from the settling solids, 

forming again a thin film on the top of each container. 

Electrical Resistivity: it ranged from 0.63 to 0.68 Ωm, thus indicating the relevant role of 

Chlorides and other ionic species in increasing sediment conductivity. 

Grain size distribution: it showed that the sediment was mainly composed of fine particles 

(46% clay+silt; 18% fine sand; 36% coarse sand). 

Hydraulic permeability (oedometer test): the permeabilities of the two examined samples were 

measured as K1  = 1.2x10 -9  m/s; K2  = 3.7x10 -10  m/s. Considering that, due to an effect of 

scale of the laboratory test, the above values may be smaller than reality by about an order of 

magnitude, it is still possible to appreciate the low permeability of the sediments. 

Acid Neutralization Capacity (ANC): sediments exhibited a very pronounced buffering 

capacity, which may represent a critical property in view of remediation. The large part of 

metals are known to be soluble under acidic conditions, so that the reduction of system pH is 

in general regarded as a key step to promote contaminant mobilization from the solid matrix. 

During EK, sediment acidification can be regarded as the result of the H + migration from the 

anode to the cathode. However, if the amount of H + displaced at the  

anode is not adequate to attain pH reduction at a value which may be considered optimal for 

metal solubilization, additional strategies should be adopted including both OH - 

neutralization at the cathode and addition of supplementary H + at the anode. In addition, an 

increase of treatment duration to attain adequate system acidification and metals mobilization 

may be anticipated. Some additional tests were focused on evaluating the effect of size fraction 

separation on the ANC capacity, so as to assess whether a preliminary pretreatment (i.e. based 

on the separation of the different fractions by a simple washing process) would result into an 

appropriate modification of the buffering capacity. However, results showed no influence of 

preliminary particle size separation on ANC. 

Cation Exchange Capacity (CEC): it was found to be in the range 9.3-11.1 cmol/kg. No evident 

variation of the CEC capacity was found as a result of coarse fraction separation. 

Metal content: the elemental composition of the investigated sediments revealed a medium to 

low contaminants content. Metal concentrations of the critical elements appeared to be quite 

close to the lowest threshold value for contamination (Column A of Table V, part IV of the 

Italian Decree 152/06). The elemental composition (including contaminants and major 

elements) is reported in the following table in comparison with the regulatory thresholds. 

 
Elemental composition (mg/kg) and thresholds 
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Metal fractionation: the exchangeable fraction is the easiest to remove because the metal 

belonging to this fraction are weakly bound to the solid matrix. Most of the metals are bound 

to the reducible fraction (e.g. Fe-Mn hydroxides). The EKR treatment conditions should create 

a reducible environment to have a satisfactory removal of metals. The  other  two  fractions  

(oxidisable  and  residual)  are  the  most  difficult  to  remove  because  of  the  strong metal-

matrix interaction. 

 

Electrokinetic tests on collected sediment samples 

To evaluate metal mobility as a function of pH conditions, and specifically to explore the 

actual metal mobilization occurring under acidic conditions, a number of extraction test were 

performed under batch, continuously stirred, conditions. The analysis of the lab-scale results 

allowed to gain preliminary indications on the suitability of chemicals to be used as 

conditioning agents for EK tests. The extraction tests were carried out by adding acidic 

solutions to the sediment. Then, after centrifugation, the separated liquid was analysed for 

metal content. (see Deliverable A1.2 for further details). 

The following agents were tested: HNO3; HCl; oxalic acid; citric acid; ascorbic acid. EK turbo 

tests were then carried out by adding water as electrolyte solution, so as to evaluate metals 

migration under quite mild operating conditions.  

Acid solutions were added in order to reduce sediment pH in to promote metal solubilization 

and migration towards the electrodes. When added to the anode, the acid neutralize OH - 

generated by electrodic reactions, thus preventing OH - migration towards the cathode and the 

increase of sediment pH. Given the very high buffering capacity of the tested sediments, which 

strongly opposed the pH decrease of the solid matrix, the amounts of added acid were 

increased so as to include also the quantity to attain a final pH equal to both 5 and 3 units, as 

estimated by the ANC test. In order to balance the amounts of OH - produced during the test 

due to electrochemical reactions, the acid solution was added to the cathodic compartment at 

each solution renewal. Three acids (namely HNO 3 , HCl and CH 3 COOH) were tested. 

Chelating agents, individually or in combination with acid solution, were also tested in order 

to evaluate the effect on metals mobility and migration. Chelating agents are known to promote 

metals solubility through complexation reactions, so that the addition to the system may in 

principle favor metals removal from the matrix and reduce acid consumption. Chelating agent 

dosage was determined on the basis of the sediment CEC. In order to take into account the 

affinity shown by chelating agents towards the sediment macro-constituents, such as Calcium 

and Magnesium, the dosage was calculated assuming that all the Ca, Mg, Fe as well as the 

contaminants of interest were available for complex formation through a 1:1 molar ratio 

reaction. The amount of chelating agent required to react with all the considered elements, was 
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then increased of a safety factor equal to 2. Among the available chelating agents, EDTA was 

selected on the basis of the high affinity for the contaminants of interest. Reducing agents were 

also tested in order to promote mobilization of metals bound to Fe and Mn oxides, which 

appeared to be a quite relevant fraction for most of the critical elements, such as Zn and Cu. 

The identification of the most suitable reducing agents for the lab-scale experimental 

campaign was complicated by the need of selecting a compound which undergoes base 

hydrolysis in water, so as to be able to react with Fe and Mn oxides during its migration 

towards the cathode. At the same time, the selection was aimed at identifying a low cost and 

environmentally friendly agent. Taking into account all the above mentioned constraints, 

ascorbic acid was selected for the experimental tests. For a selected number of experimental 

conditions, a sediment pretreatment stage based on washing or sieving was applied. The 

performed tests are listed in the following table. 

 

 

 

 
 

Results: EK tests from 1 to 4 evidenced that under the tested conditions, metal mobilization 

was strongly dependent on the operating conditions in terms of conditioning agent type and 

dosage. When water was used as electrolyte, for a test duration of 7 days (turbo test) a slight 

mobilization of both Zn and Cu was observed, with an accumulation near the anode and a 

depletion near the cathode. However, no significant amounts of metals were measured in the 

electolytes, this suggestiong that migration towards the electrodes was negligible. Cr was more 

or less mobile, even if no migration towards tge electrodes was observed, while Ni distribution 

along the cell was not influenced by the application of the electric field. 
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Similar results were observed in test 2  even if in that case a migration towards the electrodes 

was observed. It is interesting to note that all the investigated metals appeared to migrate 

towards the anode, so that it could be hypothesized that they are present in solution as 

negatively charged species. In this case, the suppression of the electroosmotic flow is to be 

considered as positive in order to favour metal migration. 

The conditions adopted during test 3 were not able to promote metal mobilization. No  

evidence of metal migration was gained. During test 4, Zn and CU appeared to be mobilized, 

and a significant concentration gradient was observed for both the investigated metals at the 

end of the test. In the present case, metals appeared to migrate mainly towards the cathode and 

to a lesser extent towards the anode as well. Even in that case, Ni and Cr were only slightly 

mobilized. The voltage drop during the text evidenced that for the whole duration of the test, 

a significant flux of ions was maintained. However, during the final stage of the test, an 

increase in resistivity was detected, this indicating a reduction of the circulating ions in the 

system or a conductivity decrease due to metal precipitation. 

Under the conditions of test 5, Cr was shown to be the sole element which can be mobilized as 

a result of EK application. Zn, Cu and Ni were characterized by a very low mobility, and their 

concentration remained almost unchanged as a result of EK. Due to the scarce mobilization, 

electrodic solutions contained very low amounts of the investigated ions and concentration 

values were below the detection limit for almost all the elements. The negligible extent of ion 

migration was mirrored by the quite high resistivity displayed by the sediment after a quite 

short time of EK application. 

During  test  6,  metal  migration  during  the  test  took  place  at  a  very  low  extent,  even  if  

Zn,  Cu  and  Cr appeared  to  be  slightly  mobilized.  In  order  to  evaluate  the  effects  of  

increasing  treatment  duration  and conditioning agents dosage, additional runs were performed 

under more severe operating conditions, as it will be described further in text. Due to the low 

extent of metal mobilization, the mass of each investigated metal recovered at the electrodic 

compartments at the end of the test was negligible. Concerning  the  resistivity  evolution  over  

time  (see  Figure  19),  it  reflected  the  scarce  ion  mobilization during the whole test duration, 

being the value increased of a factor equal to 2 during the tests, despite the relevant  amount  

of  ions  added  for  electrode  conditioning. 

Test conditions adopted during test 7, were able to mobilize Zn and Ni from the section close 

to the anode and to the cathode, respectively. Cu was mobilized from the sections close to both 

anode and cathode while Cr mobility was high as well. Such results suggested to perform 

additional tests in order to evaluate the potential benefits arising from longer duration of EK as 

well as higher acid concentration. Considering the direction of ion flow during the treatment, 

it can be observed, in this case all the investigated metals showed a tendency to migrate towards 

the anode as well, even the larger fraction was detected at the cathodic compartment. When 

resistivity is considered, it can be observed that during the EK  

tests a very low resistivity was detected from approximately day 10 to 20. 

The test conditions adopted during test 8 were able to promote Zn migration and, to a lesser 

extent, Cu, Ni and Cr mobilization from the sediment. The analysis of electrodic solution 

evidenced  that  migration  occurred  towards  the  anode  for  all  the  investigated  samples. 

In test 9 the residual content of Zn,  Cu  and  Cr  along the sediment sample at the end of EK 

treatment appeared  to  be  slightly  mobilized  towards  the  electrodes,  as  the  residual  

concentration appeared to be lower for the sections close to the electrode chambers. The 

analysis of anolyte and catholite at the end of the test evidenced that Zn and Cu were mobilized 

towards both the electrodes, while Ni migrated predominantly as cation towards the anolyte. 

In  test  10, the  residual  content  of  Zn  and  Cr  along  the  sediment  sample  at  the  end  of  

EK appeared  to  be  slightly  mobilized  towards  the  electrodes,  while  Cu  was  more  
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significantly removed, with a residual concentration of approximately 350 mg/kg. Metals 

mainly migrated towards the cathode. 

In  test  11,  as  a  result  of  acetic  acid  application,  Zn  and  -to  a  lesser  extent  Cu-  migrated  

towards  the electrodes. For Zn, migration from the section close to the anodic chamber 

appeared to be very relevant, while  Zn  migration  was  directed towards  the  cathodic  

chamber,  even  if  a  fraction  of  the  investigated  metal  was  detected  in  the  anodic 

compartment as well. Similar considerations may be argued for Cu, even if mobilization was 

less pronounced. However, for both the investigated metals, the obtained results suggested that 

a positive effect of further increase of treatment duration can be anticipated. 

Under the operating conditions of test 12, metals appeared to be mobilized towards the 

electrodes to  a  higher  extent  if  compared  to  the  other  runs  of  the  lab-scale  campaign.  

In  particular,  Zn appeared to be significantly mobilized from the sections close to anode and 

cathode, probably due to the effect of low pH conditions that promoted metal solubilization 

and electro migration. Cu, Ni and Cr were mobilized as well, but in the case of Cr the section 

close to the anolyte showed the lowest decrease of concentration. Migration towards the 

cathode of all the investigated metals occurred during the process, while a slight increase of 

electrical resistivity was observed during the test. 

The results of tests 1D to 6D show that the large part of the tested conditions allowed for 

attaining the limits of column B, and in some cases, expecially for Ni, Pb and Cd, the limit of 

column A were attained as well. 

The final sediment pH mirrored the high buffering capacity of the matrix. While for the large 

part of the test the sediment pH remained almost neutral, in test 7, 8 and 11, the acidification 

of the section close to the anode was detected, this suggesting an efficient migration of the H+ 

front towards the cathode. In tests from 1D to 6 D a pH drop below 6 was not observed in all 

the investigated test conditions. 

Medium-scale electrokinetic remediation experiments. Since the small-scale experiments give 

just a global response of the sediments subjected to the treatment, a larger scale setup was 

needed to better study the distribution of parameters in the space (pH, resistivity, metal content) 

and to simulate the final pilot scale setup by an optimized pH control of the electrolytes. The 

electrokinetic experiments were conducted in an acrylic cell, consisting of five principal parts: 

the sediment compartment, the electrode compartments, the anolyte/catholyte reservoirs, the 

electrolyte solution overflow reservoirs and the power supply. Details on the materials and 

methods are reported in Deliverable A.1.3 annexed to the Inception Report. Three medium-

scale experiments were carried out, as in the following table.  

 
 

The outcomes of the experiments is are reported below. They were particularly useful to 

estimate some of the design parameters for the SEKRET pilot scale plant. In particular, a 

precise estimation of the electroosmotic flow developed during the experiments was carried 

out. The value for this parameter ranged from 1.6∙10-9 to 3.1∙10-9 m2V-1s-1  and is a function of 

the conditioning agents used at the electrode compartments. Furthermore, the evolution of the 

resistivity during treatment was estimated. The value of resistivity ranged from 0.5 to 10 Ωm 

and this range was taken as a reference parameter for the design of the electrical supply of the 

pilot scale plant. 
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In the first experiment, 40 A/m2 were applied at the beginning to remove the chlorine from the 

sediment by chlorine gas production at the anode. The pH of the anolyte was 1.5, thus further 

improving the chloride extraction by gas production.  After removing the chloride the current 

density was adjusted to 20 A/m 2  and kept constant till the end of the experiment. After 6 days 

of treatment, the resistivity of the sediments started to raise, reaching a maximum value of 11 

Ωm. This  increase in  the  resistivity is  possibly due to  the  presence of sulphates which  

migrate from the cathode (where they are injected because of the addition of H 2 SO 4) to the 

anode. As they migrate toward the anode they may precipitate inside the sediment and create 

obstructions which prevent the electric current flow. The  chemical  analyses  on  the  sediment  

after  treatment,  in  fact,  show  a  strong  increase  of  the  sulphates content. Furthermore, a 

large amount of precipitates were formed in the cathode chamber, due to the precipitation of 

calcium sulphate (gypsum). SEM and Energy dispersive X-ray spectrometry analysis were 

carried out on the cathode. The composition of each layer was analyzed by X-Ray 

spectrometry, showing that the first layer was basically composed by gypsum, the second layer 

contained also some Mg and Fe, while the deepest layer (layer 3) contained primary Mg 

(possibly as an oxide on the cathode surface). After treatment, no significant removal of 

contaminants was observed. The acid consumption and the electroosmotic flow were 

calculated. In the second experiment the anolyte and catholyte solutions were kept unchanged 

from the first experiment to  evaluate  the  effect  of  the  dilution  of  the  electrolytes  by  

addition  of  a  flow  of  water  inside  the compartments and to evaluate the effect of a longer 

remediation time on the metal removal. Due to the high acid/base buffering capacity of the 

sediment, in the third experiment chelating agents such as EDTA are taken into account to 

facilitate the extraction of heavy metals without changing the natural pH of the sediment.  1M 

EDTA was used in the third experiment and it was injected at the anode together with 5M 

NaOH to increase its stability due to the acidification process in the anode compartment. A 

flow rate of 400 ml/day each chamber was also provided to keep constant the concentration of 

the electrolytes. In particular, it was estimated that the concentration of EDTA in the anode 

chamber was 0.1M at the steady state. Sulfuric  acid  was  added  at  the  cathode  to  keep  the  

pH  low  and  to  prevent  metal  oxide/hydroxide  and carbonate precipitation. The resistivity 

of the sediment didn’t change substantially during the experiment, in fact also the applied 

voltage remained stable. The  acid/base  cumulative  consumption  curve  appear  to  be  linear  

with  time.  This  is  due  to  the  small variations  of  the  parameters  (resistivity,  voltage,  

current  density,  electrode  overpotentials)  during  the experiment. 

 

5.1.2 Action B.1 Design of demonstration plant 

Action B.1 started on 1-1-2014 and was completed by September 2014, with a minor delay on 

the foreseen end of June 2014. The delay was due to the uncertainties on data from the 

laboratory experiments (Action A1.3). The details about the delays were documented in the 

Inception report sent to EU Commission on 26-09-2014.  

The design of the demonstration plant was based on the outputs of the A1.3 Action and the 

beneficiary responsible of implementation was LambdaCons. Based on the laboratory 

experiments, all the plant components were designed: 1) the power supply unit was designed 

based on the estimated required energy consumption, 2) the design of the electrolyte circulation 

circuit, including the semi-permeable wells was carried out, 3) the design of the electrolyte 

management and electrolyte treatment circuits was completed, 4) the gas treatment device were 

designed, 4) the control and automation system as well as the plant management protocol were 

defined.  

This action has been completed by 100% and the results were reported in Deliverable Action 

B.1. “Design and specification of demonstration plant” attached to the Inception Report. All 



21 

 

technical details are given in the documents included in the deliverable, consisting of 3 reports 

and 8 drawings. 

The key elements of the electrokinetic installation are as follows:  

• Ion-permeable electrolyte wells are placed in the basin filled with contaminated dredging. 

The electrolyte wells are connected to a centralized  electrolyte management system (EMS). 

Each well has an electrode inside. The result is alternating rows of anodes and cathodes. 

Electrolytes are circulated in a closed loop between the electrode wells and the EMS. Via 

these electrolytes, pH is maintained at a predetermined value. The electrodes are then 

energized. The water in the electrolytes is electrolyzed, forming H+ ions and O2↑ at the 

anodes, and OH- ions and H2↑ at the cathodes. These ions are then made to migrate through 

the well casing into the dredging to generate a temporary and localized pH shift, which 

desorbs the contaminating ions.  

• Once desorbed, the contaminating ions, as well as all ions and charged particles present in 

the liquid phase of the sediment under treatment, migrate to their respective electrodes, 

under the influence of the potential applied (electromigration). The anions migrate to the 

anodes, the cations to the cathodes. Here they pass through the electrode well screen and 

are taken up by the circulating electrolytes.  

• Critical for the control of system performance is the careful management of the pH and 

other electrolyte conditions within the electrode casings.  

• During the treatment, both electrolytes are progressively enriched of anions and cations, 

thus increasing their salinity. Periodically, they are treated by the electrolyte-treatment 

section to reduce their salinity, including the contaminant ions. The treatment is done by 

Reverse Osmosis (RO), after a proper flocculation-sedimentation-3-stage filtration 

pretreatment. The RO permeate is stored in a tank ready to be used again as electrolyte. 

The RO concentrate (brine) is directed to the drying tubs located on the surface of the basin, 

protected by the transparent plastic cover. After drying, the salts are removed from the tubs 

and stored in sacks for the final disposal. During the complete treatment, approximately 

500 kg of salts were produced, as the only residual produced by the treatment of 150 m3 

(220 000 kg) of sediments. 

The treatment basin is constructed with removable panels of prefabricated reinforced 

concrete. The basin is lined by a HDPE / LDPE membrane and protected by a geotextile. The 

basin is completely covered with a roof and is removable. The electrodes will be installed along 

9 anode rows and 9 cathode rows, with 6 electrodes per row. Distance between the electrodes 

of equal charge and opposite charge will be 1 m. A total of 54 anodes and 54 cathodes will be 

inserted in vertically arranged slotted PVC pipes. The sediment to be treated is placed inside 

the basin with a thickness of 1.25 meters. The armor of the prefabricated elements is electrically 

connected to the cathode to ensure cathodic protection. Length of the electrode connection 

cables is approximately 930 m, while the length of the pipes (Ø 50mm, for circulating anode 

and cathode electrolytes) is approximately 370 m. 

The electrical power system is realized by connecting it to the mains (3-phase 400V AC) with 

a maximum power of 50 kW. The control of voltage and current is achieved by means of 

parallel connected inverters with an automatic control device capable of varying the applied 

voltage in order to maintain a constant voltage, current or power. The device controls the 

voltage to maintain the design value (being defined by means of preliminary laboratory scale 

tests), however without exceeding the voltage of 48V for safety reasons. Subsequently, the 

current is rectified by a diode bridge and applied to the electrodes. 

The electrolyte management system consists of two independent hydraulic circuits for 

monitoring and conditioning of the anolyte and catholyte. Each of the two circuits is equipped 

with a recirculation pump, a system for pH measurement, an automatic device for dosing base 

(anolyte) and acid (catholyte) to keep the pH to the preset operating values. Two 



22 

 

buffer/homogenization tanks are used, one for the anolyte circuit and one for the catholyte 

circuit. The operating pH values are defined by means of laboratory experiments. For both 

circuits a pH of approximately pH = 3 is expected. The anolyte circuit is equipped with a 

chlorine meter. The anolyte tank is confined and connected to the abatement system for the 

treatment of chlorine gas, while the tank of the catholyte is equipped with a vent to atmosphere. 

The electrolyte treatment system is composed of: 

1. a precipitation section, which is used to remove chemical species which are able to 

precipitate under controlled pH conditions. A base is used to increase the pH to a desired level 

to reach the conditions for precipitates formation. The removal of solid precipitates is carried 

out by means of the subsequent filtration section. 

2. a 3-stage filtration section, composed of a sand filter followed by two cartridge filters. This 

is necessary as a pretreatment for the subsequent reverse-osmosis section. 

3. the reverse osmosis section, which is used to control the salinity of electrolytes to optimal 

values. The system is equipped with high-pressure pump and filter cartridge. The treatment is 

operated intermittently. The permeate extracted from the membranes is sent to a refilling tank 

used to replace the exhausted electrolytes. The brine is concentrated in the same precipitation 

tank.  

4. the final solar-drying section, composed of 65 drying tubs, for a total evaporation surface of 

39 m2. The brine produced by the RO treatment is delivered from the precipitation tank to the 

drying tubs. After drying, the produced salts are stored in plastic sacks for the final disposal. A 

total of approximately 500 kg of salts were produced during the treatment. They were landfilled 

at the end of the process. 

The section for the collection and treatment of  gas is dedicated to the control of gas emission 

to the atmosphere (mainly chlorine gas emitted by the anolyte tank). A system of gas pipes is 

installed in the basin for the collection of any gas emitted from the anode wells. The gas is then 

sent to the anolyte tank and through a vent pipe is conveyed to a scrubber. The  gas flux is 

sucked out from the scrubber by a fan, wich constantly creates a slightly depressed atmosphere 

in electrolyte tanks. For safety reasons, the basin is protected with a sealed transparent plastic 

cover, and the gas treatment system is connected to the air volume under the cover as well, in 

order to avoid any accidental emission of gas produced on the surface of the sediment under 

treatment (although no gas emission from the surface of the treatment basin was observed 

during the whole treatment period). The scrubber is a wet-type unit with a recirculating solution 

of sodium hydroxide. A sensor of gaseous chlorine is placed at the gas outflow of the scrubber. 

In case of detection of chlorine gas the system controller (PLC) will promptly stop all processes 

automatically. The gas produced at the cathodes is also collected and it is immediately released 

to the atmosphere to prevent any possibility of a fire hazard. 

The control and monitoring system: the plant is equipped with a control system for the 

management and automation of electromechanical devices. Specific probes are installed for a 

continuous monitoring of process parameters. The dosage of acid in the catholyte circuit is 

automatically performed in order to continuously keep catholyte pH in the target range. All 

operation parameters and operation events are detected, made available in a console that can 

be viewed and controlled locally and remotely and are stored in a database. All set-points can 

be completely controlled locally and remotely as well. In the event of a system malfunction or 

emergency, the control system sends SMS text messages via GSM operators for alarm alert. 

 

5.1.3 Action B.2 Construction and validation of demonstration plant components 

This action started in April 2014 and due to the delays encountered in Action B.1, it was 

completed by May 2015, although planned by December 2014, with an agreed change of the 
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schedule in order to improve the coordination with Action B.3 to avoid any consequent delay 

to Action B.4.  

The responsible for the implementation of Action B.2 was WestSys. The implementation of 

this action involved the assembly and test of all the plant components at WestSys laboratory. 

The following components were assembled: power supply and electrode energization system, 

electrodes, electrode wells, control and monitoring system. All the components were tested in 

laboratory under controlled conditions.  

The construction and validation of the electrolyte treatment section was moved to action B.4, 

as it became necessary after three months from the startup of the plant, and the preliminary 

laboratory experiment showed that some parameters of this section should wisely be redefined 

only after examining the exact characterization of the electrolytes during plant operation. 

This action has been completed by 100 %. The technical documentation relative to this action 

is reported in the Deliverable B.2 “Component Validation Report” annexed to the mid-term 

report. A brief description is reported hereafter. 

Electrical cabin: the main components of the electrical cabin are: transformers, regulators and 

circuit breakers. 

Transformers: the elctrical cabin contains 12 transformers, powered by electrical grid, that 

supply the power regulators. The transformers were tested under two conditions: load 

connected and load disconnected. The load was simulated by connecting several lamps to the 

output in order to reach the requested current value. The successful results of the tests are 

reported in the Deliverable B.2 “Component Validation Report”. 

Power regulators: Gefran GTF 25 A, input 480 Vac. They were tested under two different 

output condition: 5.1 A and 7 A. The output was connected to a rectifier bridge and the output 

of the bridge is connected to the load. The load was a simplified treatment plant with only two 

electrodes, placed inside two slotted pipe and separated by a small amount of sediment. The 

successful results of the tests are reported in the Deliverable B.2 “Component Validation 

Report”. 

Communication test: a test to evaluate the communication between the PC and the power 

regulator was performed. All the power regulators are connected on the same RS-485 bus and 

able to communicate with the PC.  

Electrodes: the plant includes two different types of electrodes Anodes, made of titanium, and  

cathodes made of stainless steel AISI 316. 

Anodes: the anodes where checked and controlled. Electrical connections with bolts and cables 

were tested and result ok. 

Cathodes: the cathodes where welded in the lab, checked and controlled. Electrical 

connections with bolts and cables were tested and result ok. 

Anolyte and catholyte circulating pumps: each electrolyte circuit has two pumps in order to 

push the liquid inside the pipes of the circuit. Since it was not possible to simulate the real 

operating conditions in the lab, the pumps were tested in order to verify the “on” condition. 

The successful results of the tests are reported in the Deliverable B.2 “Component Validation 

Report”. 

Probes (pH, Conductivity, ORP): the plant has four measurement points in which are 

installed 3 probes to measure these parameters: conductivity, pH and ORP. The technical 

specifications are reported in the Deliverable B.2 “Component Validation Report”.The probes 

were tested in the lab measuring a standard solution for conductivity and pH: Test standard 

solution pH 7.00; Test standard solution pH 4.01. Conductivity probes are inductive, so zero 

reference is measured in air: Test standard solution 12880 uS/cm; ORP probes were not test 

with standard solution but only with water. The successful results of the tests are reported in 

the Deliverable B.2 “Component Validation Report”. 
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Communication test: all the probes are connected to 2 different controllers (HACH-LANGE 

model SC1000), six probes to each controllers. The controllers are connected together in order 

to show all the measured parameters on a single display. One of the two controllers is connected 

to the pc through the MODBUS communication protocol.In this way the software that runs on 

the pc is able to gather data from the controllers. A test to evaluate the communication between 

the PC and the Hach-Lange controllers was performed. The software was able to connect to 

the controllers and download the values measured by the probes. 

Air fan: the scrubber fan draws the air from the lower part of the roofing, through the scrubber 

tank and throws the cleaned air outside. The technical specifications are reported in the 

Deliverable B.2 “Component Validation Report”. The fan was switched on in order to verify 

the flowing of the air through the pipes and in the tank. During the test the whole pipeline was 

checked in order to verify possible leakage. All the tests performed resulted ok. 

 

5.1.4 Action B.3 Construction and validation of demonstrative plant 

This action started in April 2014 and was completed in June 2015. The responsible for this 

action was UNIPISA. After the demonstrative plant was designed and the components pre-

assembled at WestSys laboratories (Action B.2), the plant construction was done.  

In this Action (B.3) the project partners (UniPisa, WestSys, LambCons, LiPortAuth) built the 

demonstrative plant. The dedicated area of approximately 500 m2 was prepared to allocate the 

treatment basin. Then, the basin with an effective volume of 150 m3 was built. A protective 

membrane was placed on the bottom of the basin to guarantee the complete absence of 

contaminant leaks to the underground. The sediment volume of sediment to be remediated was 

dredged and entered into the treatment basin. The power supply unit to operate the 

demonstrative plant was assembled and placed in the space adjacent to the treatment basin. The 

hydraulic circuit was built. The electrodes for electric field application for sediment 

remediation were placed inside the wells and connected to the power supply unit. The grid of 

wells and pipes was connected to the electrolyte management system. The latter was assembled 

on site and located adjacent to the basin.  

The EKR basin was ready to be operated and the demonstration of the SEKRET innovative 

technology, with reference to Action B.4, started as planned. 

The construction and validation of the electrolyte treatment section was moved to action B.4, 

as it will become necessary after three months from the startup of the plant, and the preliminary 

laboratory experiment showed that some parameters of this section should wisely be defined 

only after examining the exact characterization of the electrolytes during plant operation. 

Even with delays, the better coordination between Actions B.2 and B.3 allowed the Action B.4 

to start on time, i.e. from the first quarter of 2015. Hence, the slight delays gained did not either 

compromise the successful demonstration of the technology, or affect the timetable of the 

project as a whole, thanks to backup times included in the original timetable . 

A summary of plant construction and validation steps is reported below. 

Preparation of the area. The dedicated area in the Port of Livorno where to allocate the 

demonstrative plant was preliminary prepared in order to build an appropriate basement to 

safely place the prefabricated panels for constructing the basin walls. The superficial layer was 

cleared and an appropriate layer of stabilizing materials was laid down to ensure the structural 

stability of the basin. 

Building of the basin with prefab reinforced concrete walls. The prefabricate panels were 

placed on the dedicated area and these were rigidly connected together through screws and 

bolts. After assemblage the connections were tested and checked to ensure the minimum risk 

of collapse after loading the basin with the dredged sediments. Stainless steel rods were placed 

at the edge of each prefab panel and fixed to the ground, to prevent any wall slipping. After 
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filling the basin with 150 m3 of dredged sediments, the walls were accurately monitored to 

check prefab integrity and the subsidence of the foundation was measured. No differential 

subsidence was observed and the maximum deformation was approximately 2 mm. The overall 

response of the basin to sediment load was satisfactory. 

Setup of the sealing liner. Before filling the basing with the sediments, a geotextile membrane 

with high resistance toward strain and chemical agents was placed at the bottom of the basin 

to guarantee the maximum protection against contaminants leaks from the basin to the ground. 

During basin filling, great precaution was taken to not to damage the sealing with accidental 

falling of dredged material. After filling of the basin, the water content inside the basin was 

constantly monitored to check the sealing. As a further confirmation of sealing resistance, this 

was checked also during plant validation procedures when the water was circulated through the 

basin for hydraulic circuit testing. No losses of water were observed. 

Setup of electrode wells and pipes grid. An interconnected grid of anode and cathode wells 

made up of semi-permeable pipes was built. The grid was directly assembled on site and all 

the connections between the pipes inside the basin were made before dredging. 

Dredging and filling of the basin. Before filling the basing with sediments the outlets pipes 

were closed in order to avoid any leakage of liquids outside the basin. The volume of 150 m3 

was then placed in the basin and left to settle for few days after that the electrodes were placed 

inside the wells. 

Setup of the basin cover. To protect the basin and the sediments from meteorological events 

and to avoid any gas emission to the atmosphere, a cover was installed and fixed to the basin 

walls. Any possible gas emission from the electrode wells is collected and conveyed to a gas 

treatment device (scrubber) installed outside the basin. 

Building of the temporary storage tank. This step, although planned, was not needed because 

the sediment water content after dredging was low enough to avoid water withdrawals from 

the basin.  

Power supply and hydraulic connections. The electrodes were electrically connected to the 

power supply unit installed inside a shelter located adjacent to the basin. The inlet and outlet 

pipes for electrolyte circulation were connected to the electrolyte management circuit. The 

latter was installed on a skid in proximity of the basin. 

Demonstrative plant assembly. The plant component were first pre-assembled and tested at 

WestSys facility. The final assemblage was carried out on site and all the hydraulic and 

electrical connections from and to the basin were made on site. Flow measurement devices 

were installed at the inlet of the basin in order to check the correct operation of each line of the 

hydraulic circuit. The other measurement devices, such as pH meters, conductivimeters and 

temperature sensors were installed as well, to ensure proper control of the processes during 

operation. The plant control and automation is ensured by a PLC installed inside the shelter of 

the power supply unit. The emergencies are also handled by the PLC which will immediately 

stop operation and will send alert messages to the operators in case of failure of plant 

components. Manual safety devices such as emergency buttons were properly placed at 

different locations in the area to ensure the maximum possible safety of the workers. 

Demonstrative plant validation. After installation and assemblage, all plant components were 

checked. First, the hydraulic circuit was successfully tested. The flow rates and the head losses 

inside the hydraulic circuit were in the value range estimated during the design phase and the 

overall operation was as expected. Then the electrical circuit was tested. Each single pair of 

electrode was tested in order to isolate eventual energization failure. All electrode couples 

worked as expected and the electrical parameters (electrical current, voltage and power) were 

all within the limits estimated during plant design. Finally, the electrolyte management circuit 

and the gas treatment device were tested. The reagent dosage devices worked as expected both 

for the electrolyte conditioning and for the gas treatment device. The acid dosage to the 
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catholyte circuit was successfully carried out. The gas treatment device (scrubber) was operated 

with water first to test the effectiveness of the operation and then it was filled with reagent 

(sodium hydroxide) for gas abatement. The air fan was checked and it appropriately collected 

the air from inside the basin.  

All the documentation on the “Construction and validation of demonstrative plant” is enclosed 

in the Deliverable B.3 “Validation Report on Installed Plant” annexed to the mid-term report. 

Due to the delays in Action B.1 and B.2, Action B.3 finished by the second quarter of year 

2015, with a better coordination with Action B.2 (even though planned December 2014). 

Consequently, the Deliverable B.3, with planned deadline on 31-12-2014, was instead 

completed by June 2015. 

 

5.1.5 Action B.4 Demonstration of the SEKRET technology 

Action B.4 started in January 2015, with UNIPISA responsible for the implementation. The  

construction, sealing and commissioning of internal equipment of the treatment basin were 

performed from 26 January to 16 February, 2015 (Action B3). The dredging of 150 m3 of 

sediments was carried out on 17-18-19 February, 2015 and the sediments were conveyed to the 

treatment basin. The time 0 sampling was performed by taking 10 samples immediately after 

the dredging, and preparing a homogeneous mixture of the samples. The samples were analysed 

by the Geochim laboratory. The results of the analyses are reported in the final deliverable of 

Action C1 “Characterization report on treated sediments” together with the official laboratory 

report. 

After the dredging, an additional phase for the leaching out of the salts from the sediment was 

initially planned. Although the authorization for the use of a temporary storage tank was 

requested, this was not granted. Hence, an alternative method for the leaching of the salt was 

adopted by electrokinetic removal of the major ions responsible for the salinity of the sediment 

(mostly Na and Cl). It was demonstrated in laboratory that these ions migrate toward the 

electrodes under the effect of an applied electric field and are removed in the first stage of the 

electrokinetic treatment.  

After filling the treatment basin, the basin was covered and the plant was completed with the 

external equipment (Action B3, sections of energizing, electrolyte recycling and conditioning, 

gas emission treatment and control, scada system) and validated, as reported in the Deliverable 

B.3. The electrolyte treatment section, as explained later, was delayed so as to redesign it on 

the basis of the first operational data.  

The time 0 sampling was performed by ARPAT on 20 June 2015. The results of the analyses 

are reported in the final deliverable of Action C1 “Characterization report on treated sediments” 

together with the official laboratory report. 

The EKR demonstrative plant started its operations on 13th July 2015. The operational phase 

faced several unexpected problems mainly related to chemical corrosion and chlorine 

generation control, which caused several temporary breakdowns, which were promptly solved 

without significant loss of time. During the first months of operation, several samples of 

electrolytes were collected and analyzed in order to properly design the electrolyte treatment 

section. This activity caused some delays mainly because the increase of salinity was faster 

than expected, requiring a different type of electrolyte treatment than that used in more 

conventional EKR plants aimed at treating soils. It was evident that the initial idea of removing 

only the target heavy metals from the electrolytes by chiariflocculation/chelating-exchange-

resins was not possible, as the main problem was the increase of salinity due to different macro-

components such as Fe, Al, Ca, Cl etc., which caused an increase of electrical conductivity 

with loss of treatment efficiency.  
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A different type of electrolyte treatment section (including a reverse osmosis plant, a pre-

treatment/conditioning/filtration tank and a set of solar evaporation tubs) was designed in the 

months of November-December 2015. The maximum evaporation capacity was estimated as 

ranging from 2 m3/month in winter to 8 m3/month in summer without reverse osmosis (RO), 

and twice as much with RO. 

During the month of December 2015 a major problem was caused by the malfunction of a level 

sensor, which caused an excessive refilling of the plant with 8 m3 of tap water. Part of this 

water was removed from the plant and temporarily stored in four tanks of 1 m3 each. The 

remaining part was left in the plant. The disposal of all this saline water as liquid waste was 

considered too expensive, apart from being not environmental-friendly, with the risk of 

compromising the budget of the project. It was decided to wait for complete implementation 

of the evaporation tubs in order to dispose the extra water by solar evaporation. In the meantime 

it was decided to stop the plant because the excessive salinity of electrolytes was causing a 

significant reduction of treatment effectiveness, with a concrete risk of exceeding the project 

budget for excessive electric energy consumption.  

The electrolyte treatment section was installed, completed and successfully tested in March-

April 2016. 

Action B.4 faced several problems which caused a significant delay, so as to require a Request 

of Amendment to extend the whole SEKRET project by 10 months, up to end of October 2017. 

The problems and the countermeasures undertaken are described herein. All the problems were 

resolved, and the plant was restarted on 12th April 2016, including the electrolyte treatment 

section which was positively implemented and tested. While the described problems caused a 

reduced efficiency during the first months of operation due to excessive salinity of the 

electrolytes, the analyses conducted (and reported in Annex to the first Progress Report) 

demonstrated that the pH conditioning of the sediment under treatment was effective, and that 

the target metals were transported to the electrolytes, hence demonstrating that the plant was 

working well. 

Since April 2016 the treatment went on quite smoothly, apart from some minor contingencies 

which were promptly solved. 

Among others, there were several corrosion problems that involved the scrubber, the electrolyte 

recycling pumps and circuits and several probes of the SCADA system. 

In August 2016 a strong wind destroyed the plastic covering of the basin, which was promptly 

replaced. During the treatment, several samplings of sediments under treatment, electrolytes 

and gas emissions before and after the scrubbing treatment were performed. The complete 

collection of the results is reported in Deliverable of Action C1 “Characterization report on 

treated sediments”. The treatment was completed at the end of May 2017, and the plant was 

definitively switched off. In the months of June and July 2017 the final characterization was 

performed, with an extended set of samplings of the treated material, including the final 

sampling performed by ARPAT on 15 June 2017. Since the permit issued by the Regione 

Toscana (Decree 3417 of 6 August, 2014) demanded the treated sediments, irrespective of the 

level of contamination reached after the treatment, to be landfilled, in the month of August 

2017 the homologation of the sediment to be landfilled was performed, with two further 

characterizations performed by GENESI laboratories and AMBIENTE laboratories. 

In the months of July and August, most of the equipment was disassembled and removed from 

the plant site by WestSystems. 

On 8 September, 2017 the plant cover was disassembled in preparation to the transport of the 

treated sediments to landfill. 

On 11 September, 2017 the treated sediments were removed from the plant, transported and 

disposed in the Rea Ambiente landfill, mixed with the only produced waste that was 
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approximately 500 kg of concentrated salts produced by the drying of exhaust electrolytes and 

scrubber fluid in the evaporation tubs. 

From 12 September to 13 September, 2017 the basin was disassembled and the precast concrete 

elements, as well as the plastic cover and the fence were withdrawn by the company the were 

rented from. 

On 13 September, 2017 the site was completely cleaned and restored to the same state it was 

before the beginning of the project, as demanded by the permit issued by Regione Toscana. 

On 18 September, 2017 WestSystems withdrew the last  plastic material to be disposed from 

the site. All the activities of action B.4 were completed on time by the expected end date of 

August 2017. The evaluation of treatment results, including all analyses, energy and chemical 

consumption and production of waste is reported in the final deliverable of Action C1 

“Characterization report on treated sediments”. 

 

5.1.6 Action B.5 Development of policy-oriented recommendations  

This action started in the third quarter of 2015 as originally planned, with the preparation of an 

introductory part (including the outline of the market analysis) and the collection of general 

data from plant construction and validation. However, its execution slowed down for two 

reasons: 

1. the results of the first part of plant operation performed in action B.4 were controversial (as 

explained in 5.1.5) and required some revision prior of taking results to be included in the 

foreseen policy-oriented recommendations; 

2. the foreseen responsible of this action, TuscanyReg, faced some problems related to 

acquisition of external personnel and the displacement of internal personnel (due to 

Governmental measures released to contain the expenses of public institutions). 

The latter problem was solved by moving from TuscanyReg to UniPisa the responsibility and 

most of the activity required to perform Action B5. For the continuation, TuscanyReg will only 

provide support to UniPisa for normative issues and acquisition of the necessary contacts. In 

addition, some budget was moved, in order to make more time for internal and external 

personnel available to UniPisa to perform the Action. This change was agreed between the 

Coordinator and the Responsible of TuscanyReg on 22 March 2016. It will include changes on 

Internal personnel, external personnel and overheads, as detailed in section 6. UniPisa acquired 

an external researcher aimed at contributing to the development of this action. 

The “Interim Best Practice Report”, deliverable of Action B.5, was successfully prepared in 

time according to the new deadline (31/10/2016) and it is attached to the present Progress 

Report. The characteristics and operational experiences deriving from the first months of 

operation of the demonstration plant implemented in the "SEKRET" life project was analyzed 

for electrokinetic treatment. Because of the electrolysis reactions, the dosage of conditioning 

agents and the transport phenomena due to the electric field, the electrolytes are enriched with 

the removed contaminants and other macroelements, making it necessary to manage them. 

The main process is the reverse osmosis treatment to regenerate the electrolyte by breaking 

down its conductivity. The design of the reverse osmosis plant was carried out taking into 

consideration the most critical aspects of the electrolyte, namely the extremely acidic pH, the 

high salinity and the presence of chlorine and suspended solids. The feasibility of a treatment 

with ion-exchange resins for the removal and / or recovery of metals transferred from the 

sediment to the electrolyte during reclamation was also analysed. Although it is a very 

promising option, in the present case it was not implemented because the recovery of heavy 

metals was considered of little convenience, due to the low concentrations of metals found both 

in the liquid and in the solid matrix (sediments). The reverse osmosis treatment is therefore 

configured as an optimal management option in the case under examination and allows both to 
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limit the volumes of liquid to be disposed of and to produce water with low salt content in place 

of the exhausted electrolyte, increasing the effectiveness of the electrokinetic process. The 

disposal of the concentrate was effectively and simply carried out by means of solar 

evaporation tanks. 

According with the results obtained with plant operation, an operative protocol and a set of 

guidelines were developed to be used as a base for an updated legislative framework on 

polluted sediment handling and treatment. Various permits need to be acquired or notifications 

given before soil remediation can be carried out. We list these in the “Final best practice report” 

of Action B.5. The process parameters are monitored during remediation, following a 

monitoring plan developed specifically, in particular the process parameters in the container as 

well as the field parameters. This is primarily in order to track the remediation process and if 

necessary make changes to it. The secondary intention is to determine whether the end result 

is being achieved. The intention of the monitoring plan is to make clear to the environmental 

technician which process parameters need to be collected and sampled and with what 

frequency. The plan usually consists of a block diagram setting out the action to be taken and 

the time. The standard unit of time is one week. Finally, best practice on sampling is reported 

and attention was pointed out on the following aspects: malfunctions and problems of the 

facility operation, environmental technology problems, climatological conditions and problems 

with the purification system. 

 

5.1.7 Action C.1 Monitoring and characterization of treated sediments 

Action C.1 started earlier than the planned starting date (01/05/2017). The sampling campaign 

started and it involved the complete characterization and analyses of all the environmental 

compartments, i.e., solid phase (sediments), liquid phase (catholyte and anolyte) and the gas 

phase (gas emissions). The sediment samplings were carried out with a frequency of about 5 

months between one sampling and the next. The expected frequency was slightly higher 

(expected every 3 months) and it was decided to increase this frequency to 5 months in order 

to increase the number of samples taken each sampling campaign. This choice was due to the 

high heterogeneity of the sediments, which required more samples to be taken in different 

locations of the basin in order to have consistent results from the chemical analyses. On the 

contrary, the liquid samples were taken more frequently than expected (about one month 

instead of 3 months as originally expected). All the samplings of the gas emissions were 

successfully completed. All the results of the analyses were timely completed and they are 

included in the “Characterization report on treated sediments” deliverable to action C1, which 

is attached to this final report. A synthesis is reported herein. 

Action C.1 demonstrated the efficiency of the EKR technology in removing heavy metals with 

a steady monitoring activity and chemico-physical analyses performed. The project monitoring 

and assessment during the 375 days EKR pilot installation operations was performed at short-

term level: every 5 months a sampling campaign of the solid and aqueous phase was carried 

out to assess the level of heavy metal concentration abatement, continuously demonstrating the 

efficiency of EKR technology. Moreover, the power consumption and the energetic 

expenditure was continuously assessed to demonstrate the financial feasibility granted by this 

innovative technology. The monitoring activities was demonstrate the achievement of the 

removal of many pollutants by means of the performing of chemico-physical analyses.  

The test reports of the chemical analyses are presented in the annexes to the “Characterization 

report on treated sediments” deliverable to action C1. 

The final dismantling of the demonstrative plant, as well as the transport and disposal of treated 

sediments to landfill, as requested by the Tuscany Region within the permit of the plant, was 

included in this action. 
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The sampling campaign started and it involved the complete characterization and analyses of 

all the environmental compartments, i.e., solid phase (sediments), liquid phase (catholyte and 

anolyte) and the gas phase (gas emissions). The sediment samplings were carried out with a 

frequency of about 5 months between one sampling and the next. The expected frequency was 

slightly higher (expected every 3 months) and it was decided to increase this frequency to 5 

months in order to increase the number of samples taken each sampling campaign. All the 

samplings of the gas emissions were successfully completed (5 samplings out of 5 expected). 

 

Operative condition 

The pilot tests started in July 2015 and ended in April 2017 with a continuous operation of 

about 375 days. 

In the following table some operative conditions used for the tests are reported. 

 

Operative conditions 

Current density 4 - 5 A / m2 

Maximum voltage 20 - 30 V 

Electrolyte conditioning nitric acid dosage 

Gas treatment sodium hydroxide scrubber 

Electrolyte treatment reverse osmosis with solar drying 

 

Control activites 

The plant was equipped with a control system for the management and automation of 

electromechanical devices. Specific probes were installed at various locations of the system for 

continuously monitoring the process parameters. 

They consisted of:  

• flow rate measurement devices (rotameters), installed at the inlet of the basin in order to 

check the correct operation of each line of the hydraulic circuit. A total of 14 rotameters 

were installed, 7 in the catholyte circuit and 7 in the anolyte circuit. The flow meters operate 

on the float principle and were used for flow rate measurements in each pipeline. The 

medium flows through the vertically installed flow meter from bottom to top. This raises 

the float and shows the flow rate on the scale of the measuring device;  

• four pH probes, installed on the main electrolyte circulation pipes, two at the outlet of the 

basin (one for catholyte and one for anolyte) and other two at the basin inlet, downstream 

the electrolyte management system. Another probe was installed to monitor scrubber 

feeding solution;  

• electrical conductivity, ORP and temperature probes, installed in the same locations where 

pH probes were installed;  

• pressure probes, installed at the outlet of electrolyte circulation pumps;  

• ultrasonic level sensors, installed to monitor electrolyte level inside the two main 

electrolyte tanks; 

• one chlorine sensor, installed at the scrubber outlet to monitor chlorine gas emissions 

continuously.  

A supervisory control and data acquisition (SCADA) system controls all the electromechanical 

devices and ensures that the system operates at selected set-points.  

The time series of all the monitored parameters were stored in a database. Operating parameters 

A current density of 4–5 A/m2 is applied 24 hours a day, seven days a week. At these current 

densities, the electrical current on each electrode is about 10 A. This current intensity cannot 

be further increased to prevent electrolyte overheating and to avoid excessive chlorine 

generation. The operating pH is approximately pH 3 for catholyte and pH 2 for anolyte. Nitric 



31 

 

acid is added at the catholyte to maintain the set-point pH. The electrolytes are circulated at a 

flow rate of 1000–3000 L/h each line, which guarantees the minimisation of the pH differences 

between the input and output of each circulation line. 

 

Schedule of monitoring and Analyses 

Regarding the scheme in the following figure, it is possible to select the components of the 

pilot plant which must be controlled by means of the monitoring plan. 

 

 
Simplified diagram of the LIFE SEKRET plant 

 

During the pilot tests, the chemical analyses below were performed: 

• Analyses of sediments: pH, water content, electrical resistivity, heavy metals (Cr, Cd, Ni, 

Pb, Zn, Cu), nitrates, nitrites, ammonium, chlorides, macroelements (Ca, Fe, Mg, Si, Na); 

• Analyses of electrolytes: pH, electrical conductivity, redox, heavy metals (Cr, Cd, Ni, Pb, 

Zn, Cu), nitrates, nitrites, ammonium, chlorides, macroelements (Ca, Fe, Mg, Si, Na); 

• Analyses of exhaust gas emission: flow rate, temperature, humidity, chlorine, ammonia, 

total carbon, nitrogen oxides, sulfur oxides, hydrogen sulphide, oxygen, volatile organic 

compounds. 

Below the dates corresponding to the different analyses are reported: 

• 2015-05-14 - Tap water collected from Port water main connection of SEKRET plant, 

• 2015-05-14 - Composite sample of sediment collected during dredging, 

• 2015-06-22 - Time 0 sampling of sediment performed by ARPAT, 

• 2015-09-09 - Exhaust gas emission analyses performed by ARPAT, 

• 2015-09-29 - Analyses of electrolytes, 

• 2015-10-19 - Analyses of electrolytes, 

• 2015-11-05 - Sediment chemical analyses and pH detection, 

• 2015-12-01 - Analyses of electrolyte to be disposed 

• 2015-12-01 - Analyses of electrolytes 

• 2016-04-01 - Analyses of sediment and electrolytes 

• 2016-09-15 - Exhaust gas emission analyses  

• 2016-12-22 - Exhaust gas emission analyses 

• 2017-03-30 - Exhaust gas emission analyses 
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• 2017-07-12 - Analyses of sediment 

• 2017-08-03 - Analyses of sediment 

• 2017-10-27 - Analyses of electrolytes 

 

Real-time monitoring 

The pilot tests started in July 2015 and ended in April 2017 with a continuous operation of 

about 375 days. Because of an interruption in the testes period it was necessary to estimate the 

cumulative days of activity. 

During the pilot tests, the SCADA system monitored the parameters continuously. 

Thanks to SCADA it was possible to account for the acid doses during the period of activity of 

the demonstration plant. The duration of acid dosing, quantified thanks to the cumulative hours 

of activity of the relative pumps, was approximately 178 h. The corresponding value of acid 

was estimated considering a constant pump flow as 5,7 m3 which corresponds to the supplied 

quantity. 

 

Plan of Sediment samples 

The physico-chemical properties of the sediments are reported in the Annexes to the 

deliverable. 

The values refer to samples collected at several locations of the treatment basin, which were 

subsequently homogenised to a single sample. Due to the high degree of sediment 

heterogeneity, sample properties have proven to be significantly dependent on sampling 

location. The sediments present characteristics similar to those used in the laboratory-scale 

experiments, since both sediments were sampled from the same area of the port. The sediments 

used in laboratory were manually dredged from the seabed, from a surface layer of about 10–

20 cm height.  

On the contrary, the 150 m3 sediments dredged for field-scale treatment were collected with a 

large grab dredge able to reach depths higher than those reached with the manual sampler. The 

sediment was dredged from an area in the harbour classified as highly polluted by heavy metals, 

after the in-depth analysis and controls performed by ICRAM between 2003 and 2005. 

However, the material dredged for the pilot EK treatment (collected in early 2013) ended up to 

be lowly contaminated. All measured levels were below the threshold concentrations set by the 

Italian regulations for industrial and residential reuse of soils and sediments (D.Lgs 152/2006). 

For this reason the expected results of LIFE SEKRET did not completely reach their target in 

terms of percentages of abatement due to the low content of initial pollutants. 

 

Results: 

Analyses of sediment - pH trend of anode and cathode 

The pH of sediments was detected at three different times: days 74, 195 and 375. 

This analysis was based on the average pH value (with relative standard deviation) for each of 

the three characteristic points sampled within an anode-cathode section (i.e. at a distance of 10, 

50 and 90 cm from the anode). In order to better represent the results obtained, the mean and 

standard deviation values have also been shown graphically in correspondence with the 

distance normalized by the anode of the generic section. 
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pH trend at 74, 195 and 375 days 

 

As the time increases, the pH of the sediments between anode and cathode decreases. 

 

Treatment result 

The results of the chemical analyses carried out in the external laboratory were based on the 

samples of sediments. The data were processed to provide an overview with the sampling point 

of the generic AN-CAT section as reference. 

In addition to the variation in the concentrations in space, it was possible to relate data 

regarding the different treatment periods in order to observe the variation in the concentrations 

also over time. 

The graphic profiles, shown in the following figures highlight crucial details demonstrating a 

good electrokinetic process. 

 

 
Results of Zn decontamination 

 
Results of Ni decontamination 

 
Results of Pb decontamination 

 
Results of Cd decontamination 
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Results of Cu decontamination 

 
Results of Cr decontamination 

 

In the following table the initial characterization of the sediments, used to calculate the 

percentages of abatement per pollutants are reported. 

 

Initial concetrations of sediments 
Initial concentration average [mg/kg] 

Cr 51 

Ni 38,8 

Cu 55,1 

Zn 112,2 

Cd 2 

Pb 27,6 

As 14,3 

Hg 7,1 

 

Immediately, with the first set of samples at the day 74th, Hg was not detected, therefore 

removal is equal to 100%. Also the As has been detected almost immediately equal to 0.2 

mg/kg, presenting this a high abatement efficiency equal to 98%. 

Referring to the values reported in the table and the final concentrations described in the 

profiles, it was possible to calculate the percentages of removal of the examined elements. 

The results of the decontamination can be summarized in the following list: 

• Cadmium (Cd): 75.45% 

• Nickel (Ni): 11.38% 

• Lead (Pb): 47.75% 

• Copper (Cu): 87.66% 

• Zinc (Zn): 57.71% 

These percentages were calculated by average results of the final chemical analyses, sampled 

in the three AN-MIDDLE-CAT positions per each portion of the treated material. 

During the pilot test a reduction in the sediment volume of 19% was detected, leading to a 

halved space needed for their disposal. 

 

Analyses of electrolytes 

In LIFE SEKRET project, the results of chemical analyses related to the liquid matrix, used in 

the decontamination process, allow concrete analytical conclusions in order to verify the 

correctness of the chemical analyses carried out on the sediments. 

The analyses carried out on the various samples of electrolytes sampled in various instants 

during the operation of the process (and at the end) are reported in the deliverable annexes. 

The characterization of the electrolytes shows that the process of decontamination of the 

sediments, by means of the electrokinetic technique, was been enriched with numerous 

elements (including metals) that were detected within the solid matrix. As expected, the AN 

nitrates increased during the tests period. 
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Analyses of gas emissions 

The performed gas analyses confirmed that no significant Cl emissions were detected in the 

monitoring period, due to the efficiency of the scrubber. 

The real time monitoring was also verified by means of the chemical analyses performed by a 

external laboratory (see deliverable annexes). 

 

Energy and chemicals consumption 

During the tests, it was possible estimate the energy and chemicals consumption. 

In particular, the energy consumption was detected to be about 165 kWh/m3. 

Concerning the chemicals consumption, 6 m3 of nitric acid (40 l/m3) were used from the anode 

and 3 m3 of sodium hydroxide (20 l/m3) from the cathode during the entire period. 

 

Estimate of the treatment costs 

During the pilot tests, it was possible to calculate the management costs and building costs, 

summarized in the following table. The treatment costs are evaluable ranging 60-150 €/m3. 
Costs 

Anodes 150 €/m 

Cathodes 25 €/m 

Tubes 20 €/el 

Reagents 0.15 €/L 

Electric energy 0.1 €/kWh 

Electrode amortization 20 % 

 
Discussion and conclusion 

The targeted results of this action C1 are achieved excluding the percentage of abatement of 

pollutants that had been optimistic.  

Indeed LIFE SEKRET has reached abatement percentages lower than those expected, as 

reposted in the following table. 

 

Percentage of abatement of pollutants 
Pollutant percentage achieved percentage targetted 

Cadmium (Cd) 75.45% 80% 

Nickel (Ni) 11.38% 95% 

Lead (Pb) 47.75% 80% 

Copper (Cu) 87.66% 95% 

Zinc (Zn) 57.71% 95% 

 

With the first set of samples at the day 74th, Hg was not detected, therefore removal is equal 

to 100%. Also the As has been detected almost immediately equal to 0.2 mg / kg, presenting 

this a high abatement efficiency equal to 98%. 

It is also noted that in 150m3 of sediments, PAHs have never been detected. Therefore no 

abatement efficiency was calculated in this regard. 

This discrepancy is due to the fact that the sediments used in the first characterization were 

manually dredged from the seabed, from a surface layer of about 10–20 cm height.  On the 

contrary, the 150 m3 sediments dredged for field-scale treatment were collected with a large 

grab dredge able to reach depths higher than those reached with the manual sampler. The 

sediment was dredged from an area in the harbour classified as highly polluted by heavy metals, 

after the in-depth analysis and controls performed by ICRAM between 2003 and 2005. 

However, the material dredged for the pilot EK treatment (collected in early 2013) ended up to 

be lowly contaminated. All measured levels were below the threshold concentrations set by the 

Italian regulations for industrial and residential reuse of soils and sediments (D.Lgs 152/2006). 
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For this reason the expected results of LIFE SEKRET did not completely reach their target in 

terms of percentages of abatement due to the low content of initial pollutants. 

Despite the low pollutant concentrations, the pilot tests have positively shown that the chosen 

technology is satisfactory and reliable because, however, the EK treatment has reduced the low 

concentration of pollutants. The results of electrolyte and gas emission monitoring also confirm 

the success of the EK treatment. A reduction of the sediment volume of 19% was detected, 

leading to a halved space needed for their disposal. 

 

5.1.8 Action C.2 Validation of the demonstrated technology with 6 more types of 

polluted port sediments 

Action C.2 started on 1/10/2014 as scheduled, and went on until the end of the project, on 31 

October, 2017. The Action was carried out under the responsibility of  UniRoma1 with the 

support of UniPisa and Lambdacons. The purpose of the action was that of evaluating the 

applicability of the EK process for the treatment of polluted sediments different from those 

tested during Action A1. 

The present paragraph discusses the activities of Action C2, carried out with the aim of 

evaluating the feasibility of the electro-remediation treatment of sediment samples different 

from those tested during Action A1.2 and A1.3.  

Stemming from results attained during the first part of the SEKRET project, the present 

experimental campaign was performed using EK cells designed so as to improving the quality 

of the experimental dataset. To this aim, larger EK cells, equipped with sampling tubes along 

the sediment, were put into operation. EK tests were carried out by adding chemical agents 

(selected on the basis of the evidence gained from the Action A1.3) in one or both the electrodic 

chambers, and treatment duration was prolonged up to 90 days so as to allow metal migration. 

The whole set of EK tests were carried out at a high current value, equal to 20 A/m2, so as to 

promote the attainment of chemical equilibria favouring metal mobilization, even if the 

treatment duration was quite high. However, as evidenced by the analysis of the results attained 

during Action A2, the sediment chemical-physical properties make the adoption of severe 

operating conditions compulsory in order to improve remediation yields; consequently, high 

current intensity, high chemical dosages, high treatment duration, were adopted.  

The following activities have been carried out in the framework of Action C2:  

• contacts with several Port Authorities and stakeholders 

• collection of six sediment samples from dredging works in different Italian sites;  

• characterization of samples to be tested; 

• put into operation of the new EK cells, equipped with a number of auxiliary systems to 

improve the EK process monitoring;  

• design and implementation of a new system for resistivity data acquisition during the EK 

test.  

The activities carried out under Action C2 were carried out with the external support of the 

University of Cagliari, Department of Civil and Environmental Engineering and Architecture. 

 

C2.1 Collection - characterization of 6 sets of polluted samples from different polluted ports 

Six types of sediment samples have been identified and collected for the activities of task C2.  

A number of administrative and technical issues made the identification and collection of 

additional samples a complex task. The slow and complex procedures to get the permit to have 

access to the area and to the material, the type of material contamination, the grain size 

distribution and the feasibility of collecting relatively small amounts to be delivered to the 

laboratories, slowed down the process of sampling new sediments for the test. A number of 

port Authorities and operators were contacted by phone and e-mail, including the Authorities 
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of the following harbours: Civitavecchia, Ravenna, Messina, Napoli, La Spezia, Taranto and 

Piombino.  

The six samples collected include: 

• two sub-samples of Livorno harbour (named L1 and L2);  

• a sample from La Spezia (LS);  

• one sample from Napoli (N); 

• two sub samples from Piombino harbour (named PMB1 and PMB2). 

 

Details on methods and procedures adopted during sample processing (homogenization and 

sub-sample preparation) have been already provided in Action 1.2 and 1.3.  

The following sub-samples have been thus thoroughly characterized by the Universities of 

Rome and Cagliari:  

• 1 sub-samples from La Spezia harbour (approximately 10 kg).  

• 2 sub-samples from Napoli harbour (approximately 15 kg each). Sediment are composed 

of fine graded particles collected from the top layer of the confined disposal facility. 

• 2 sub-samples from Livorno harbour (approximately 10 kg each).  

• 2 sub-samples from Piombino harbour (approximately 15 kg each). Sediments were 

sampled from the top layer of the confined disposal facility located in Piombino harbour. 

 

Sediment characterization results 

The analytical methods and procedures have been extensively discussed in the report of Action 

1.2, thus no detail is provided here. 

The sediment samples collected are characterized by a mild contamination due to the presence 

of metals above the background concentration, as stated by ISPRA in 2006 (see the book 

“Manuale per il Dragaggio e la Movimentazione dei Sedimenti Marini”.  

All the EK tests were performed using acidic solutions as conditioning agents, so as to 

promoting metal de-adsorption and migration towards the electrodes. Moreover, the acidic 

agents were added at the highest dosages. 

The metal-speciation results revealed that Pb is mainly bound to the less mobile fraction 

(residual) for the whole set of investigate samples. It may be inferred that the presence of Pb is 

related to the presence of fragments of equipment and parts of ships (anchors, paintings and so 

on). Cu, Cd and Zn are conversely bound to the exchangeable fraction, as well as to oxides and 

organic matter, thus suggesting a higher mobility compared to Pb. Cr is mainly associated to 

the less labile forms for all sediments except for sample N and this indicates that some intensive 

metal mobilization treatment would be required to achieve adequate remediation performances. 

The sediments were mainly composed of fine sand except for sample PMB2 that mainly 

contained clay and silt particles. All samples were considered suitable for the EK treatment. 

 

C2.2 Lab-scale electroreclamation tests of the 6 sets of polluted samples 

A new series of EK cells was designed in order to evaluate the feasibility of the remediation 

technology to more sediments samples. The new cells, larger than the ones adopted during 

action A2, have been designed so as to allow for a thorough investigation of the process, as a 

number of additional systems for EK system monitoring and characterization have been 

developed. The newly developed monitoring system of the EK process, is composed of two 

different equipment.  

The first one is aimed at allowing the sampling of the liquid solution along the sediment length. 

Chemical characterization of the circulating electrolytic solution in terms of both pH and 

elemental composition, will provide useful information on the extent of metal mobilization and 

migration along the specimen length during the EK treatment. The second of the two 

monitoring systems is aimed at improving the measurement of sediment resistivity evolution 
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during the EK test. The analysis of the results gained during Action A2, has evidenced the 

instability of the measurement of resistivity during the large part of the EK tests. In fact, some 

variations of the resistivity values as measured by the system appeared to be unexpected and 

hard to be interpreted and justified. Moreover, a number of critical issues have been 

experienced with the accuracy and robustness of the measurement device and the related data 

logger. In particular, measurement electrodes polarization and corrosion adversely affected the 

quality of the data set. A round robin phase has been carried out with staff from the geophysical 

laboratory by using more accurate and precise instruments to measure sample resistivity. Such 

a phase was aimed at monitoring the effect of both the electrodes polarization and the presence 

of chemical agents on the quality of the measured data.  

 

EK test results 

A total of 19 tests were performed in both UniRoma and UniCagliari (in particular tests 23, 24, 

25, 31, 36 and 39) laboratories and the results of EK tests in terms of contaminants mobilization 

are shown and discussed here and in Action C1.2 report. 

 

Tests 21, 22 and 23 

The results attained using HNO3 (T21), HCl (T22) and acetic acid (T23) on sediment of La 

Spezia (LS) at the cathodic chamber of the large EK tests and prolonging treatment time up to 

90 days are reported below.  

The tested conditions in test 21 and 22 appeared to mobilize contaminants towards the cathode. 

For Cu, Ni and Zn in both tests, this trend results more pronounced, while the removal of Cr, 

Pb and Cd was slight. At the end of Test 22, a certain amount of solution was found in the 

drainage pipes along the sediment, so as a more accurate measurement of pH values along the 

sediment was acquired, and a more reliable pH was inferred. The result showed that despite 

the acidic front migration was quite visible, the section closer to the cathode was at the highest, 

even low (pH ~4 units), pH conditions. 

The cumulative amount of trace metals and macro-elements at the cathode as a function of time 

or cumulative Energy evidenced that for the large part of elements a plateau in the migration 

was not reached. Thus, prolonging treatment duration over time would probably imply further 

metal mobilization, even if the treatment costs would significantly increase. 

The results attained in test 23 revealed a pronounced acidification of the sample, with a final 

pH roughly lower than 4 for the whole sediment sample and approximately equal to 3 close the 

anode and a slight mobilization of Ni, Cu, Cr and Zn was observed. However, comparing the 

results with those of T21 and T22, the direction of the metals during the EK treatment was less 

evident when acetic acid was added as conditioning agent. Such a result may be interpreted 

taken into account the possibility that complexed metal forms negatively or positively charged 

have been formed in the presence of such a weak acid. 

 

Test 24 and 25 

The results observed using HCl (test 24) and acetic acid (test 25) on sediment of Livorno 

(subsample LIV2) are reported below. 

The two tests evidenced that metal mobilization and removal were dependent on the operating 

conditions in terms of type of extracting agent. At the end of test 24 the final pH values of the 

sediment was relatively high: the pH values were approximately 7 for the whole specimen 

except for the section A, where the pH was lower (pH=3.6). In general the mobilization was 

quite low for all contaminants. 

Conversely test 25 evidenced good results in terms of metal removal. The extraction of Cd, Cu 

and Pb was over the 50%, on the other hand the removal of Cr, Ni and Zn was lower than 20%. 

According to the results of turbotest described at the beginning of the paragraph and carried 
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out with HCl, an accumulation of metals removed was observed in the anodic compartment, 

likely due to the formation of Cl-complexes.  

It is interesting to note that despite the sediment pHs at the end of the two tests were similar, 

the removal yields attained in test 25 were higher. This result indicates that the use of strong 

acid as conditioning agent produces a faster mobilization of contaminants. 

 

Tests on Napoli (N) sample  

An extensive experimental campaign was carried out on the N sample. A total of 6 tests (from 

test 26 to test 31) were performed varying type of enhancing agent, duration time and mode of 

addition of extracting solution.  

Test 26, performed in unenhanced condition, evidenced the slight contaminant mobilization 

and it was conducted with the purpose to compare the behavior of unenhanced and enhanced 

systems. The duration was only of 35 days due to the increase in the electrical resistivity of the 

system that hindered the circulation of the electric current, reducing almost to zero. The results 

confirm the poor metal mobilization performance observed in tests carried out in similar 

conditions (test 1 and test 1D). this behavior was likely related to the pH profile established 

along the sediment at the end of the process, which was found to lie at strongly alkaline values 

in most of the cell length. In particular, with the exception of section S1 (close to the anodic 

compartment), sediment pH was always higher than the initial value. This indicated that, while 

the migration of the acidic front was prevented by the buffering effect exerted by the solid 

material, the basic front was on the other hand free to penetrate farther into the specimen, 

causing for most sections pH to increase from the natural value of sediment. 

Under the conditions of test 27, an increase of metal mobilization toward the cathodic 

compartment was observed. Ni appeared to be significantly removed (44.3%), but the 

extraction efficiency of the other contaminants remained still poor (under 28%). These results 

were likely related to the pH of the sediment at the end of the test, that was slightly decreased 

(the section pHs were ranged between 5.82 and 6.62) due to the high buffering capacity of the 

sample. 

Test 28 evidenced similar results in terms of final sediment pH than test 27 (except for section 

S1 where the final pH was lower) but the removal efficiencies were slightly higher.  

We have to underline that tests 27 and 28 were performed in similar conditions except for the 

mode of HNO3 addition. These results evidenced that the mode of acid addition to the system 

had a relevant effect on the formation and migration of the acidic front.  

Test 29 was carried out in the same operating condition of test 27 except for the type of acid 

used (HCl). The results evidenced a mobilization of Cd, Ni and Zn towards the both electrodic 

compartments, conversely a slight removal for Cu, Cr and Pb was observed. In general the 

extraction efficiencies resulted lower than test 27 confirming the evidence observed in test 22 

and 23. 

Prolonging the treatment duration from 90 to 120 days (test 30) the neutralization of the 

buffering capacity of sediment was more pronounced (the final pH values were lower in all cell 

sections) but wasn’t observed any appreciable gain in terms of removal efficiency for 

contaminants. This suggests that a treatment duration beyond 90 days would turn out to be 

ineffective towards improving the remediation performance but we have to underline that the 

contaminant were present in low concentration and in some case mostly bound to the residual 

fraction of the matrix. 

Test conditions adopted during test 31 were able to produce a relevant decrease of sediment 

section pHs (ranging between 2.6 and 4.8). Despite the acidification of the matrix, the metal 

removal efficiencies were comparable to test 27 that was 30 days shorter. In particular, Cd and 

Zn were significantly removed (approximately 27%) while for the other species a mobilization 

toward the cathode was observed. 
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Tests 32 and 33 

Tests 32 and 33 were performed on Livorno sediment (subsample LIV1). Test 32 was 

performed in unenhanced conditions and the results attained were similar to test 26, namely 

the ineffectiveness of the treatment due to the increase of sediment pH caused by the migration 

of alkaline front. A slight mobilization was observed for Ni and Cu towards the S1 and S2 

sections, while a moderated removal of Cd was attained in the cathodic compartment 

(approximately 15%). 

The conditions adopted in test 33 were able to mobilized the contaminants from the three 

central sections (S2, S3 and S4) toward the electrodic compartments. High removal efficiency 

was observed for Ni (66.6%) and a moderated extraction was attained for Cu and Cd (28.6 and 

35.6 respectively). The removal of Zn, Pb and Cr was quite low, likely due to the chemical 

speciation, in fact these metals were mainly associated to the residual fraction of the matrix. 

 

Tests 34, 35 and 36 

Tests 34, 35 and 36 were carried out on sediment PMB1, sampled from the Piombino harbor. 

All tests lasted 90 days and HNO3 or acetic acid were used as enhancing agents. Under the 

operating conditions of test 34 a significant mobilization of Cd, Cu, Ni, Pb and Zn was 

observed. High and moderated removal efficiencies were attained for overall contaminants 

except for Cr.  

In test 35, as a result of HNO3 application only at the cathodic compartment, a lesser removal 

of the metals was observed. Zn was the most extracted species (54.6%), while the removal of 

the rest of contaminants was ranged between 17.7% and 10%. Comparing tests 34 and 35, the 

better performances attained in the first experiment are evident. These results are likely related 

to the different sediment pH condition at the end of the experiments. In fact the dosages of the 

nitric acid in both electrodic chambers (test 34) produced a more extensive acidification that 

promoted the mobilization of the contaminants. 

Test conditions adopted during test 36 (acetic acid added in both electrodic compartments), 

were able to remove in significant percentage only Zn (45.9%), while the removal of other 

contaminants was lesser  than 20%, despite the decrease of sediment pH achieved along the 

specimen (under pH 4). Moreover the results evidenced the mobilization of contaminants from 

section S1 and the accumulation of Cu in section S5. These results suggested that the 

experimental conditions adopted produced a slight contaminant mobilization.  

 

Tests 37, 38 and 39 

In test 37 a significant removal and mobilization of the contaminants were observed except for 

Cr that was slightly mobilized toward the anodic compartment. Pb was significantly removed 

and it was mainly detected in the anodic compartment. Cu, Zn and Ni were mobilized towards 

both electrodic chambers (the removal efficiencies were respectively 33.5%, 27.1% and 

38.2%), while Cd was mobilized toward the anodic side and its accumulation was observed in 

section S1. 

The conditions adopted in test 38 were able to promote high removal of Zn (64.6%), while a 

moderated mobilization was observed for the other metals. These results confirmed what was 

observed in tests carried out on the sediment PMB1 (test 34 and 35), namely the better 

remediation performances dosing acid in both electrodic compartment. In this case however 

the pH profiles were similar, and the higher removal yields attained could be explained 

considering the sharp and quite rapid pH drop occurring at the interface between the anodic 

solution and the sediment sample, which may promote dissolution of the solid matrix. 

In test 39 a slight metal removal was observed, Pb and to a lesser extent Zn and Cu migrated 

towards the cathodic side but in general the use of acetic acid did not produce any relevant 
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effect in terms of remediation yields, confirming the results attained in tests performed on the 

other sediments. 

 

Energy consumption 

The energy balance was calculated according to the relation descripted in the abovementioned 

report on Action A1.3. The energy consumption was evaluated for tests that provided the best 

results in terms of metal removal and the results are reported in the following table. 

 

Metal removal % and energy consumption for the more effective tests 
Test Cd % Cr % Cu% Ni % Pb% Zn % Energy consumption (Wh/kg) 

Test 21 21.5 2.5 61.5 96.3 33.6 57.6 488.0 

Test 22 20.8 6.5 28.2 54.1 34.7 39.6 717.5 

Test 27 10.1 15.0 27.4 44.3 10.4 23.0 672.5 

Test 28 27.3 24.7 31.1 31.3 14.8 24.8 619.8 

Test 29 34.6 11.6 11.6 19.4 13.7 22.7 947.0 

Test 30 40.8 26.5 28.9 44.6 14.4 24.3 741.8 

Test 33 28.6 10.6 35.6 66.6 17.0 17.6 816.5 

Test 34 24.7 9.7 60.6 89.7 46.1 46.4 439.7 

Test 35 - 10,0 15,8 17,7 14,8 54,3 432.0 

Test 37 9.3 6.0 33.5 38.2 36.2 27.1 460.6 

Test 38 - 8.4 27.7 27.0 24.8 64.7 450.4 

 

In general, the treatment enhanced by strong acids provided the best results in terms of 

remediation efficiency and for this reason the energy balance was not estimated for tests 

enhanced by acetic acid. The results show that the energy consumption was higher for tests 

enhanced by HCl, and this trend was observed for all sediments treated. While no evident 

differences were attained in tests enhanced by HNO3 varying the mode of addition of the acid. 

 

C2.3-Identification of best operating conditions as a function of sediments properties 

A number of variables can influence the EK process, including the sediment characteristics, 

the nature and distribution of the contamination as well as the operating conditions of the 

treatment. Regarding the latter aspect, in previous paragraphs the impact of the operating 

conditions on the remediation yields was evidenced. Summarizing, the EK treatment enhanced 

by strong acid appeared to be the best strategy (see Action A.1) and in particular the best results 

in terms of removal efficiency were attained using HNO3 as enhancing agent.  

The results of tests carried out during the Action C.2 evidenced that also the properties of the 

samples and the type of contamination have a dramatic importance on the remediation 

performances. In fact, although the acid dosage and addition strategy were maintained the same 

in all tests, the application of the EK process produced different effects depending on the 

specific characteristics of the sediment. Due to the slight metal removal observed in acetic acid 

enhanced tests, the discussion is argued starting from the results attained in tests enhanced by 

strong acid. 

The buffering capacity of the sediment was found to play a key role in controlling the final pH 

profile. Appreciable differences were observed among the EK tests enhanced by strong acids 

in terms of final pH profile along the specimen, with sediment LS displaying a fairly more 

pronounced and more uniform decrease in pH along the whole cell. The other three samples 

(sediments LIV1, LIV2 and N) showed similar final pH profiles in the corresponding tests, 

likely due to the similarities in the shape of the acid neutralization curves up to pH ~6.5. The 

lower values of sediment pH were achieved in tests 34 and 35, both performed on sediment 

PMB1, characterized by the lowest buffering capacity. Comparing the pH results in tests 27 

and 30, both performed in the same operating conditions except for the duration (90 and 120 

days respectively), we can observe a decrease of sediment pH  prolonging the duration of the 
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test. This behavior suggests that for matrices characterized by high buffering capacity the 

decrease of the sediment pH can be achieve for relatively long times. 

The buffering capacity of the matrix also affects the migration of the acidic front. Due to the 

low amount of solution that could be sampled did not allow for accurate pH measurements, 

therefore qualitative considerations can only be derived from the observed pH profiles for some 

tests (tests 27, 28, 29, 30, 33, 34, 35, 37 and 38). The results of the monitoring of processing 

solution pH show as for samples characterized by high buffering capacity the acidification of 

the circulating solution occurred after several weeks (tests 27, 28, 29, 30 and 33), while for 

PMB1 and PMB2 samples (both affected by a lower buffering capacity) the decrease of the pH 

was observed starting from two weeks of treatment (tests 34, 35, 37 and 38). We have to 

underline that a faster acidification of the processing solution entails a more prolonged contact 

between the acidic liquid phase and the solid samples, consequently the decrease of matrix pH 

and the solubilization of the contaminant is favored. Furthermore the results evidenced that in 

the case of HCl addition the decrease in the solution pH occurred more rapidly than with HNO3. 

Also the nature of contaminant affects the performances of the EK process. The EK test results 

evidenced that the metal fractionation influences the removal efficiency, in particular species 

mainly associated to the mineral fraction are hardly removable. In this regard the tests have 

demonstrated that increasing the time of treatment or achieving low values of sediment pH, the 

removal yield of species associated to the mineral fraction (as Cr for all tests) did not increase 

in significant percentage. This indicates that the metal distribution among the different 

sediment fractionation influences the applicability of the treatment. On the basis of the 

evidences observed during the experimental campaign, the following two flow-sheets for 

selection and monitoring of the electroremediation process were prepared. 

 

 
Flow-sheet of the selection and monitoring of EK process 

 

5.1.9 Action C.3 Assessment of technical and economic part  

The action consisted of the following three activities: 

1. Process assessment of the technology, 
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2. Life Cycle Assessment (LCA) of the pilot application and the potential full-scale 

application; 

3. Market analysis of the potential full-scale technology. 

The “Guidelines and recommendations for the use of the SEKRET approach” deliverable was 

prepared using results from actions B.4, B.5 and C.3 and is attached to this Final Report.  

The “Life Cycle Assessment of SEKRET technology” deliverable was completed by the 

planned deadline and is attached to this Final Report.  
 

1. Process assessment of the technology  

The process assessment included the development and calibration of a numerical finite-

elements simulation model aimed at optimizing several process parameters such as the distance 

and position of electrodes, the shape, duration and amplitude of current waves (as an 

improvement of the constant current aimed at reducing the overall energy consumption), the 

dosage of ligands to improve the mobility of metals in support of the pure-electrochemical 

control of pH. The model was aimed at sizing and optimizing future full-scale application. It 

was calibrated by specific measures and parameters acquired from the pilot plant. The model 

was developed by UniPisa and UniRoma1 with contribution  by Lambdacons. 

A complete report of the performed process assessment, together with all obtained findings and 

results, are included in the Deliverable of Action C3 “Guidelines and recommandations for the 

use of the SEKRET approach”, which was completed timely and is attached to this final report. 

A synthesis of its contents, together with the most significant results, are reported herein. 

 

Modelling 

In this work, the development of a reactive-transport model for the electrokinetic remediation 

of porous matrices contaminated by heavy metals is described. Efforts are made to keep the 

formulation and implementation of the model as general as possible in order to be able to extend 

it to cases differing from those presented in the following chapters. 

Electrokinetic remediation processes can be conveniently divided into transport mechanisms 

and chemical reactions. They will be discussed separately in two relevant sections. Under an 

applied electric field, the transport of species and water toward the electrodes mainly occurs by 

diffusion, electromigration and electroosmosis. Other transport mechanisms that are not 

directly related to the application of the electric field may occur (i.e., advective flow due to 

pressure gradients). Moreover, a range of equilibrium and kinetically controlled reactions occur 

throughout treatment. These include electrode reactions, gas-aqueous phase exchange, 

precipitation-dissolution, adsorption-desorption, complexation, ion exchange, oxidation-

reduction and electrochemical deposition. 

Due to the different time-scales at which these reactions take place, the description of 

kinetically-controlled reactions in an electrochemical system is generally very troublesome in 

terms of numerical implementation. In our work, two approaches were used to calculate 

chemical reactions.  

In the first approach, LCE was assumed, i.e., chemical reactions are supposed fast enough to 

reach their chemical equilibrium at each time interval of the numerical integration. This 

assumption considerably simplifies numerical implementation, thus enabling transport and 

reactions to be calculated in two separate steps.  

In the second approach, transport and reactions are still calculated in two separate steps but a 

subset of all reactions is treated as kinetically controlled (e.g., dissolution, precipitation, etc.); 

thus rate equations are defined for these reactions. At the end of each transport step, rate 

equations are integrated and resulting concentrations are used for the subsequent transport step 

instead of equilibrium concentrations. This approach implies that kinetic behaviour of chemical 

reactions is simulated, provided that coupling time step is small enough to keep coupling errors 



44 

 

to a minimum. The transport processes and reactions were implemented using two different 

software modules. Transport equations were implemented in a finite-element software 

(COMSOL Multiphysics R) which solves the non-linear system of partial differential equations 

(Nernst-Planck equation) for each of the modelled species. Chemical and geochemical 

reactions were implemented with the USGS PHREEQC software. The two modules were 

coupled using a two step sequential non-iterative split-operator scheme, to calculate transport 

(first step) and reactions (second step) at each time interval. 

COMSOL alone can be used for modelling electrokinetic transport processes with the 

‘transport of diluted species (tds)’ module, however it offers limited chemical reaction 

modelling capabilities. Instead, the combined use of PHREEQC and COMSOL filled this gap. 

These models considered the movement of aqueous ‘master species’ only (i.e., Na, Cl) and not 

ionic species or their complexes. This approach works when species are transported by 

advective flow but under an electrical field different ions move according to their charge and 

ionic mobility and for a single master specie possibly two or more differently charged aqueous 

species can exist in solution. Moreover H+ and OH- are not master species, so their 

concentration cannot be defined explicitly in PHREEQC though it is important to correctly 

represent their individual transport since it determines the pH of pore fluid. 

After the initialization and the setup of initial and boundary conditions of both the transport 

and reaction modules, the main model loop is executed. 

In the first step, the transport of species by diffusion, electromigration and electroosmosis is 

computed using COMSOL, which solves the non linear system of partial differential equations 

(Nernst-Planck equations). In the second step, chemical reactions are calculated in PHREEQC. 

The coupling between COMSOL and PHREEQC was done in the MATLAB environment 

using PhreeqcRM, a module designed specifically to perform equilibrium and kinetic reaction 

calculations for reactive transport simulators that use an operator-splitting approach. The model 

parameters were calibrated using either the Nelder–Mead simplex algorithm or the genetic 

algorithm. 

 

Laboratory experiments 

The main objective of the laboratory experiments was to identify operating conditions 

favourable to the extraction of selected pollutants from the investigated porous material. Such 

material was represented by a marine harbour sediment, sampled from the Port of Livorno 

(Italy) affected by heavy metal contamination. The electrokinetic experiments allowed us to 

assess the migration behaviour and removal of five selected heavy metals (Cr, Ni, Pb, Cu and 

Ni). The developed model was applied to reproduce the outcome from the laboratory 

experiments. The dataset used for model calibration and validation consisted of the results of 

three selected experiments carried out with nitric acid enhancement. This choice was made 

because nitric acid was identified as the most suitable reagent to be employed for process scale-

up, as well as being remarkably effective in the removal of investigated metals compared to 

other tested enhancement agents. In addition to electrokinetic tests, other laboratory analyses 

were performed in order to derive supplementary information for calibration of model 

parameters such as buffering capacity, porosity and tortuosity. 

Morphological and chemical characterization of the material deposited over the electrodes was 

performed by SEM and Energy dispersive X-ray spectrometry. 

The setup for electrokinetic tests consisted of an acrylic cell composed of six main parts: the 

sediment compartment, the electrode compartments, the water and acid reservoirs, the 

electrolyte solution overflow reservoirs, the power supply and the pH control system. The 

specimen dimensions were 30 cm (length) x 7 cm (width) x 9 cm (height). The weight of the 

wet sediment employed in each experiment was about 3.5 kg. A nylon grid (mesh size 2 mm) 

and filter paper were used to separate the sediments from the electrode compartments. The 
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sediments were placed in the electrokinetic cell in layers and statically compacted by applying 

40 g/cm2 for 24 h. Then, the sediments were left in the cell for at least 3 days before starting 

the tests. The anolyte and catholyte chambers were with free surface, and the electrolyte levels 

in the chambers were kept constant thanks to two respective overflows placed at a fixed height 

of 7 cm from the bottom of the cell. Electrolytes in both chambers were agitated with magnetic 

stirrers. The sediment height was about 2 cm higher than the electrolyte in the compartments 

in order to avoid the flow of the electrolytes onto the surface of the sediment.  

 

Laboratory results 

The results of the sequential extraction from four replicate samples show that the exchangeable 

fraction was low for all analysed metals, as it exceeded 10% only for Cd (33%) and Zn (19%). 

The fraction bound to Fe-Mn (hydr)oxides was significant for Pb (55%), Cu and Cd (about 

40%). The fraction bound to organic matter was significant for Cu (46%) and Cd (33%). The 

residual fraction was particularly high for Cr (68%), Ni (51%) and Zn (47%). This 

fractionation, which prefigures a low rate of decontamination due to the generally low presence 

of the mobile fraction, is in accordance with that of similar harbour sediments with relatively 

moderate heavy metal contamination levels reported in.  

Seven electrokinetic tests were carried out at constant current density of 40 A/m2. Different 

types of catholyte conditioning agents were tested with different treatment durations, from 14 

days to 120 days. The anolyte was kept unbuffered in order to exploit acid front migration (i.e., 

the transport of H + ions) to promote metal desorption from the solid matrix. However, it was 

observed that the propagation of the acid front was a very slow process, compared to rates 

generally observed in literature for soils.  

Experiments carried out with same durations (EXP3, 4 and 5) exhibited almost coincident pH 

profiles at the end of the experiments, regardless of the type of acid used. pH values near the 

anode were always lower than those in the other locations, because that portion of sediment 

was more affected by the acid front moving from the anode. Moreover, pH gradient was usually 

very steep in the point where the acid front was located. For instance, in 120-day nitric-

enhanced experiment (EXP7) the pH jumped from pH < 2 to pH > 6 in just few centimetres at 

the acid front location (x/L ≈ 0.55), along the electric field direction. The advance of the 

acid/oxidising front during the experiments is also clearly visible. The change in sediment 

colour observed during the migration of the front is possibly related to both dissolution 

processes and oxidation of organic matter due to the oxidising conditions produced at the 

anode. A thin layer of iron oxides was also observed at the boundary between the lighter and 

darker regions. An accumulation of species can occur in this layer due to the severe pH jump 

from acidic to alkaline (or near-alkaline condition) which is possibly responsible for species 

precipitation in this layer.  

Due to the high inhomogeneity of the sediment, the initial heavy metal concentration could not 

be referred to measured concentration on the untreated initial samples. Instead, in order to avoid 

overestimation of removal percentages, initial values were calculated from mass balance of 

final concentrations in sediment, concentrations in electrolytes (including precipitates when 

present) and electrodeposition on the electrodes. Longer tests removed the investigated metals 

more effectively than tests of shorter duration did. This was likely the result of a combined 

effect of pH change, migrational ionic flux and electroosmotic transport. The concentration 

distribution along the cell showed roughly similar behaviour in all cases, with the lowest 

residual concentrations in the sections near the anode where pH was lower.  

To make the definitive evaluation of the acid to be employed in the pilot-scale application, 

choice was mainly made on practical aspects. The use of sulphuric acid caused massive 

precipitation of sulphates in the cathodic chamber, although not causing specific problems 

during the laboratory tests it could not be advisable for full-scale plant application because it 
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could present high risks of clogging of the catholyte management circuit. Acetic, citric and 

nitric acid gave similar results in term of removal percentages in the 32-day experiments. Citric 

acid was disregarded because it caused severe precipitation (possibly calcium citrates) at the 

catholyte with cathode clogging and drastic voltage increase. Acetic acid did not cause 

precipitation but the high resistivity increase starting from the anode could pose design 

problems at field scale because of the excessive spread of resistivity values and thus of the 

voltages to be applied. Instead, nitric acid effectively removed metal and did not increase 

sediment resistivity or precipitate species, preventing any possible clogging in the circulation 

apparatus in the field. It is important to note that the final choice was made after testing several 

other possibilities than those presented in this work. 

 

Model validation 

Based on the results of laboratory experiments, nitric acid was selected as the most appropriate 

reagent for process enhancement. HNO3 is added at the catholyte to buffer OH– produced by 

the electrolysis reaction. The dissociation of nitric acid leads to the presence of NO3
– ions in 

the catholyte which are transported in the opposite direction by the electric field. On the 

contrary at the anode, H + are produced and are transported toward the cathode leading to the 

acidification of the medium to facilitate pollutant desorption. 

In order to reproduce the experimental conditions, the numerical implementation consisted of 

a 1D closed domain having 30 cm length (equal to specimen length). The electrolyte chambers 

(including the electrodes) were represented by left and right endpoints of the domain, where 

the boundary conditions were defined. The domain was discretized into 222 finite elements. At 

the centre of the domain the mesh had a maximum element size of 4 mm with element size 

refinement at the edges where a maximum element size of 10-3 mm was set. The time interval 

between transport and reaction steps was set to 7 hours. The reactive-transport of a total of 21 

species was set-up. The values of the diffusion coefficients assigned to each species were taken 

from literature. 

Due to H+ produced at the anode, an acid front moved from the anode toward the cathode and 

progressively acidified the sediment. This process was used to facilitate the desorption of the 

contaminants from the solid matrix. Overall, a good agreement between the model and the 

experimental data was observed. The slight disagreement in the region near the anode for the 

32 and 63 day-long experiments might be due to both the constant voltage assumption and the 

local equilibrium assumption. It is believed that the assumption of local equilibrium had a 

stronger impact than the assumption of constant voltage, and this hypothesis can be supported 

by the better agreement verified for the long term pH profile (120 days). 

The three predicted and observed heavy metal profiles as a function of the distance from the 

anode side are very similar, showing a strong dependence from the pH profiles, i.e., where 

lower pH is observed also lower metal concentration is observed. Small peaks in the 

concentrations were observed near the cathode, located at about 20 cm from the anodic side 

due to the accumulation of metals transported toward the cathode and immobilized in the 

cathodic region due to the higher pH. The simulated profiles were very close for Zn and Ni 

because the model parameters defined for both the species were similar. In fact, the two 

diffusion coefficients for Zn and Ni are comparable, the parameters defined in the 

thermodynamic database are similar and almost the same type of aqueous species is formed. 

Moreover, the same linear distribution coefficient was used for both species. Overall, the 

profiles were predicted with good accuracy. An overestimation of the removal was observed in 

the regions close to the anode (left-hand side). This could be due to metal bonding forms in the 

sediment. Taking into account heavy metal speciation in the investigated sediment, the residual 

fraction (less mobile fraction) is of relevant importance. As a result, the metal concentration in 
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the sediment could not easily be reduced to zero due to higher resilience of this fraction to the 

acid front.  

Also a chlorine modelling was performed. Chlorine gas production is a critical issue in marine 

sediment remediation since the significantly high concentrations of chlorides and the low pH 

environment at the anode compartment produce favourable conditions for Cl2 development. 

Estimation of chlorine gas production can be considered as a major aspect when the scale up 

of electrokinetic is carried out. Estimations must be carefully performed in order to correctly 

design and implement a gas treatment system and calculate the additional costs related to any 

additional device. A model for chlorine production estimation was set-up, and the model was 

validated using laboratory experimental data.  

 

Discussion of laboratory results 

The results of the experiments were strongly affected by the sediment buffering capacity which 

significantly hindered the propagation of the acid front, limiting heavy metal desorption from 

the solid matrix. Among tested reagents, sulphuric acid, though it did not cause specific 

problems during the laboratory tests, could not be selected for full-scale plant application 

because it led to CaSO4 precipitation at the cathode, thus presenting high risks of clogging of 

the catholyte management circuit. Precipitation of species also occurred in citric acid 

experiment, possibly due to calcium complexation by citrates. During the acetic acid 

experiment, no precipitation phenomena were observed but very low metal mobilization 

occurred. Moreover, both citric and acetic acids caused significant increase in sediment 

electrical resistivity, thus having negative effects on energy expenditures. Best performances 

were obtained with nitric acid and removal percentages could be increased by raising the 

duration of the treatment up to 120 days. Moreover, nitric acid did not cause any species 

precipitation or resistivity increase, thus it was considered as the best choice to be employed in 

the field.  

Good agreement between experimental data and model predictions was found. In particular, 

pH and electroosmotic flow were predicted with good accuracy. The predicted metal profiles 

were also close to experimental profiles for all of the investigated metals (Pb, Zn and Ni) but 

an overestimation of the removal was observed in the regions close to the anode, possibly due 

to the high residual fraction identified by sequential extraction. The predicted removal 

efficiencies were in very good accordance with observed removal percentages for Pb and Ni 

and moderately overestimated for Zn. 

The developed simple chlorine estimation model displayed good capabilities in reproducing 

measured data but the model output was found to be significantly sensitive to model 

parameters. However, the calibrated model can represent a valuable tool for evaluation and 

design purposes especially in all applications in which model parameters can be considered 

reliable enough (e.g., when the same electrode material is used), such as in the case of the pilot-

scale case that will be described later in the text. From results obtained, it is possible to 

conclude that:  

• the adopted modelling approach showed very good applicability for the simulation of 

electrokinetic extraction of heavy metals from real contaminated heterogeneous sediments;  

• although simplifying assumptions were made to represent sediment buffering capacity, 

which was considered as the main factor affecting pollutant extraction rates, the simulations 

could reasonably approximate the overall acid front evolution during the treatment leading 

to accurate simulation of residual metal profiles;  

• disagreement between the shape of pH profiles, especially short-term ones, must be further 

analysed in order to achieve better understanding of the causes of such behaviour;  

• these drawbacks, anyway, do not prevent successful application of the modelling approach 

as an engineering tool for prediction of remediation efficiency at a larger scale.  
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The research activities discussed in the next sectons were aimed at addressing the last two 

points. The first issue was analysed by incorporating new features in the model to describe the 

effects of slow reactions (such as buffering processes) on the model outputs (e.g., pH profiles). 

The final issue was addressed by applying the model to simulate processes in a pilot-scale 

electrokinetic remediation plant with 2D geometry. 

 

Implementation of chemical reaction kinetics 

Most of the chemical processes occurring during electric field application are characterised by 

dynamic behaviour, and knowledge of the influence of the kinetics of these reactions can 

significantly help to elucidate the overall remediation process and to enhance the prediction 

capabilities of electrokinetic (EK) models.  

This chapter described the incorporation of chemical reaction kinetics in the EK remediation 

model. The proposed approach consisted in combining the local chemical equilibrium 

assumption for reactions occurring at rates faster than transport rates and the calculation of 

reaction pathways for heterogeneous reactions, such as mineral dissolution and sorption 

mechanisms. The motivation for this investigation arose from the results of the previous 

chapter, in which model limitations regarding the shape of the simulated time-dependent pH 

profiles were found. These pH profiles were characterised by excessively sharp gradients. A 

first attempt to understand the buffering processes actually occurring in the sediment in more 

detail was achieved by means of laboratory experiments. Batch tests were carried out to 

characterise the behaviour of sediment samples in response to an instantaneous injection of 

pre-determined amounts of nitric acid. The existence of at least two processes, occurring 

sequentially, was verified. It was found that the overall behaviour of the sediment was 

extremely non-linear; therefore, the formulation of a generalised model to represent these 

processes could not be attempted. Due to the complexity of the processes in the investigated 

sediment samples, two simpler examples were analysed in order to assess the validity of the 

proposed modelling approach. In the first example, the behaviour of calcareous soil subjected 

to acid-enhanced EK remediation was modelled. All reactions were implemented under the 

LCE assumption with the exception of calcite dissolution, which was described by a general 

rate law that is commonly found in the literature. When considering chemical kinetics of calcite 

dissolution, simulated profiles became much smoother and more realistic compared to results 

obtained by modelling the same process at equilibrium. Moreover, the applicability of the 

proposed approach was tested by implementing a simple kinetic model to simulate sorption 

processes occurring in EK laboratory experiments. The experimental data were taken from 

published studies on the EK processing of homogeneous soil with relatively weak reactivity 

and simple composition. The obtained results were then compared to model results achieved 

in another work, who modelled the same dataset without including any chemical reactions. The 

obtained results were more accurate than the results from the literature for two out of three of 

the simulated profiles, thus demonstrating the suitability of the proposed approach for 

modelling pHbuffering mechanisms during acid front migration. In conclusion, the feasibility 

of extending the developed model to include kinetic-controlled chemical reactions was 

demonstrated. This feature could significantly improve the overall prediction capabilities of the 

model and may serve to define a framework upon which future research can be established. 

 

2D application: field scale 

A method for the cost optimisation of electrokinetic treatment implementation at the field scale 

was presented. The method involved the setup of a two-dimensional model which simulated 

the transport of species and chemical reactions occurring during the electrokinetic treatment of 

polluted marine sediments. The model, calibrated and validated at laboratory scale in the 

previous chapters of the thesis, was hereby extended in order to simulate EK processes taking 
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into account the arrangement of the electrodes in a real field-scale remediation plant. The model 

implementation involved the modification of the model geometry to simulate the actual 

distribution of the electric field. Few simplifications were introduced to reduce computational 

resources. The validity of the assumptions was checked by comparison with a full-featured 

model and the calculated electric potential distribution were validated by means of 

experimental measurements. Simulations were performed to evaluate two-dimensional acid 

front and lead migration. A partial validation of the model was carried out with pH data 

measured from a field-scale plant, confirming the reliability of the model. Afterwards, the 

model was used to carry out a parametric study to estimate the optimal parameters for the 

design of a field-scale plant and obtain cost minimisation. The simulations allowed the 

calculation of the time-dependent removal rates of the studied pollutants as a function of two 

variables: anode–cathode distance and sediment buffering capacity. The resulting curves of 

cost were used to identify the optimum electrode distance which minimised the costs as a 

function of sediment buffering capacity. In conclusion, the model developed has proved to be 

an extremely useful tool for the design, implementation and cost minimisation of an 

electrokinetic remediation system. It must be pointed out that the presented cost analysis was 

significantly simplified compared to cost estimation as typically performed during project 

implementation stage. However, after the EK model is implemented and applied to calculate 

remediation times, the subsequent cost analysis can easily be extended to integrate all other 

costs not included in the present treatise.  

 

Field-scale plant description 

The SEKRET project is configured in this context as a future reference point for the 

improvement of sediment management policies. The project aims to demonstrate the efficacy 

and reproducibility of EK method for the treatment of contaminated sediments. The project 

involves the participation of six beneficiaries: University of Pisa, University of Rome ’La 

Sapienza’, West Systems s.r.l., Port Authority of Livorno, Tuscany Region and Lambda 

Consult. In the preliminary phase of the SEKRET project, laboratory-scale experiments were 

carried out to evaluate the effectiveness of the electrokinetic treatment and to identify the best 

operating parameters for plant operation. The results of the laboratory experiments are reported 

in Iannelli et al. (2015). The plant will be operating for a period of approximately 18 months. 

The investigated are Cd, Cr, Pb, Ni, Zn, As and Cu. The project goal is to decontaminate the 

sediments in order to make them compliant with the levels established by the Italian regulations 

(D.Lgs. 152/2006) for their reuse in the environment. The design of the ex-situ plant started in 

2013 and the plant was operative in July 2015. 

 

2D model application 

In order to reproduce the field-scale geometry, the actual 3D geometry of the plant was 

simplified to 2D by assuming that electric field variation along the vertical direction could be 

neglected. In fact, this assumption may be valid in the zones in correspondence of the openings 

of the PVC slotted pipes (light grey part of the electrode well, as illustrated in Figure 10). On 

the contrary, the 3D electric field distribution in the upper and lower portions of the sediment 

may be affected by distortions due to the other construction components of the wells. However, 

the validity of such hypothesis is demonstrated in the next paragraph which presents the 

validation of the simulated electrical potential distribution against potential measurements 

carried out in the plant. The numerical model consisted of a 2D closed domain having 1 m 

width and 1.09 m height. The electrode boundary conditions were defined at the edges of the 

electrode wells, consisting of two semicircles which represent the projection on the horizontal 

plane of half of the lateral well surface. The domain defined in such way did not include the 

modelling of the voltage drop at the electrode-electrolyte interface and the drop due to well 
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resistance. However, these voltage drops were not neglected; the values at the boundaries were 

set to reproduce the actual values. The domain was discretized into 4470 finite elements. At 

the centre of the domain the mesh had a maximum element size of 30 mm with element size 

refinement at the electrode boundaries where a maximum element size of 5 mm was set. The 

coupling time step was set to 5 × 10 4 s. Among the investigated heavy metals, only lead was 

included in the model in order to simplify the model setup and the evaluation of the results. 

However, the model can be straightforwardly extended to include other pollutants. In the 

present case, the reactive-transport of a total of 12 species was set-up: H + , OH – , Na + , Cl – , 

NO – 3 , Pb 2+ , PbCl + , PbCl – 3, PbCl2, PbNO + 3 , Pb(NO 3)2 . The electroosmotic transport of 

species was neglected. This assumption can be considered acceptable when nitric acid is used 

for catholyte conditioning, as demonstrated in lab-scale experiments. In such cases, the rate of 

electroosmotic migration is lower than the rate of electromigration. The previously reported 

values of the diffusion coefficients (Table 1) were assigned to the modelled species. The 

database ‘minteq.v4.dat’ distributed with PhreeqcRM was used to assign the values of 

equilibrium constants for solution speciation and solid phase reactions. The initial 

concentrations of the complexes were set to zero. 

At the electrodes, H + (anode) and NO – 3 (cathode) fluxes were calculated using Faraday’s 

law of electrolysis Ji = J/F, where J represents the current density on the boundary surface (half 

of the edge of the electrode wells). 

 

Electric field 

Validation of the assumption that electric field can be approximated with a two-dimensional 

distribution involved two phases. In the first phase, the validity of simplified model geometry 

was checked against the results from a more comprehensive model of the electric field. In a 

second phase, potential measurements were carried out with passive electrodes installed in the 

field to compare modelled electric potential distribution and measured data. The model 

geometry comprises only a couple of electrodes. The resulting electric field calculated with two 

electrodes is different from the actual electric field produced by all the electrodes operating 

simultaneously in the basin. To evaluate the errors produced by such schematisation, a model 

which includes the entire geometry of the remediation plant was implemented. A voltage of 

about 10 V was set at the anodes to achieve a current of about 10.1 A at each electrode 

(corresponding to the value measured in the field). The sediment was assigned a resistivity of 

approximately 0.6 Ωm throughout the entire domain. Calculated voltage, current density and 

electric field strength were then compared to those obtained with the simplified model 

geometry. A maximum 2% error was observed for voltage, while a maximum 8% value was 

obtained for current density. However, higher errors were located at the corner of the domain, 

while errors decreased to less than 2% in proximity to the anode–cathode axis, where current 

density is higher, and transport rates are more likely to be affected by errors. The results show 

that the actual electric field can be approximated with a model comprising only two electrodes, 

with less than 2% error in the areas where transport mechanisms are more affected by current 

density and electric field strength calculation errors. This simplification allowed us to 

significantly reduce the computational resources required to run the model. Nevertheless, the 

developed model can be effortlessly modified to include the calculation of the electric field 

with a full model. In a second phase, the validation of the electric field computed with the same 

geometry was carried out by comparison with experimental data. A measurement system was 

developed and implemented in the field to measure electric potential. Ten passive electrodes 

were built and installed in a test field comprised between one electrode couple. With this 

system, AC, DC and RMS voltages were measured at the electrodes with reference to the 

cathode. Simulated electric potential was then compared to measured RMS voltages. The 

agreement between modelled and measured voltages was satisfactory. Minor discrepancy was 
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mostly due to sediment heterogeneity in the field, i.e., due to the presence of areas having 

different resistivity. It is believed that such limited field heterogeneities have minimal impact 

on EK model prediction and they can be neglected in the present case. However, in cases where 

spatial heterogeneity is stronger, 2D or 3D distribution of resistivity must be considered in 

order to correctly predict electromigration transport. Geophysical techniques, such as electrical 

resistivity tomography (ERT) and ground penetrating radar (GPR), can be extremely useful in 

efforts to fully characterise field conditions. Field models obtained from these techniques, such 

as electrical resistivity distribution, can be easily integrated in the model implemented herein. 

Moreover, the same techniques can also be applied to monitor remediation in the field. 

Simulation results  

Simulations were performed to evaluate two-dimensional acid front and lead migration. The 

advance of the acid front from the anode to the cathode was faster along the anode–cathode 

axis because in this region the electric field strength was higher than at the borders of the 

domain. As a result, residual lead concentration followed the same trend and higher transport 

rates were observed along the anode-cathode line. The figure also shows that accumulation of 

lead occurred in a narrow zone of the domain and moved toward the cathode with time. This 

zone corresponded to the areas where pH transition was sharp, jumping from acidic (pH < 7) 

to alkaline conditions (pH = 7–8), which led to precipitation of lead. These accumulation areas 

formed dead zones from where the contaminant could be hardly removed, especially in the 

upper and lower corners. This effect was probably amplified by the simplifications introduced 

in the model. In fact, electric field strength was slightly lower in these areas because the 

contribute of the electrodes outside the studied zone was neglected.  

In the present case, the distance between electrodes of the same polarity was about 1.1 m; the 

actual electric field strength in the corners was estimated to be about 2–8% higher than that 

predicted by the model. The errors in the model output due to this schematisation should thus 

lay in this range. When a detailed evaluation of these border effects is required, the electric 

field model should comprise the entire geometry of the electrode arrays. To optimise removal 

in those areas, the anode–anode distance must be carefully evaluated and properly chosen as a 

function of target removal requirements. Another strategy could involve the modification of 

the electrode array to hexagonal geometry. These variables were not studied here, and the main 

focus was given to the setup of a simplified tool for design analysis. As a result of the simplified 

approach adopted, the validation of model results was carried out only for the profiles along 

the main anode-cathode axis. Only pH data were available for validation. Samples were 

collected after 74 and 195 days from the beginning of the treatment in three locations along the 

main anode–cathode axis. Replicated measurements were carried out on samples collected at 

different locations of the basin, at the same distances from anode. The agreement between 

simulated profiles and measured data was good. The simulated pH values were consistent with 

field measurements, even though they were affected by rather high standard deviation. The Pb 

peak located at about 0.5 m from the anode was already pronounced after about 75 days. The 

peak value than increased and started to shift toward the cathode. After about 500 days the 

advance of the acid front led to the dissolution of the precipitates formed and the peak further 

shifted toward the cathode. After about 700 days the concentration started to decrease until 

complete removal. The validation of lead profiles could not be done because the measured Pb 

content in the collected samples showed excessively large variance. Removal rate remained 

almost constant during the first 1500 days, then it started to decrease. This effect was possibly 

due to the lead accumulation at the sides of the migrating front. In fact, the removal rate 

remained constant as long as lead was removed from the areas near the main anode–cathode 

line. After clean-up reached 100% along this line, the rate started to decrease, because of the 

lower transport rates occurring at the upper and lower sides of the domain. In conclusion, a 2D 

model for the simulation of electrokinetic processes occurring at the field scale was 
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implemented. Simplifications were introduced to reduce computational resources for the 

calculation of the electric field. The validity of the simplifications and assumptions was 

checked by comparison with a full model of the basin and electric potential experimental 

measurements. Simulations were carried out to evaluate acid front and lead migration. A partial 

validation of the model was carried out with pH data collected after 74 and 195 days from the 

beginning of plant operation. The results were good for pH profiles. Validation of lead profiles 

could not be carried out due to the large variance of Pb content in the collected samples.  

 

Plant design criteria 

The cost analysis of a remediation project can be critical in the case of high uncertainty with 

respect to the predicted decrease in contaminant concentrations over a certain period of time. 

The design and dimensions of the reclamation system to be deployed are based on and derived 

from the data collected during preliminary investigations and laboratory tests. On one hand, if 

these investigations are carried out in great detail, they can provide more reliable information 

to be used for the scale-up process and possibly help improving the prediction of remediation 

outcome at the field-scale. On the other hand, the investigations can be time-consuming and 

expensive, as well as they can significantly delay the plant implementation and the start of 

operation. Even if detailed characterisation and investigations are carried out, many of the 

design parameters have to be arbitrarily set by the designers, often based on their experience, 

because these parameters cannot be directly derived from preliminary data and specific tools 

for the implementation of EK remediation systems are lacking.  

The main reasons include the limited number of case studies and data reported in literature, 

and the lack of design-oriented software/numerical packages, suitable for result prediction and 

optimization of the main parameters affecting remediation efficiency. These gaps have pushed 

the direction of the present research toward establishing a close link between model 

development and practical applicability for plant design and optimisation. A method for cost 

minimisation based on the application of comprehensive EK modelling is presented below.  

One of major issues to be considered when laying out the design of an EK remediation system 

is the calculation of the voltage drops on the electrodes and across the electrode wells. These 

voltage drops can be regarded as additional resistances (loads) which lead to undesirable energy 

losses and increase remediation costs. The resistances can be minimised by choosing proper 

materials for the electrodes as well as selecting the most appropriate components, such as 

slotted PVC pipes with large slot size. During the design phase, these additional costs are 

generally neglected, although they cover a significant part of the total cost related to energy 

expenditures. In some cases, a rough estimate of these costs is carried out based on previous 

experiences by increasing the energy-related costs of a fixed amount. However, the calculation 

of the abovementioned resistances is complicated and it depends on many factors such as the 

conductivities of both sediment and electrolytes, types and shape of the electrodes, shape and 

arrangement of the wells, etc. Therefore, this calculation was not attempted here. Conversely, 

an empirical relationship was identified on the basis of field measurements.  

The voltage drops between the electrodes and the sediment were quantified as a function of the 

applied current intensity. The results consisted of a linear transfer function which associate the 

anode current and the voltage drops across the electrodes and wells. Thus, the derivative of this 

transfer function assumes the form of a resistance. The calculated relationship is plant-specific 

and cannot be generalised. However, it can be considered valid in situations where similar 

design specifications are adopted. The estimated relationship enableS to discriminate between 

energy losses and energy used effectively for remediation. 

 

Simulation-based cost minimisation 
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This section presents a method for estimating the optimal parameters for the design of a field-

scale plant and minimisation of implementation and operating costs. The analysis was based 

on a parametric study carried out using model geometry and parameters reported previously. 

The main variable studied was the distance between the anodes and cathodes. The distance was 

varied in a range between 0.5 and 2 m. The simulations were carried out under the hypothesis 

that specific power (including power dissipated at the electrode wells) is kept fixed to 100 

W/m3. Subsequently, voltage, current and voltage drops at the electrode wells were calculated 

for each case. Voltage drops (ΔV) were calculated with the linear transfer function identified 

in the previous paragraph. The parameters were calculated assuming a sediment resistivity of 

1 Ωm, a well radius of 4.5 cm, and sediment height of 1 m. The influence of the sediment 

buffering capacity on the results was also studied. The reference buffering capacity 

corresponded to 2.36 mol H+/kg to decrease sediment pH to 3. A parametric sweep study was 

set up by making this parameter vary from 2.36 to 0.1 mol H + /kg. Simulations were carried 

out by varying both the value of sediment buffering capacity and the anode–cathode distance. 

The contaminant studied was Pb. Initial and boundary conditions were the same as used 

previusly. 

The simulations permitted to calculate the time-dependent Pb removal rates. The results 

showed the time required to achieve the clean-up of the sediment up to a predetermined target 

level, as a function of electrode distance and sediment buffering capacity. In this case, the target 

removal level was arbitrarily set to 70%. However, this value is project-specific and must be 

chosen according to regulatory limits or other specific constraints. Fitting of the simulation 

results with an exponential model was performed to obtain continuous curves for cost 

estimation in the studied range of electrode distances (0.5–2 m). The estimated costs comprised 

energy requirements, acid consumption, pipes and electrodes. Costs for these components are 

proposed in the following table based on the field experience gained during the implementation 

of the project. However, these costs are for guidance only and may vary in other conditions or 

other countries. Moreover, it was assumed that an amortisation of 20% could be applied to the 

expenditure for the electrodes, assuming that they can be reused in other projects. 

 
Parameters and costs 

 
 

The cost curves estimated for the reference case (buffering capacity equal to 2.36 mol H + /kg) 

are reported in the following figure as a function of the distance between anode and cathode. 

A point of minimum can be clearly identified for each curve. The location of these points is 

dependent on sediment buffering capacity. The point of minimum shifts toward larger electrode 

distances with decreasing buffering capacity. The optimum electrode distance calculated for 

the reference case was approximately 0.75 m. 
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Estimated costs for energy, acid, pipes and electrodes for the reference case (buffering 

capacity 2,36 mol H+/kg) 

 

The figure shows that all costs are strongly dependent upon the electrode distance with the 

exception of cost related to acid consumption. This may be explained by the fact that, regardless 

of the energy expenditure or remediation time, the amount of acid required to decrease 

sediment pH is approximately the same in all cases. The costs for pipes and electrodes clearly 

increase as the number of electrodes per unit volume of sediment increases. Conversely, the 

energy expenditures increase with increasing electrode distance. The same analysis was 

repeated for the other two cases, i.e., for sediment with buffering capacity of 1 and 0.1 mol H 

+ /kg, respectively. The individual cost curves were then summed together to obtain total costs. 

The results are shown in the following figure. 

 
Curves of total cost 

 

Conclusions 

A good agreement was found between experimental data and model predictions. In particular, 

pH variations and electroosmotic flow were predicted with good accuracy. The predicted metal 

profiles were also close to experimental profiles for all of the investigated metals (Pb, Zn and 

Ni) but an overestimation of the removal was observed in the regions close to the anode, 

possibly due to the high residual fraction, identified through sequential extraction procedure. 

Although the overall acid front migration was correctly predicted, some discrepancy between 

the shapes of observed and simulated pH profiles was found. To further investigate these 

limitations, the model capabilities were extended in order to include a kinetic description of 

the pH buffering process. Two example cases were analysed to verify the hypothesis that pH 

profile prediction can be adversely affected by the assumption of local chemical equilibrium, 

i.e., the assumption that chemical equilibrium is attained at each time step of the numerical 
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integration. It was found that when incorporating kinetics of pH buffering processes, simulated 

profiles became more realistic compared to results obtained by modelling the same processes 

at equilibrium. Though the formulation of a model to describe kinetic processes of the real 

sediment was not attempted, the presented examples demonstrated that model prediction 

capabilities could be improved by including kinetic-controlled reactions in the main modelling 

framework. The developed model was then applied to simulate electrokinetic processes at field 

scale. The model was modified in order to take into account the three-dimensional nature of 

the electric field in the plant. It was demonstrated that a two-dimensional electric field 

distribution was able to approximate the actual 3D distribution with sufficient accuracy. 

Simulations were performed to evaluate acid front and lead migration during electric field 

application in the field-scale plant. The model was validated with pH measurements of samples 

collected from the plant. The agreement between observed and simulated profiles was good. 

Afterwards, a parametric study was performed to evaluate the influence of electrode distance 

and sediment properties on treatment costs. The simulations allowed us to calculate time-

dependent lead removal rate and to define cost curves for each set of parameters. The resulting 

curves of cost were used to identify the optimum parameters which minimised the costs.  

In conclusion, a methodology was implemented for the definition of simulation-based criteria 

for electrokinetic remediation system design. Such approach has never been attempted 

previously. Starting from the implementation of a numerical model to reproduce laboratory-

scale data, a scale-up procedure was accomplished in order to perform the simulation of 

processes at field scale. Once the model was setup, it was applied to carry out a parametric 

study to estimate optimal design parameters for cost minimisation. The agreement between the 

simulated and available data was promising and the results are a valuable tool to support 

evaluation and design of electrokinetic remediation systems. 

 
2. Life Cycle Assessment of the pilot application and the potential full-scale application  

LCA activity consists in the quantification and assessment of environmental impact associated 

with the use of the innovative ElectroKinetic Remediation (EKR) technology for the removing 

of heavy metals from contaminated harbor dredged sediments. In particular the object of the 

study is to compare electrokinetic remediation SEKRET with ordinary disposal in landfill of 

contaminated marine sediments using the LCA approach.  

The final report,  “Life cycle assessment of Sekret technology” was completed within the 

scheduled timetable ad is attached to this final report as a deliverable to Action C3 “Assessment 

of technical and economic part – Technical guidelines for the use of SEKRET technology”. 

The report has been developed in two part. The first one (Part A) concerns general information 

about Legislative Regulation of sediment management in Italy and the comparison with other 

European countries; the decontamination methods with a focus on electrokinetic application; 

and the description of LCA approach. The second part (Part B) concerns the application of the 

electrokinetic method to the specific case of Livorno harbor. In the firsts chapters the 

management of dredged sediment and the principal elements of SEKRET Pilot Plant are 

described. Then, starting from the Pilot Plant knowledge, a real-scale electrokinetic 

decontamination facility has been modeled, so the two last chapters are dedicated to describe 

the real-scale Plant and to apply the LCA comparing the results of the LCA SEKRET with 

those obtaining by the disposal of the same volumes of contaminated sediments in a landfill. 
As for Part A, the issue of dredging and the LCA approach are presented starting from a 

presentation of the legislative framework (section 2), with a specific analysis of the Italian 

frameworks (section 2.1). Then the ElectroKinetic Remediation technology (section 3) and the 

LCA approach (section 4) are presented. Specifically, the LCA approach is presented by a 

discussion of its process structure, the goal and scope definition, and a presentation of the basic 

instruments the LCA approach is based on: the Life Cycle Inventory Analysis, the Life Cycle 
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Impact Assessment and the  Life Cycle Interpretation. Finally, after a brief discussion of potential 

and difficulties of LCA, the adopted software ( OpenLCA software) and the numerous Databases 

which were used to perform the analysis after an extended comparative analysis are presented in 

detail. 

As for Part B, the LCA application to SEKRET technology is presented starting from a general 

discussion of management procedures of dredged sediments and then presenting the SEKRET, 

Sediment ElectroKinetic REmediation Technology. Then a description of the prototype plant 

follows, with details on its main components (Treatment tank, Electrolysis plant, Electrolyte 

conditioning system, Gas treatment plant, Electrical system). Finally the full scale application on 

which the LCA analysis is dedicated, is described in detail. 

Section 9 describes the LCA Application to a possible Full Scale Plant. After a definizion of goal 

and scope, details are given  on the adopted Life Cycle Inventory for Treatment tank, Electrolyte 

circuit, Chemical reagents, Gas treatment, Exhausted electrolyte treatment, Electrical circuit and 

Final products. Finally, the Life Cycle Impact Assessment is presented with its division in Impact 

assessment subsystems. 

The conclusions regard the Comparison between SEKRET remediation and disposal in the landfill 

(as the only viable alternative for the management of fine structure dredged sediments polluted by 

heavy metals) and a final advice for policy makers. 

The results of the LCA analysi of the SEKRET technology are synthetized in the following figure: 

 
After the application of LCA modeling to SEKRET technology hypothesizing a real-scale Plant, 

the subsequent step of the study was the application to landfill disposal of the same volumes of 

contaminated sediments. For this purpose the sludge obtained from the dredging was assumed as 

being placed in the two large filling tanks for a suitable period of time, estimated in 10 days, in 

order to lose most of the water by gravity and solar radiation. The next step was to calculate the 

number of heavy vehicles needed to transport the volume of contaminated sediments obtained. The 

landfill of Scapigliato (30 km far from the Livorno port) was selected as the suitable site to take 

this type of waste. For model construction with OpenLCA, the ReCiPe method was selected for the 

impact assessment (LCIA) in the LCA, in order to compare these results with those obtained by the 

SEKRET reclamation process analysis. Results show that: 
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- The Human Toxicity category prevails sharply over all others with a value of 2.18E+06 kg 1,4-

DCB-Eq; 

- Other categories with significant impacts are Climate Change and Terrestrial Ecotoxicity, and 

then Fossil Depletion, Freshwater Ecotoxicity and Marine Ecotoxicity; 

- Ozone Depletion(1.99E-02 kg CFC-11-Eq), Freshwater Eutrophication (1.11E+01 kg P-Eq) and 

Natural Land Transformation (4.14E+01 m2) are the three categories with the lowest impacts. 

As expected, the greatest impacts, are connected to development of toxicity for people (Human 

toxicity) and for all the environmental compartments (Terrestrial, Freshwater and Marine), and to 

Climate Change due to the releases of CO2 and CH4 in atmosphere. 

The conclusive phase of the study regarded the comparison between the results of LCA 

SEKRET with those obtained by the disposal of the same volumes of contaminated sediments 

in a landfill. 

In the following table, the results of LCA application to SEKRET technology and to landfill 

disposal are showed for each impact category at midpoint level. 

 
SEKRET – LANDFILL comparison 

Impact category Landfill disposal SEKRET Unit 

Agricultural land occupation - ALOP  4.32E+02 7.45E+05 m2a 

Climate change - GWP20  1.30E+05 1.19E+07 kg CO2-Eq 

Fossil depletion - FDP  4.63E+04 2.91E+06 kg oil-Eq 

Freshwater ecotoxicity - FETP100  2.09E+04 5.40E+04 kg 1,4-DCB-Eq 

Freshwater eutrophication - FEP  1.11E+01 2.61E+03 kg P-Eq 

Human toxicity - HTP100  2.18E+06 4.82E+05 kg 1,4-DCB-Eq 

Ionising radiation - IRP_I  7.04E+03 8.12E+05 kg U235-Eq 

Marine ecotoxicity - METP100  1.90E+04 4.29E+04 kg 1,4-DCB-Eq 

Marine eutrophication - MEP  3.42E+02 9.54E+03 kg N-Eq 

Metal depletion - MDP  6.16E+03 9.73E+05 kg Fe-Eq 

Natural land transformation - NLTP  4.14E+01 9.10E+02 m2 

Ozone depletion - ODPinf  1.99E-02 1.62E+00 kg CFC-11-Eq 

Particulate matter formation - PMFP  2.72E+02 1.33E+04 kg PM10-Eq 

Photochemical oxidant formation - POFP  1.05E+03 2.87E+04 kg NMVOC 

Terrestrial acidification - TAP20  5.60E+02 4.32E+04 kg SO2-Eq 

Terrestrial ecotoxicity - TETP100  2.01E+05 4.46E+02 kg 1,4-DCB-Eq 

Urban land occupation - ULOP  1.03E+03 4.39E+04 m2a 

Water depletion - WDP  1.36E+02 2.15E+04 m3 

 

The landfill disposal shows higher impacts than SEKRET technology only in Human Toxicity 

category, while in the categories of Freshwater Ecotoxicity and Marine Ecotoxicity the impacts 

have the same magnitude. For what concern the other impact categories the landfill disposal 

shows lower value value. 

The results of the LCA study show that the energy component assumes a relevant rate relative 

to pollution in the broad sense. In 12 impact categories out of 18 analyzed, electricity 

production holds the highest score in terms of damage. Other items of considerable importance 

are the instruments used in the reclamation, which, although in a minor way, also affect almost 

all 18 categories. 

It should be noted that the Natural land transformation category has a negative component 

relating to the treatment facility. This is actually an environmental benefit, as it has been 
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hypothesized that this instrumentation at the end of the reclamation cycle will be reused in 

another contaminated site, thus leaving a resurfaced soil. 

There are 3 major aspects on which the final decision maker and the research groups should 

reflect: 

• Improve the energy component, reducing at best the energy losses on the site; 

• Use less quantities of chemical reagents and/or substances that have less impact on the 

environment. 

• Evaluate the real benefits between landfilling or electrokinetic reclamation process, all 

linked to a cost analysis. 

 

The results obtained show that for some categories the SEKRET is very advantageous, while 

for others it is less advantageous for the environment than the mere landfilling of polluted 

sediments. There is therefore no clear prevalence of one method over another in terms of LCA. 

The negative factors that severely penalize the electrokinetic remediation process are the high 

consumption of electricity, therefore all the pollutant loads connected to the production of 

electricity and the use of chemical substances highly harmful to the ecosystem. The 

management of the saturated electrolyte could be indicated as an object of study for future 

studies. This is an element that a large-scale application should be well defined. Once the 

electrolyte that has been removed has been removed from the treatment cycle, it cannot be sent 

to the landfill, so it is necessary to eliminate the greater quantity of water inside it until a 

"palatable" state is reached, in accordance with the current national regulations on transposition 

of substances into landfills. 

The electrokinetic reclamation process therefore proposes itself as a valid instrument for the 

reclamation of marine sediments contaminated by heavy metals. Future in-depth research 

aimed at solving the problems emerging from this study could give a big incentive for other 

large-scale real applications. 

 
3. Market analysis 

In Europe (6.500 km of coast) there are around 70 large commercial ports and 465 tourist ports. 

Rivers and port docks are dredged on a regular basis to provide shipping traffic efficiency, 

producing large volumes of contaminated sediments (about 80 millions of tons each year).  

The market analysis was aimed at examining the market for the remediation of these 

contaminated sediments, trying to estimate the maximum potential turnover in European 

market for the sub-sector of the remediation of dredged spoils contaminated by heavy metals. 

The marked analysis was contracted out to a specialized company selected by a competitive 

public tender. The selected company was Simurg ricerche, which performed the task timely. 

The final report of the analysis is attached as appendix 2 to the Deliverable of Action C3 

“Guidelines and recommendations for the use of the SEKRET approach” annexed to this final 

report. The results are synthetized herein. 

 

Opportunity 

Unlike organic constituents, metals cannot be degraded or readily detoxified. The presence of 

metals among sediments pose long-term environmental and health hazards. The current 

alternatives and technologies are becoming more and more expensive. End users seek a cost 

effective technology to remove heavy metals from sediments and an increased choice in 

technology.  

Each year, we estimate that in Europe various organisation spend approximately € 210 millions 

for the treatment of sediments contaminated by heavy metals in order to meet legal 

requirements. The confined disposal of dredged sediment is the most commonly adopted 
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solution in many countries, but the high costs of this kind of treatments often hinder or prevent 

the dredging activity with heavy damages to the port activity.  

Sekret technology could be applied to remediate the dredging material contaminated by heavy 

metals, reducing the costs associated to the treatment and the disposal of the dredged spoils 

and also encouraging the beneficial reuse of the dredged material. 

 

Product Description  

Sekret utilizes elecrokinetic technology to remove heavy metals from contaminated dredged 

sediments. The technology developed and tested in SEKRET Project is considered one of the 

most suitable technology for removing heavy metals from fine-grained dredged marine 

sediments. With some adaptation this technology could be used also for removing heavy metals 

from other contaminated soils.  

 

Market Description  

Sekret technology is positioned within a sub-sectors of the annual €66,6 billions “Remediation 

industry”: the “Site remediation services” sector. These sectors represent a $23 billion annual 

market and have a projected 10-year growth rate of 30%. Sekret technology could be applied 

to two sub-sector in site remediation industry: soil remediation (brownfield) and dredged 

sediments. The EU market remediation of heavy metals from contaminated soils and sediments 

could be estimated € 2 billion and Sekret will initially target the €200 million dredged 

sediments niche. Industry growth is being driven by three trends: stricter European and national 

regulations, the growing needs for harbour dredging and Port Authorities desire to avoid 

environnement impact and reuse sediments.  

 

The remediation market  

The reference sector for Sekret technology is the “remediation and other waste management 

services sector”, as covered by NACE (Statistical Classification of Economic Activities in the 

European Community) Rev. 2 Division 39 and NAICS (North American Industrial 

Classification System) code 562910, a sub-sector of the “environnemental services” sector.  

Already large at the beginning of this century, the global market for environmental services 

has continued to expand. Total revenues in the global environmental services market rose by 

about 41 percent between 2000 and 2010 and by 130% between 2010 and 2017, reaching € 965 

billions in 2017.  

The largest market for environmental services is the United States, which accounted for 38 

percent of global environmental services revenues in 2017. Western Europe accounted for 28 

percent of the global market, and Japan for 11 percent.  

Global environmental remediation market revenue was valued at around € 67 billion in 2017. 

After a decline between 2008 and 2010, due to the global economic crisis, is expected to reach 

approximately € 102 billion in 2022, growing at a CAGR of slightly above 7.5% between 2017 

and 2022.  

The United States was the largest market for remediation services, accounting for 33 percent 

of global revenues, followed by Western Europe (24 percent) and Japan (13 percent).  

Although the remediation services industry has been generally characterized as mature, the 

market remains highly competitive and fragmented, since firms that provide such services vary 

markedly in terms of size and degree of specialization.  

Most of the larger firms providing remediation services offer them as part of a wider portfolio 

of activities in addition to their primary businesses.  

Entry barriers in this industry are high, as large remediation services firms are willing to face 

significant financial and operating risks in order to compete for the highest-value contracts.   
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The European remediation market is largely driven by strong environmental regulations and 

policies, increasing demand for land, and public awareness that contamination issues can be 

successfully addressed. Thus, Government spending is an important demand driver for 

remediation services. The main concerns driving the market is the soil contamination. Ernst & 

Young (2013) estimated that about 4,5 million sites were potentially contaminated in the EU 

in 2013. 

 

The dredging market 

Despite the limited growth in the world’s economy, the dredging industry’s turnover – 

excluding closed markets – in 2016 was estimated at € 5,0 billion in comparison to € 7,1 billion 

in 2015. European market for dredging is estimated in 2016 around € 1,3 billion.  

Six drivers are key to charting progress in the dredging industry: population growth 

(demographics and urban development), coastal protection, world trade, growing demands for 

energy, water-related tourism, and environment.  

These factors is driving the dredging market to a great increase in the next years. According to 

the recent report of Future Market Insights, the global dredging market is slated to touch a 

value of nearly € 14,2 billion in the year 2022. 

 

Dredging activities and sediments contamination  

There’s a lack of comprehensive data about the volume of dredging activities in Europe. The 

volume of dredged material Europe-wide is very roughly estimated at 200-250 million 

tonnes/year for marine dredging and 50-60 million tonnes/year for inland dredging.  

In Italy, from 1994 to 2012, 17,8 millions m3 of relict sand was dredged in Italy. The Italian 

Port Authorities foresee almost 64 million cubic meters of sediment to be dredged in the next 

years.  

Most part of dredged material is still dumped at sea. The amount of material used beneficially, 

is estimated at roughly 63 million tons/years, but there’s a strong increase in recent years.  

The contaminated sediments are an industrial heritage of the past. The quality of the sediments 

has improved in the last years by the reduction of industrial sources of pollution. Contaminant 

concentrations, having been on a gradual decline since 1990, appear to have stabilised in recent 

years.  

The amount of material containing one or more contaminants exceeding the upper national 

action level accounts for less than 10% of the total amount of dredged material.  

In the last ten years, in Europe the amount of sediments classified as waste to be disposed or 

treated (dredged spoils) increased from 48 millions of tonnes in 2004 to 80 millions in 2014 

(Eurostat).  

The sediments contaminated by dangerous substances amount to about 1 million tonnes (1.3%). 

Most of the dredged spoils in Europe are non-hazardous sediments (code 17.05.06).  

The Netherlands (75%) and UK (16%) produce the highest percentage of dredging spoils, but 

this statistic is strongly influenced by national regulations.  

The most part of dredging spoils (approximately 86%, 69 millions of tonnes in 2014) receive 

land treatment and is released into water bodies, disposed in subaquatic confined disposal sites 

(CDFs).  

The percentage of recovered sediments reaches about 10%, while the landfilling is around 

4/5%. 

 

Sekret market estimate  

The main target market of the Sekret technology is “the remediation of dredged sediments 

contaminated by heavy metals over the regulation limits”, a niche of the € 23,3 billions “site 

remediation service”, a sub-sector, representing 35% of remediation global industry.  
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The remediation services sub-sector today is mainly dominated by the soil (brownfield land), 

air and water remediation.  

Dredged sediments remediation is an emerging market, due to changements in the management 

process of dredging activities, the stricter regulation context and increasing costs of the main 

solutions adopted until now (disposal in landfill facilities).  

Annual Global Potential Market (GPM) for heavy metals remediation for EU-28 could be 

estimated in € 210 millions (with a range between € 87 millions and € 400 millions).  

For the next three years we estimate a potential market growth between 10% and 20% per year 

up to a global market that in 2020 can be estimated at around € 326 million.  

The strong market growth is influenced by the hypothesis that dredging in Italy resumes at a 

sustained rate, especially in contaminated sites, which could lead the Italian market for Sekret 

technology to a global value of around 25 million euros by 2020;  

This evolutionary scenario leads us to hypothesise (very conservatively) a growth in the 

quantity of sediments contaminated by the 8 thousand tons recorded by Eurostat in 2014, 104 

thousand tonnes in 2018, 143 thousand tons in 2019 and 197 thousand tons in 2020.  

 

Survey results  

The direct survey we conducted, although not statistically significant (only 27 replies), 

confirms the market opportunities for Sekret, especially in reference to the Italian market. It is 

confirmed that the dredging operations are carried out with a lot of variability (only 20% of the 

AP who have replied to do them regularly), thus making the market trend difficult to plan and 

foresee. 

¾ respondents say that in the past in his port there have been problems with heavy metal 

contamination; in these cases, the prevailing solution was the placement in situ in confined 

disposal facilities or ex-situ in landfill. Although the solutions adopted to manage the 

contamination were in most cases satisfactory (82%), about 18% was not satisfied and 55% is 

still interested in other solutions. It is also important to note that more than half of respondents 

say they have to deal with  heavy metal contamination problems for dredging scheduled in the 

coming years and that  only half have already identified a solution. 

The most frequent identified solution is the technological one: in 40% of cases it is thought to 

use a technology for decontamination; however, a 26% remains that continues to see the 

solution of contamination in landfilling; finally, 87% of respondents (21 subjects) say they are 

interested in evaluating the technology developed in Sekret.  

 

Sekret market alternatives and conclusion  

The main alternative for heavy metals remediation is the disposal in landfill and in CDA 

(Confined Disposal Facilities);  

However, both solutions are being overcome, both for environmental reasons and for the strong 

growth of costs, due to the more stringent regulation and the exhaustion of existing landfills.  

The technology alternative options appear at present overall less effective in reducing the 

content of heavy metals from sediments and economically more expensive than Sekret, which 

operational cost (a part investments) have been evaluated around 62 /m3. 

However, there is a need to evaluate the configuration of the full-scale plant with greater 

attention, identifying the variables that affect investment costs and investment costs. 

For more details, see the complete “Market Analysis document” attached as appendix 2 to the 

Deliverable of Action C3 “Guidelines and recommendations for the use of the SEKRET 

approach” annexed to this final report. 
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5.2 Dissemination actions 
 

5.2.1 Objectives 

All the project beneficiaries made sure that the SEKRET project gained maximum visibility at 

a European level. During the whole project life various dissemination materials were produced 

and distributed in fairs and project workshop. A logo was designed together with roll-up, 

brochures and gadgets which allowed for a full dissemination of the project aim and results. 

The tight, fruitful cooperation among SEKRET beneficiaries gave very positive results, 

feasible in the practice and also in dissemination activities.  

Among the actions started, dissemination activities and material are fundamental in order to 

show the role of Life projects, in general, and the importance of SEKRET project, in particular, 

to people working in the field of sediment treatment and port authority. SEKRET has been 

presented in different 11 events, in 2 specific workshops organised by the beneficiaries, in a 

specific web site, in a specific facebook page, in notice boards, in gadgets and in brochures.  

All the beneficiaries were involved in the development and implementation of the following 

main SEKRET dissemination actions from the start of the project (01/01/2014) until the end of 

the project (31/10/2017). 

The following table summarises and compares for each project ACTION which dissemination 

activity and material was foreseen in the project and which was the real result at project end. 

 

DISSEMINATION PRODUCTS 

Number of 

the Action 
Name of the Action Deadline Expected results Results at project end 

Action D.1 Project website 3 months Project web site 

facebook page 

280,477 visits for the 

project web site and 78 

friends for the facebook 

page continuously 

updated  
Action D.2 Notice boards 3 months 13 notice boards  

 

13 notice boards 

displayed in 

beneficiary public 

places and in the 

demonstration site 
Action D.3 Layman's report  24 months Layman's report Layman's report in 

English, Italian and 

Dutch distributed at the 

last Workshop 
Action D.4 Articles and press 

releases  
24 months 30 articles  1 press conference, 8 

general articles and 25 

technical articles 

Action D.5 Networking  24 months Clusters with 10 

projects 

Networking contacts 

with 28 projects 
Action D.6 SEKRET 

technology manual 
24 months SEKRET manual 250 copies of the 

SEKRET manual 
Action D.7 Demonstration 

workshop, 
seminars, 
conferences and 
other events 

24 months - 2 workshops 

organized  

- 6 international events 

attended  

 

- 2 workshops 

organized with 

production of specific 

dissemination material 
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- 7 international events 

attended  
Action D.8 Dissemination to 

Institutions and 
policy makers 

24 months Contacts with at least 

15 members of 

Institutions and policy 

makers at regional, 

national and EU level 

16 contacts with 

Institutions and policy 

makers 

Action D.9 International fairs 
and other events 

24 months Participations at 4 fairs Participation at 6 fairs 

and international events 
Action D.10 Digital supports for 

international 
diffusion 

24 months 1 project video - SEKRET video in 

English, Italian and 

Dutch distributed at the 

last Workshop 

- SEKRET short video 

for events in Italian 

- SEKRET technical 

video in English 
Action D.11 After-LIFE 

Communication 

Plan 

24 months After-LIFE 

Communication Plan 

After-LIFE 

Communication Plan 

 

5.2.2 Dissemination: overview per activity 

 

5.2.2.1 Action D.1 Project website 

During February 2014 the web site www.lifesekret.com and the project Facebook page have 

been published and it is network-accessible. The site is periodically updated and it contains: 

 English and Italian versions 

 Visit counter  

 Link to LIFE+  

 Link to each beneficiary website 

 Results update 

 News update 

 Coming up 

 Reserved area 

 Link with the Facebook page for event booking/registration  

UNIPI was the responsible of the creation of the web site. The web site created was clearly and 

visibly marked with Life logo. 

At project end we had the following results: 

• Website visitors: 280,477 

• Facebook page: 78 friends 

The results of the activities carried out in Action D.1 are defined in the following project 

Deliverables foreseen at the end of Month 3 and sent as annex to the Inception Report: 

➢ Deliverable Action D1: Project website 

➢ Deliverable Action D1: Facebook profile 

 

5.2.2.2 Action D.2 LIFE+ information boards 

During the first period of the SEKRET project UNIPISA created the structure of the project 

Notice board and produced 13 SEKRET Notice boards, which were sent to all the partners and 

displayed in visible spots and accessible places to the public on the partners’ premises.  
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The results of the activities carried out in Action D.2 are defined in the following project 

Deliverable foreseen at the end of Month 3 and sent as annex to the Inception Report: 

➢ Deliverable Action D2: Notice boards 

 

5.2.2.3 Action D.3 Layman's report 

UNIPI has already prepared the SEKRET Layman’s report in English, Italian and Dutch. The 

SEKRET Layman’s report was distributed by email and directly during the last specific project 

Workshop on 28 Septmber 2017 in UNIPI operative premises at Livorno. 

The results of the activities carried out in Action D.3 are defined in the following project 

Deliverable foreseen at the project end and sent as annex to this Final Report: 

➢ Deliverable Action D3: Layman's report 

 

5.2.2.4 Action D.4 Articles and press releases  

During the whole project life:  

➢ all the SEKRET beneficiaries participated at the press conference during the SEKRET 

event on 24 February 2016 at Florence Tuscany Region premises 

➢ Production of 8 public articles related to LIFE CNR event in CNR premises on 25 

March 2014 

➢ UNIPI and UNIROMA produced the following 25 technical articles: 

1. Technical article related to the participation to congress “SiCon2014 - Siti contaminati. 

Esperienze negli interventi di risanamento”. Brescia, Italy. 6-8 February 2014. Reference: 

Masi M.; Iannelli R. Trattamento elettrocinetico di sedimenti di dragaggio portuale 

contaminati da metalli pesanti: il progetto LIFE+ "SEKRET". 

2. Technical article related to the participation to congress “13th Symposium on 

Electrokinetic Remediation (EREM 2014)”. Malaga, Spain. September 7-10, 2014. 

Reference: Iannelli R.; Masi M.; Ceccarini A.;Pomi R.;Polettini A.;Marini A.;Muntoni A.; 

De Gioannis G.;Ostuni M. B.; Lageman R. Design of a pilot electrokinetic remediation 

plant for marine sediments contaminated by heavy metals (Project LIFE12 ENV/IT/442 

"SEKRET") 

3. April 2015. Publication on “Electrochimica Acta” – Elevier Publishing, international peer 

reviewed journal. Reference: R. Iannelli, M. Masi, A. Ceccarini, M.B. Ostuni, R. Lageman, 

A. Muntoni, D. Spiga, A. Polettini, A. Marini, R. Pomi, Electrokinetic remediation of metal-

polluted marine sediments: experimental investigation for plant design, Electrochimica 

Acta.  

4. June 2015. Publication on “Ingegneria dell’Ambiente” – Italian peer reviewed journal 

(open access). Reference: Masi, M and Iannelli, R. Trattamento elettrocinetico di sedimenti 

di dragaggio portuale contaminati da metalli pesanti: il progetto life+ "SEKRET". 

Ingegneria dell'Ambiente, [S.l.], v. 2, n. 2, giu. 2015. ISSN 2420-8256.  

5. Technical article related to the participation to congress “SiCon2015 - Siti contaminati. 

Esperienze negli interventi di risanamento”.  Taormina (ME), Italy. 5-7 February 2015. 

Reference: Iannelli R.; Masi M.; Ceccarini A.; Muntoni A.; Spiga D.; Polettini A.; Marini 

A.; Pomi R. Progettazione di un impianto di rimozione elettrocinetica di metalli pesanti da 

sedimenti di dragaggio portuale. 

6. Technical article related to the participation to congress “WASCON2015. Resource 

Efficiency in Construction.” Santander, Spain. 10-12 June 2015. Reference: Iannelli, 

Renato; Masi, Matteo; Ceccarini, Alessio; Pomi, Raffaella; Polettini, Alessandra; Marini, 

Angelo; Muntoni, Aldo; Spiga, Daniela; Neri, Simone; Lageman, Reinout. Design of a pilot 

electrokinetic remediation plant for marine sediments contaminated by heavy metals 
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7. Ligand-enhanced electrokinetic remediation of metal-contaminated marine sediments with 

high acid buffering capacity, Masi, Matteo; Iannelli, Renato; Losito, Gabriella 

8. Gestione e trattamento degli elettroliti nella bonifica elettrocinetica di matrici contaminate 

da metalli pesanti, 2016, Iannelli, Renato; Masi, Matteo; Ceccarini, Alessio 

9. Modelling heavy metal trasport and geochemical effects during marine sediment 

electroremediation, 2015, Masi, Matteo; Ceccarini, Alessio; Iannelli, Renato; 

10. Mixing electrolytes during electroreclamation of marine sediment for optimized reagent 

consumption, 2015, Iannelli, Renato; Masi, Matteo; Corti, Andrea; Ceccarini, Alessio 

11. Monitoring electrokinetics by geophysical methods: preliminary laboratory investigations, 

2014, Masi M.; Ceccarini A.; Ostuni M. B.; Lageman R.; Iannelli R.  

12. Phytoremediation of dredged marine sediment: monitoring of chemical and biological 

processes contributing to sediment reclamation, 2014, Masciandaro G; Di Biase A; Macci 

C; Peruzzi E; Iannelli R; Doni S. 

13. Masi, M. (2017). Electrokinetic remediation of heavy metal-contaminated marine 

sediments: experiments and modelling. PhD Dissertation, University of Pisa. ISBN 978-

88-90228-92-6. doi:10.13131/unipi/etd/01122017-120456 

14. Masi M., Ceccarini Alessio, Iannelli R. (2016). Resistivity imaging during electrokinetic 

remediation of sediments: practical challenges in the field. In: Geophysical Research 

Abstracts. Vienna, Austria, 17/04/2016 - 22/04/2016, European Geosciences Union, vol. 

18, p. 1-1  

15. Masi M., Ceccarini A., Iannelli R. (2016). Reactive-transport modelling of electrokinetic 

extraction of heavy metals from marine sediments. In: Book of Abstracts for the EREM 

2016 Conference. p. 27-31, Abu Dhabi, United Arab Emirates, 05/09/2016  

16. Masi M., Paz-García J. M., Gómez-Lahoz C., Ceccarini A., Iannelli R. (2016). How do 

reaction kinetics affect electrokinetic remediation modelling results?. In: Book of Abstracts 

for the EREM 2016 Conference. p. 37-39, Abu Dhabi, United Arab Emirates, 05/09/2016  

17. Masi M., Ceccarini A., Iannelli R. (2016). Numerical modelling of electrokinetic extraction 

of heavy metals from harbour sediments. In: Book of abstracts. SIDISA 2016. X 

International Symposium on Sanitary and Environmental Engineering. Roma, 19/06/2016 

- 23/06/2016, ROMA: Università La Sapienza, p. 254-255, ISBN/ISSN: 978884963911  

18. Iannelli R., Masi M., Ceccarini A. (2016). Decontaminazione elettrocinetica di sedimenti 

marini in vasca di colmata: risultati preliminari di un'applicazione pilota. In: Atti del 

convegno RemTech 2016. Ferrara, 21/09/2016 - 23/09/2016 

19. Masi M., Ceccarini A., Iannelli R. (2017). Model-based optimization of field-scale 

electrokinetic remediation of marine sediments. In: EREM 2017. Montreal, Canada, 

06/08/2017 - 08/08/2017  

20. Masi M., Paz-García Juan Manuel, Gómez-Lahoz C., Ceccarini A., Iannelli R. (2017). 

Influence of chemical reaction kinetics on electrokinetic remediation modelling results. In: 

EREM 2017. Montreal, Canada, 06/08/2017 - 08/08/2017  

21. Iannelli R., Masi M., Ceccarini A. (2017). Applicazione di trattamenti di elettrocinesi per 

il trattamento di sedimenti contaminati. Il progetto EU Life SEKRET. In: SICON 2017. 

SITI CONTAMINATI Esperienze negli interventi di risanamento. Roma, 8-10 febbraio 

2017, Edizioni CSISA  

22. Masi M., Ceccarini A., Iannelli R. (2017). Modello numerico per l'ottimizzazione dei 

parametri operativi nel trattamento elettrocinetico di sedimenti marini. In: SICON 2017. 

SITI CONTAMINATI Esperienze negli interventi di risanamento. Roma, 8-10 febbraio 

2017, Edizioni CSISA 

23. Masi M., Ceccarini A., Iannelli R. (2017). Multispecies reactive transport modelling of 

electrokinetic remediation of harbour sediments. JOURNAL OF HAZARDOUS 

MATERIALS, vol. 326; p. 187-196, ISSN: 0304-3894 
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24. LAB-SCALE MONITORING OF ELECTROKINETIC REMEDIATION OF 

CONTAMINATED SEDIMENTS G. De Gioannis, A. Marini, A. Muntoni, A. Polettini, 

R. Pomi, D. Spiga  

25. RESE DI DECONTAMINAZIONE E PROBLEMI OPERATIVI DI UN 

TRATTAMENTO DI ELETTROCINESI APPLICATO A SEDIMENTI DI DIVERSA 

ORIGINE E PROVENIENZA Giorgia De Gioannis, Angelo Marini, Aldo Muntoni, 

Alessandra Polettini, Raffaella Pomi, Daniela Spiga  

The results of the activities carried out in Action D.4 are detailed in the following project 

Deliverable foreseen at the project end and sent as annex to this Final Report: 

➢ Deliverable Action D4: Technical article 

 

5.2.2.5 Action D.5 Networking 

During this period, UNIPISA and UNIROMA were responsible of the following networking 

activities: 

• Networking contacts with 28 other projects at European level 

• Participation at networking events 

• Preparation of a questionnaire using the Google forms platform which was circulated 

among approximately 50 persons, who were in charge or members of international 

projects potentially related to the topic of the SEKRET project.  

The results of the activities carried out in Action D.5 are detailed in the following project 

Deliverable foreseen at the project end and sent as annex to this Final Report: 

➢ Deliverable Action D5: Dissemination and networking report 

 

5.2.2.6 Action D.6 SEKRET sediment treatment manual and technical guidelines for the use 

of SEKRET technology 

UNIPI, with the collaboration of all the beneficiaries, has produced 250 copies of the SEKRET 

manual which were distributed to the people of the trade (including specialized decision makers 

at all levels) in the port sediment management field. 

The results of the activities carried out in Action D.6 are detailed in the following project 

Deliverable foreseen at the project end and sent as annex to this Final Report: 

➢ Deliverable Action D6: SEKRET manual and technical guidelines 

 

5.2.2.7 Action D.7 Demonstartion workshops, seminars, conferences and other events 

UNIPI and LiPortAuth organised the two specific project workshops: 

➢ Specific SEKRET workshop on 14 April 2015 at LiPortAuth (102 participants)  

➢ Specific SEKRET workshop on 28 Septmber 2017 in UNIPI operative premises at 

Livorno (107 participants)  

All the beneficiaries disseminated the project activities and results at the following events: 

➢ LIFE CNR event in CNR premises on 25 March 2014 

➢ SEKRET event on 24 February 2016 at Florence Tuscany Region premises  

➢ SiCon 2014 in February 6-7, 2014 at Brescia  

➢ SICON2015, Taormina (CT), 4-6 February 2015 

➢ SiCon 2016 in February 11-13, 2016 at Brescia  

➢ SiCon 2017 in February 8-10, 2017 at Rome  

➢ SIDISA 2016 in June 20-22, 2016 at Rome 

For the SEKRET dissemination in the workshops the beneficiaries UNIPI and LiPortAuth 

produced the following specific dissemination material:  

• 1,500  SEKRET brochures  

• 800 SEKRET gadgets  

• 2 SEKRET roll-up 
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• 4 posters 

The results of the activities carried out in Action D.7 are detailed in the following project 

Deliverables foreseen at the project end and sent as annex to this Final Report: 

➢ Deliverable Action D7: Overall attendance report for project events 

➢ Deliverable Action D7: Photographic evidence 

 

5.2.2.8 Action D.8 Dissemination to Institutions and policy makers 

The following contacts with policy makers/Institutions have been taken during the whole 

project life:  

• Councillor for the Environment of Pisa City – Italy (CNR event 2014)  

• Environmental Department of Pisa Area – Italy (CNR event 2014)  

• Port Authority of Ravenna, Taranto, Genova, Venezia, Trieste, Ancona (SEKRET 

workshop 14 April 2015 at LiPortAuth) 

• Italian Environment Minister, Tuscany Region President, Tuscany Region Councillors 

for the Environment and for the Infrastructures (SEKRET event 24 February 2016 at 

Florence Tuscany Region premises) 

• ISPRA, ARPAT and  Port Authority of Livorno (SEKRET workshop 14 April 2015 at 

LiPortAuth)  

 

5.2.2.9 Action D.9 Internationals fairs and other events 

Some beneficiaries disseminated the SEKRET project participating in the following 

international fairs: 

• EREM 2014, 13th Electrokinetic Remediation  Symposium, Malaga (E), 7-10 of 

September 2014 

• CEST2015, in September 3-5, 2015 Rodi, Greece  

• WASCON2015, Santander, 10-12 June 2015 

• International Simposium “Sardinia2015”, Cagliari. 5-9 October 2015 

• REMTECH 2016 in September 21-23, 2016 at Ferrara  

• EREM 2017, Montreal (Canada), 6-8 of August 2017 

The results of the activities carried out in Action D.9 are detailed in the following project 

Deliverables foreseen at the project end and sent as annex to this Final Report: 

➢ Deliverable Action D9: Fair participation report 

 

5.2.2.10. Action D.10 Digital supports for international diffusion 

During the whole project life: 

➢ UNIPI has produced a short project video in Italian for the SEKRET event on 24 February 

2016 at Florence Tuscany Region premises  

➢ UNIPI has produced the general final SEKRET project video in Italian, English and Dutch 

distributed during the last specific project Workshop on 28 Septmber 2017 in UNIPI 

operative premises at Livorno 

➢ WESTSYSTEM has produced a specific technical implementation SEKRET project video 

in English  

The results of the activities carried out in Action D.10 are detailed in the following project 

Deliverables foreseen at the project end and sent as annex to this Final Report: 

➢ Deliverable Action D10: Project DVD 

 

5.2.2.11 Action D.11 After-LIFE Communication Plan 

UNIPI, with the collaboration of all the beneficiaries, has prepared the After-LIFE 

Communication Plan report. 
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The results of the activities carried out in Action D.11 are detailed in the following project 

Deliverables foreseen at the project end and sent as annex to this Final Report: 

➢ Deliverable Action D11: After-LIFE Communication Plan 

 

 

5.3 Evaluation of Project Implemention  
The project coordination actions needed daily work to maintain a permanent flow of action 

with the aim of achieving the objectives set. The actions carried out were: 

➢ Preparation of the Partnership Agreement 

➢ 7 Coordination meetings 

➢ 5 Monitoring meetings 

➢ Organisation of different direct, phone and web meetings between some partners in order 

to plan and monitor the project technical activities 

➢ Continuous contact between all project partners for monitoring project activities 

➢ General actions and activities for the coordination of the project.  

➢ Management of the financial aspects of the project. 

➢ Monthly reports to the LIFE external team monitor on the evolution of the project. 

➢ UNIPI, as project coordinator, prepared and sent a monthly indication of operative 

activities to be done to all the partners 

➢ UNIPI, as project coordinator, prepared and sent a monthly summary of the project 

activities carried out to the monitoring representant and to all the partners 

 

The following table compares through quantitative and qualitative information the results 

achieved at the end of the SEKRET project against the objectives of the proposal: 

 

Action Foreseen in the revised 

proposal 

Achieved at project end Evaluation 

A1 

Preliminary 

assessment of 

working 

environment. 

By end of 3rd quarter 1st 

year 

Collection of sediment 

data 

Preliminary design of 

facility 

Obtaining all 

permissions 

Preliminary sampling 

Sediment 

characterization 

Lab-scale EK tests 

Completed on 30-9-14. 

All tasks performed on 

time. 

Lab EK tests required 

longer time due to low 

contamination and data 

uncertainty regarding 

the design of electrolyte 

treatment and the 

choice of optimal 

electrolyte conditioning 

All tasks completely 

achieved on time 

Minor implication to 

activity B1 due to 

extra time necessary 

for EK tests. The 

permit obtained from 

Region Toscana 

demanded landfill 

disposal of the treated 

sediment because of 

the demonstration 

nature of the plant 

B1 Design of 

demonstration 

plant. 

By end of 2nd quarter 1st 

year 

Detailed design of all 

electro-remediation 

facility components 

(energy supply, 

electrodes, electrolite 

casings, electrolite 

management sys., 

electrolyte purification 

Completed on 15-9-14 

(delay of 2.5 months). 

All design completed. 

Basin cover added (not 

originally planned). 

The electrolyte 

treatment sys. will be 

installed 3 months after 

plant startup to check 

All tasks completely 

achieved with a delay 

of 2.5 months 
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sys. control and 

monitoring sys.) 

the proper operating 

conditions 

B2 

Construction 

and validation 

of 

demonstration 

plant 

components 

By end of 4nd quarter 1st 

year 

Factory assembly and 

testing of components 

ready to be installed in 

the plant 

Completed on 30-5-15 

(delay of 5 months). 

All components 

assembled and 

successfully tested but 

electrolyte treatment 

sys. which was 

transferred to action B4 

to better fit operating 

conditions 

All tasks achieved 

with a delay of 5 

months. Electrolyte 

purification sys. 

moved to action B4 to 

better fit operating 

conditions 

B3 

Construction 

and validation 

of the 

demonstrative 

plant 

By end of 4nd quarter 1st 

year 

Construction of prefab 

walls 

installation of 

components assembled 

in action B2 

Plant testing and 

validation 

 

Completed on 30-6-15 

(delay of 6 months). 

Basin cover added (not 

originally planned). 

All parts constructed 

and tested. Minor 

leakage detected in the 

electrolyte circuit 

requiring minor 

alteration to be 

performed by 13 July 

2015. 

All tasks achieved 

with a delay of 6 

months. Electrolyte 

treatment sys. was 

transferred to action 

B4 to better fit 

operating conditions. 

Minor alteration 

required after final 

testing, to be 

performed in 2 extra 

weeks 

B4 

Demonstration 

of the 

SEKRET 

technology 

Start: 1st quarter 2nd 

year 

End: 2nd quarter 3rd year 

Dredging sediments 

Operation and 

monitoring of 

demonstrative plant 

Action started in 01/15 

as expected. 

Dredging and basin 

filling completed on 

time. Electrolyte 

treatment (moved from 

actions B2-B3) 

completed with new 

configuration on April 

2016. Operation and 

monitoring of 

demonstrative plant 

completed on August 

2017 (delay of 1 year, 

on time with new 

timetable approved with 

requested amendment). 

The sediment 

decontamination was 

fully achieved although 

the low initial 

contamination allowed 

to reach % of removal 

lower than expected. 

The final landfill 

disposal of sediments 

Action B4 was the 

main task of the 

project. It underwent 

several problems 

which were solved 

with adequate 

countermeasures 

(promptly described in 

the four progress 

reports).  The 

electrolyte treatment 

sys. was moved to this 

action and completed 

on April 2016. The 

delay of this action 

required an 

amendment which 

extended the duration 

of the whole project of 

10 months. The action 

was completed in 

August 2017 in time 

with the newly 

approved timetable. 

The main result of 

sediment 
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was demanded by the 

Regional Permit despite 

the reached compliance. 

It served as a positive 

example for future 

permit applications of 

similar treatment plants. 

 

decontamination (in 

terms of final 

concentrations and 

compliance with law 

standards) was fully 

achieved although the 

low initial 

contamination allowed 

to reach % of removal 

lower than expected 

 

B5 

Development 

of policy-

oriented 

recommendati

ons 

Start: 3rd quarter 2nd 

year 

End: 4th quarter 3rd 

year 

A treatment protocol as 

a simple set of best-

practice procedures, or 

a set of guidelines, or in 

the most favourable 

case a base for the 

production of an 

integrated legislative 

framework on sediment 

handling. 

Action started on time 

and completed on time 

with the approved 

amendment timetable. 

Final deliverables 

demonstrated the full 

achievement of the 

objectives of this action 

with production of a 

Best practice report and 

policy oriented 

recommendations 

deriving from the 

demonstrative plant 

experience 

Action B5 was 

performed with 

responsibility of 

UniPisa instead of 

TuscanyReg (this was 

acknowledged by the 

EC after 

communication within 

the mid-term report). 

C1 Monitoring 

and 

characterizatio

n of treated 

sediments 

Start: 3rd quarter 3rd 

year 

End: 4th quarter 3rd 

year 

Demonstration of the 

efficiency of the EKR 

technology performing 

chemico-physical 

analyses. The 

characterization will 

demonstrate a removal 

of: 

§ 80% for Cd, Hg and 

Pb; 

§ 95% for Ni, Zn, As, 

Cu and PAH; 

And a reduction in the 

sediment volume up to 

50%, leading to a 

halved space needed for 

their disposal. 

It started earlier than 

the planned starting 

date (01/05/2017) and 

involved the complete 

characterization and 

analyses of all the 

environmental 

compartments, i.e., 

solid phase (sediments), 

liquid phase (catholyte 

and anolyte) and the gas 

phase (gas emissions). 

It was completed on 

time with the newly 

approved timetable 

after amendment. The 

results were fully 

achieved, with the 

demonstration of 

treatment effectiveness. 

The test reports of the 

chemical analyses are 

presented in the 

annexes to the 

“Characterization 

report on treated 

sediments” deliverable 

to action C1. 

The final dismantling 

of the demonstrative 

plant, as well as the 

transport and disposal 

of treated sediments to 

landfill, as requested 

by the Tuscany Region 

within the permit of 

the plant, was included 

in this action. 

 

C2 Validation 

of the 

demonstrated 

Start: 4th quarter 1st year 

End: 4th quarter 3rd year 

Action started on 12 

2014 as expected. 

The duration of this 

action was extended to 

the end of the newly 
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technology 

with 6 more 

types of 

polluted port 

sediments 

c2.1a Sediment sample 

selection and collection 

c2.1b Sample 

characterization 

c2.2 Lab-scale tests 

c2.3 Identification of 

operating conditions. 

This action started on 

time and was completed 

at the end of the 

extended working 

period (October 2017) 

coming from the 

approved amendment. 

The extra-time allowed 

us to perform a set of 

tests larger than what 

foreseen in the 

proposal. The expected 

objectives were fully 

achieved. 

approved timetable, 

and the extra time 

available allowed us 

to improve the goals 

and to perform an 

extended set of extra 

experiments, which 

improved the 

completeness of 

findings and results. 

C3 Assessment 

of technical 

and economic 

part - 

Technical 

guidelines for 

the use of 

SEKRET 

technology 

Start: 1st quarter 2nd y 

End: 2nd quarter 3rd 

year 

- LCA tools and 

methods 

- Life Cycle 

Assessment of Sekret 

technology 

- Market analysis 

- Guidelines and 

recommendations for 

the use of the SEKRET 

approach 

This action was 

completed at the end of 

the extended working 

period (October 2017) 

as foreseen by the 

approved extended 

timetable. The results of 

life-cycle assessment 

and market analysis 

showed that this is the 

only possible 

alternative to landfill 

disposal of clayish-silty 

dredged sediments 

polluted by heavy 

metals, and that the 

technology is of interest 

for almost all the 

interviewed 

stakeholders (port 

authorities and dredging 

companies and 

enterprises) although 

the cost is higher than 

landfill disposal 

Among the main 

results of LCA, the 

electricy cost is high 

but can be 

significantly reduced 

with the experience 

gained by this almost 

unique full scale 

application. It is 

practically the only 

alternative to 

landfilling. The 

comparative LCA 

with landfilling did 

not show significant 

advantages on 

landfilling, but it was 

influenced by energy 

costs (that can be 

reduced by improving 

the technology) and 

by an impair  

evaluation of landfill 

environmental costs, 

which is a limitation 

of presently available 

LCA intentories. 

Market analysis 

showed that the 

market is presently 

immature for these 

technologies, but 

almost all interviewed 

port authorities and 

dredging companies 

and enterprised 
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showed interest in the 

results of the 

SEKRET technology  

demonstration. 

Action D.1 

Project website 

Project web site 

facebook page 

314,876 visits for the 

project web site and 81 

friends for the facebook 

page continuously 

updated  

In line and regularly 

updated 

Action D.2 

LIFE+ 

information 

boards 

13 notice boards  

 

13 notice boards 

displayed in beneficiary 

public places and in the 

demonstration site 

In line 

Action D.3 

Layman's 

report 

Layman's report Layman's report in 

English, Italian and 

Dutch distributed at the 

last Workshop 

In line 

Action D.4 

Articles and 

press releases 

30 articles  1 press conference, 8 

general articles and 25 

technical articles 

More than expected 

Action D.5 

Networking 

Clusters with 10 

projects 

Clusters with 10 

projects 

In line 

Action D.6 

SEKRET 

sediment 

treatment 

manual and 

technical 

guidelines for 

the use of 

SEKRET 

technology 

SEKRET manual 250 copies of the 

SEKRET manual 

In line 

Action D.7 

Demonstration 

workshop, 

seminars, 

conferences 

and other 

events 

- 2 workshops 

organized  

- 6 international events 

attended  

 

- 2 workshops 

organized  

- 7 international events 

attended  

 

More than expected 

Action D.8 

Dissemination 

to Institutions 

and policy 

makers 

Contacts with at least 

15 members of 

Institutions and policy 

makers at regional, 

national and EU level 

16 contacts with 

Institutions and policy 

makers 

More than expected 

Action D.9 

International 

fairs and other 

events 

Participations at 4 fairs Participation at 5 fairs 

and international events 

More than expected 

Action D.10 

Digital 

1 project video - SEKRET video in 

English, Italian and 

More than expected 
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supports for 

international 

diffusion 

Dutch distributed at the 

last Workshop 

- SEKRET short video 

for events in Italian 

- SEKRET technical 

video in English 

Action D.11 

After-LIFE 

Communicatio

n Plan 

After-LIFE 

Communication Plan in 

Italian and English 

After-LIFE 

Communication Plan in 

Italian and English 

In line 

E.1 Project 

management 

Management of project 

activities 

Continuous contact 

between all project 

partners and project 

meetings 

Great beneficiaries 

collaboration 

E.2 Project 

monitoring 

Monitoring of project 

activities 

monthly indication of 

operative activities  and 

monthly summary of 

the project activities  

Great help from 

monitoring team 

E.3 Audit 

Report 

Audit Report Audit Report In line 

 

It is clearly evident from the above table that the work carried out at the SEKRET end is 

perfectly in line with was expected in the SEKRET project. 

 

 

5.4 Analysis of long-term benefits  
1. Environmental benefits 

a. Direct / quantitative environmental benefits 

Electrokinetic technology allows decontamination of heavy metal polluted harbour sediment 

down to contaminant levels feasible for their beneficial re-use in full compliance with 

legislation, with reduced air and water pollution in comparison to their main present 

destination, which is landfilling. Contaminant removal renders the sludge inert, and safe for 

disposal or other uses. Treated sediments are compliant for their disposal in long-shore disposal 

facilities (CDFs) that could be subsequently converted either into a port industrial/commercial 

facility or into a recreational area - re-used for habitat restoration /enhancement or beach 

nourishment, aquaculture activities, parks and recreation, forestry, agriculture and horticulture, 

construction and industrial use and so on, with a substantial reduction of overall projects costs.  

The main direct environmental benefit is that, in this project, 150 m3 of dredged harbour 

sediments polluted by low concentration of heavy metals (Cr, Zn, Cu, Pb, Cd, Ni) were 

successfully treated so as to reduce the concentration of these metals under their thresholds of 

table 1 column A of Annex 5 to Part IV Title V of D.lgs. 152/2006. Although not in the initial 

objectives, also Hg and Total hydrocarbons reached the full compliance. All other parameters 

were compliant since the beginning. 

The second benefit is the reduction of volume by the electrokinetic effect generated by the 

electro-osmotic transport of pore water towards the negatively charged cathode, leading to a 

significant reduction of the total sediment volume. 

The demonstrative plant built and run within this Life project reached these goals, although the 

final product was disposed to a landfill due to a mandatory request imposed in the phase of the 

initial plant permit issued by the dedicated office of the Tuscany Region. The reason of the 

request was that permits for recycle of treated materials can be issued only when the 
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effectiveness of the treatment has been previously demonstrated by similar full scale plants. 

Hence, the main achievement of this demonstration is that, starting from now, electrokinetic 

plants aimed at removing heavy-metals from dredged harbour sediment can be authorized 

thanks to the effectiveness of the SEKRET full scale demonstration performed within this 

project. 

 

b. Relevance for environmentally significant issues or policy areas 

Sludge as a contaminated natural sediment (e.g. harbours, rivers, lakes, water reservoirs), or 

from industrial processes (eg. water purification) is a high volume waste with major disposal 

problems due to the high water content and levels of contaminants. Current EU practice is 

storage in vast depots without treatment. This project developed at demonstrative level a novel 

environmental technology based on electrokinetic processing for cleaning and dewatering of 

contaminated sludge, which will greatly reduce the storage room needed for this high volume 

waste. Specifically, the field of application is the treatment of silty-clayish dredged sediments 

polluted by heavy metals. For this very specific application no alternative treatments are 

presently feasible, since almost all chemical treatments are not effective and convenient for 

sediments with very low hydraulic conductivity; almost all biological treatments are not 

effective for metal removal (only metal immobilization can be pursued) and phytoremediation 

techniques are too time-consuming and require e preliminary blending with significant fraction 

of other matrices to improve hydraulic conductivity and fertility. 

Moreover, it will to a certain extent contribute to the creation of a stronger and more stable 

Europe, by enlarging the European Union and promoting more co-operation amongst Member 

States, it will contribute also to a new economic and social agenda, promoting employment and 

modernizing the economy and last but not least it will contribute to a better quality of life for 

citizens, focusing on a safe environment. 

The objective of the SEKRET project is to demonstrate, through a series of dedicated actions, 

that sediments dredged from port seabeds often characterized by concentrations of heavy 

metals and hydrocarbons beyond the standards of acceptability (Decree of the Ministry of the 

Environment and Land Protection and Sea n. 471/99) can be treated by electrokinetic 

remediation. 

The coastline of Tuscany region is characterized by a remarkable morphological heterogeneity 

which partly reflects the different productive vocations:  

• protected areas with great environmental value - such as the National Park of the Tuscan 

Archipelago -  

• in close contact with some areas of major commercial importance, including three of the 

leading Italian commercial ports: Livorno, Carrara and Piombino, classified as of national 

importance. 

The Port of Livorno is located just 2.5 miles between the Marine Protected Area "Meloria 

Shoals" (“Secche della Meloria”) and the Migliarino San Rossore Park facing the sea with a 

dune belt of high environmental importance. Just south of the port of Cararra we find the 

Versilia coast, popular for tourist accommodation vocation. In front of the Port of Piombino - 

a town characterized by the presence of major metallurgy production - there is the Island of 

Elba, the main island of the Park of the Tuscan Archipelago with a high level of tourist activity 

based on the particularly high environmental quality. 

The coexistence of different economic activities - mainly industrial and tourist accommodation 

- obliges the public decision maker to adopt a set of policies focused to reconcile the various 

environmental, socioeconomic and production aspects of the different coastal areas, adopting 

an integrated ecosystem and holistic approach, which promotes and takes into account the 

coexistence of the different activities and local vocations. The logical approach responds to the 

principles of integrated management of the coast and the recent Directive 2014/89UE of the 
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European Parliament and of the Council of 23 July 2014 on the Establishment of a "framework 

for Maritime Spatial Planning". 

The environmental aspects and the knowledge of the mechanisms of interaction between 

"pressure" - "state" - "impacts" - "mitigation actions" are factors working against the policies 

of government intervention regarding the protection and enhancement of the coast. Such 

policies are now implemented in accordance to an operating scheme which is routinely used 

and consistent with the provisions of: 

• Directive 2000/60 / EC of the European Parliament and of the Council which establishes a 

framework for Community action in the field of water policy, and  

• Directive 2008/56 / EU of the European Parliament and of the Council establishing a 

framework for Community action in the field of marine environmental policy. 

The actions (the "answers"), which constitute the set of interventions, are compared with the 

impacts, represented by the positive or negative changes of the environment, assessed 

quantitatively and qualitatively. 

he Tuscany Region has adopted this scheme as a methodological framework, relevant for its 

policy measures. 

The issue of the management of dredged sediments is part of this conceptual framework and it 

has been consistently made operational at the project level. 

The goal of achieving the compliance of heavy metal and hydrocarbon concentrations to the 

standards of acceptability, is the first of the direct environmental benefits and the first 

demonstration of the importance of this project for environmental issues, sustainability and 

eco-efficiency.  

The innovative treatment technology is experimented in the port of Livorno in order to 

demonstrate the technical and financial feasibility of the project in a particular context such as 

the Mediterranean Sea. Additionally, the environmental benefits will be highlighted and 

analyzed, in order to compare  this option to other management strategies which involve land 

filling and dumping at sea. Thus, the project is carried out at a demonstration scale in the 

context of a fully operative port. 

The Barcelona Convention for the Protection of the Mediterranean Sea against pollution (1976) 

includes seven protocols aimed at addressing specific aspects of the protection of the 

Mediterranean Sea. The first released protocol (Dumping Protocol) forced Member States to 

rely on dumping at sea only after having verified, both technically and economically, the 

inability to manage the material in a different way. 

In this context, the innovative treatment of sediments tested in the Port of Livorno is a 

sustainable  ''mitigation action", consistent with the guidance provided by the Barcelona 

Convention. 

The SEKRET project activities are a practical example, contextualized in particular marine 

area (the Mediterranean), of the application of the methodological principles contained in the 

European regulatory framework and international agreements. 

The results of these activities were translated into specific guidelines for the environmentally 

sustainable treatment of sediments (see Deliverable related to Action B.5: Final best practice 

report;  Deliverable related to Action C.3: Guidelines and recommendations for the use of the 

SEKRET approach; Deliverable related to Action D.3: Layman's report; Deliverable related to 

Action C.3: Life Cycle Assessment of Sekret technology; Deliverable related to Action B.5: 

Policy oriented recommendations), in order to become a reference example to be replicated in 

other similar situations. 

The demonstrative plant built and run within this Life project reached all the mentioned goals, 

although the final product was disposed to a landfill due to a mandatory request imposed in the 

phase of the initial plant permit issued by the dedicated office of the Tuscany Region. The 

reason of the request was that permits for recycle of treated materials can be issued only when 
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the effectiveness of the treatment has been previously demonstrated by similar full scale plants. 

Hence, from a policy point of view, the main achievement of this demonstration is that, starting 

from now, electrokinetic plants aimed at removing low-concentration heavy-metals from 

dredged harbour sediment can be authorized thanks to the effectiveness of the SEKRET full 

scale demonstration performed within this project. 

 

2. Long-term benefits and sustainability  

a. Long-term / qualitative environmental benefits 

European rivers, estuaries and harbours have long been used as a common sewerage system. It 

is only in the past few decades that people have started to realize essential resources are being 

contaminated with high volume industrial wastes such as sludge. More than half of our drinking 

water is retrieved from surface water which can be in contact with polluted sludge; also rivers 

and coastal sanctuaries are important breeding grounds for new life and fish and shellfish are 

often affected by contamination, especially heavy metals found in sludge and bottom 

sediments. Large volumes of sludge are produced annually by water supply companies which 

have to treat water to make it potable.  

Sludge is generally stored in landfill sites, which apart from being costly, and where 

contaminants are not removed, is not a solution to the problem. This project develops a highly 

innovative electro-kinetic method for removal of metals from sludge coupled with dewatering, 

whereby the volume of sludge can be significantly reduced. In addition a subsequent post-

treatment of the metal bearing water could recover the metals and leaves clean water for 

recycling or reuse.  

For long-term projects (see section 3 of chapter 5.4), electricity can be supplied by solar and/or 

wind power, thus making this technology fully sustainable. 

In short, it is a solution of environmental issues related to contaminated sediment management: 

instead of sending non-compliant sediments to relative hazardous waste landfills or of dumping 

them at the open. Specifically, the application of the SEKRET technology finds its optimal 

field in the removal of heavy metals from polluted silty-clayish dredged sediments, where no 

other removal techniques are viable. The long-term qualitative environmental benefits of this 

projects are recognized in that , starting from now, electrokinetic plants aimed at removing 

heavy-metals from dredged harbour sediment can be authorized thanks to the effectiveness of 

the SEKRET full scale demonstration performed within this project. 

 

 

b. Long-term / qualitative economic benefits 

Electrokinetic sludge treatment will result in 100% saving on long distance sea/land transport 

of sediments. The expected economic impact of the new sediment management for construction 

and maintenance works will be of at least 15 million € on triennial basis, only taking into 

account the Livorno Port Authority 2010-2012 Operative Plan. The volume of dredged material 

Europe-wide is very roughly estimated at 200 million cubic meters per year, around 60% of 

which is contaminated. The estimated potential market in the EU is 1 billion € annually (Sednet 

Final Conference Venice, 2011). Time to market would be 2-4 years after project completion. 

The potential market for the SEKRET technology was examined in detail in the Deliverable 

related to Action C.3: “Guidelines and recommendations for the use of the SEKRET approach” 

attached to this final report, which includes a market analysis performed by the specialized 

company SIMURG Ricerche. It confirmed the aforementioned figures, and showed that all the 

potential stakeholders (commercial port authorities and remediation and environmental 

services companies) subjected to telephone interviewed declared interest in the SEKRET 

technology. 
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c. Long-term / qualitative social benefits 

A major social aim of the Life programme is to stimulate and support employment throughout 

the EU. The SEKRET process contributes both directly and indirectly to this aim. The medium 

and long term aim of the project is to develop an advanced product-service, integrating state of 

the art technology, namely a novel process for the SEKRET remediation, first of natural sludge. 

At a later stage it can also be applied for industrial and other sludge. The SMEs developing the 

process see an expansion in the market based on preliminary surveys and interest shown by 

end-users. The main employment benefits will not only come from the production and sales of 

the process alone, but also in the linked services for environmental consultancy, site assessment 

and environmental applications. 

 

d. Continuation of the project actions by the beneficiary or by other stakeholders. 

The coordinating beneficiary, University of Pisa, will continuate the project actions of the 

SEKRET project within the GRRinPORT INTERREG Marittimo program, in cooperation with 

six Italian and French partners. The goal will be that of demonstrating the application of the 

technology on the fine fraction of dredged sediments separated by a sediment washing 

demonstrative plant. This goal will be carried out in cooperation with ISPRA. This objective 

comes from the consideration that the fine fraction separated by sediment washing plants 

usually retains most of the pollution of the raw matrix. The electrokinetic technology can 

enable the recovery of this fraction which is usually landfilled as most presently available 

treatments are not viable to treat it, while the SEKRET project demonstrated that the treatment 

is possible and economically viable. 

Additionally, there is a lot of interest from companies working in the remediation and dredging 

business, and further chances for the present beneficiaries (in addition to the GRRinPORT 

project) to team up with these companies, after the results of the Pilot were made public. 

 

3. Replicability, demonstration, transferability, cooperation: Potential for technical 

and commercial application (transferability reproducibility, economic feasibility, 

limiting factors) including cost-effectiveness compared to other solutions, benefits 

for stakeholders, drivers and obstacles for transfer, if relevant: market conditions, 

pressure from the public, potential degree of geographical dispersion, specific 

target group information, high project visibility (eye-catchers), possibility in same 

and other sectors on local and EU level, etc.  

The SEKRET LIFE+ Project was born as a result of the increasing community pressure for 

new solutions for contaminated dredged material management, because of decreasing space, 

public acceptance, environmental issues and increasing costs for the disposal in landfills or 

dumping at the open sea.  Successful electrokinetic treatment of contaminated soil or sludge 

mainly depends on two factors, energy and time or electrical charge i.e. Ampere x second. In 

practice it means that the same remediation result can be obtained either by inducing a large 

quantity of amperes (electrical current) during a short time, or a small amount of amperes 

during a (very) long period. In order to make it a really sustainable technology in terms of 

energy use and environmental efficiency, large volumes (millions m3)  of contaminated sludge 

could be stored in long-shore CDFs, provided with an electrokinetic system, consisting of 

electrodes, an electrolyte management system and electrical power distribution facilities. 

Within a period of 20-25 years, these large volumes of contaminated sludge would be 

remediated against very low costs when electricity is supplied by solar and/or wind power. 

The estimated cost of the application (ranging from 60 to 150 €/m3 for a full-scale treatment) 

makes it feasible for the fraction of sediments which has a silty-clayish structure and, at the 

same time, is polluted by heavy metals. This fraction can be roughly estimated as around 5% 

of the overall polluted sediments being dredged in Europe. The success of the SEKRET project 



78 

 

enables the issue of permits for the operation of such plants worldwide, as elucidated in the 

deliverabled attached to this final report (see Deliverable related to Action B.5: Final best 

practice report;  Deliverable related to Action C.3: Guidelines and recommendations for 

the use of the SEKRET approach; Deliverable related to Action D.3: Layman's report; 

Deliverable related to Action C.3: Life Cycle Assessment of Sekret technology; Deliverable 

related to Action B.5: Policy oriented recommendations). 

 

4. Best Practice lessons: briefly describe the best practice measures used and if any 

changes in the followed strategy could lead to possible adjustment of the best 

practices 

Electrokinetic technology for the removal of heavy metals from contaminated soil and 

groundwater has been applied already for several decades, in numerous projects in Europe, 

USA and Japan. The experience gathered during these projects have been invaluable for 

preparation and design of the present Pilot. The SEKRET technology for remediation of sludge 

is innovative and will lead to new, best practice experiences for this particular application, once 

the operational phase has started. The first collection of best practice guidelines for the 

application of the technology in the Tuscany Region will be drawn up within Action C3 of this 

project, and disseminated to institution and policy makers within Action D8, with direct 

involvement of the Tuscany Region itself, which is an Associated Beneficiary of the SEKRET 

project. These activities are expected to work as a pioneering action for guidelines extension 

and update in Italy and in the European Union by way of further similar collections of best 

practice guidelines to be drawn up in the long term in the after-life phase of the project. The 

best-practice lesson is elucidated in the Deliverable related to Action B.5: Final best practice 

report attached to this final report. According to this report, process parameters are to be 

monitored during remediation, following a monitoring plan developed specifically, in 

particular the process parameters in the container as well as the field parameters. This is 

primarily in order to track the remediation process and if necessary make changes to it. The 

secondary goal is to determine whether the end result is being achieved. The goal of the 

monitoring plan is to make clear to the environmental technician which process parameters 

need to be collected and sampled and with what frequency. The plan usually consists of a block 

diagram setting out the action to be taken and the time. The standard unit of time is one week. 

Finally, best practice on sampling is reported and attention was pointed out on the following 

aspects: malfunctions and problems of the facility operation, environmental technology 

problems, climatological conditions and problems with the purification system. 

 

5. Innovation and demonstration value: Describe the level of innovation, 

demonstration value added by EU funding at national and international level 

(including technology, processes, methods & tools, organisational & co-operational 

aspects); 

So far there are no solutions other than dumping contaminated sludge in large depots with all 

of its negative side effects such as large scale transportation, negative environmental impact 

and high cost. The electrokinetic remediation technology has been applied for 20 years at 

laboratory scale, with some full-scale applications to remediation of polluted soils. No full-

scale applications to dredged sediments were available in literature until now. The SEKRET 

technology is innovative and not yet applied for sludge remediation. The ultimate value of the 

Pilot is to demonstrate that this technology is capable of remediation large volumes of 

contaminated sludge with feasible costs, as elucidated in the attached deliverables (see 

Deliverable related to Action B.5: Final best practice report;  Deliverable related to 

Action C.3: Guidelines and recommendations for the use of the SEKRET approach; 

Deliverable related to Action D.3: Layman's report; Deliverable related to Action C.3: Life 
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Cycle Assessment of Sekret technology; Deliverable related to Action B.5: Policy oriented 

recommendations). 

 

6. Long term indicators of the project success: describe the quantifiable indicators to 

be used in future assessments of the project success, e.g. the conservation status of 

the habitats / species. 

Estimated potential market and time to market. The estimated potential market in the EU is 1 

billion € annually (Sednet Final Conference Venice, 2011). Time to market would be 2-4 years 

after project completion. 

Main medium-to-long-term aim of the project. Since a major social aim of the Life programme 

is to stimulate and support employment throughout the EU, the SEKRET process contributes 

both directly and indirectly to this aim. The medium and long term aim of the project is to 

develop an advanced product-service, integrating state of the art technology, namely a novel 

process for the SEKRET remediation, first of natural sludge. At a later stage it can also be 

applied for industrial and other sludge. The SMEs developing the process see an expansion in 

the market based on preliminary surveys and interest shown by end-users. The main 

employment benefits will not only come from the production and sales of the process alone, 

but also in the linked services for environmental consultancy, site assessment and 

environmental applications. 

Involvement of beneficiaries in the after-life continuation. While this project does not foresee 

a direct continuation of project actions in the after-life stage with direct involvement of the 

beneficiaries, there is a lot of interest from companies working in the remediation and dredging 

business, leading to chances for the present beneficiaries to teaming up with these companies. 

Long-term effect of driving new best practice experiences. Electrokinetic technology for the 

removal of heavy metals from contaminated soil and groundwater has been applied already for 

several decades, in numerous projects in Europe, USA and Japan. The experience gathered 

during these projects have been invaluable for preparation and design of the present Pilot. The 

SEKRET technology for remediation of sludge is innovative and will lead to new, best practice 

experiences for this particular application, once the operational phase has started. The first 

collection of best practice guidelines for the application of the technology in the Tuscany 

Region will be drawn up within Action C3 of this project, and disseminated to institution and 

policy makers within Action D8, with direct involvement of the Tuscany Region itself, which 

is an Associated Beneficiary of the SEKRET project. These activities are expected to work as 

a pioneering action for guidelines extension and update in Italy and in the European Union by 

way of further similar collections of best practice guidelines to be drawn up in the long term in 

the after-life phase of the project. 

Possible indicators of long-term project success: 

• Number of revisions and updates of the manual and guidelines for technology 

application drawn up during the after-life stage 

• Number of drafts and application to policy makers in Italy and European Union for the 

inclusion of the technology within the list of feasible techniques for remediation of 

polluted sediments and sludges 

• Number of approved guidelines 

• Number of enforced and standardized technical rules directly or indirectly derived from 

the SEKRET manuals and guidelines 

• Number of prototype and full-scale implementations of electrokinetic reclamation of 

sediments and sludges in Italy and EU 

• Tonnes (or cubic meters) of treated sediment and sludges in Italy and EU 

• Kilograms of metals (Cd, Cr, Cu, Hg, Ni, Pb, Zn...) removed by electroreclamation 

• Kilograms of metals (Cd, Cr, Cu, Hg, Ni, Pb, Zn...) recovered by electroreclamation 
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• Cubic meters of landfill storage saved 

 

 

6. Comments on the financial report 
No particular problems or difficulties emerged in the development of the project.  

Some minor variations of the cost categories planned in the proposal were introduced in the 

financial report for improving the cost-efficiency of the project and/or for complying with the 

rules dictated in the framework of plant construction/operation permit obtained from the 

Tuscany Region. These rules were not foreseen in the proposal, but the variation was possible 

without significant impact on the overall budget of the project thanks to some cost savings 

obtained by performing internally some activities originally planned to be contracted out. It 

must be emphasized that the unforeseen costs deriving from rules dictated in the framework of 

the obtained permit were impossible to be accurately estimated in the proposal stage, because 

the whole procedure was completely new and required a long negotiation with the dedicated 

office of the Tuscany Region that started immediately after the confirmation of the EC project 

co-funding, far before the formal start of the project. Specifically, the most relevant cost 

variations are discussed and commented as follows:  

➢ The process assessment and some of the analyses foreseen to be contracted out by the 

Coordinating Beneficiary within Actions C1 and C3 will be performed by the Coordinating 

Beneficiary using internal Personnel, equipment and consumables. The overall foreseen 

external assistance cost of € 20000 included in Action C3 and part of the external assistance 

cost of € 35000 foreseen in Action C1 are being moved to the Personnel, Equipment and 

Consumables cost categories. Although Actions C1 and C3 have not started yet, some 

Equipment and Consumable costs have been already spent, as they were also used for 

laboratory and modeling activities performed by UniPisa within Actions A1 and C2 in 

support to UniRoma1. Specifically, some unforeseen costs, and particularly the costs 

reported as “Provision of user licenses for software applications” were spent to perform the 

aforementioned activities which were originally foreseen to be contracted out, with some 

cost savings. The cost for software user licenses was split into a durable equipment part (as 

the statutory rules of University of Pisa considers software licenses as durable equipments) 

which is the general license of Comsol software (education discounted cost) and a time-

expiring supplement (included in the consumables section) which was specifically 

requested by the seller for allowing its use within the framework of a European Life project.  

➢ The Plant construction/operation permit obtained from the Tuscany Region includes the 

mandatory request to disassemble the demonstrative plant at the end of the project. It also 

includes the mandatory request to take out a bank guarantee (Fidejussione) for ensuring the 

budget for the future disassembly activities. The bank guarantee cost and the related 

notarial costs were moved from the External assistance cost foreseen for analyses in action 

C1, thanks to the savings that are being obtained by performing part of the activities 

internally.  

➢ The Plant construction/operation permit also includes the requests of plant roof, safety 

probes and removable construction for increased safety. These variations caused an extra 

cost of 18000 eur for the civil works. They were balanced with some savings obtained by 

performing internally some activities originally foreseen as being contracted out within 

several actions, as already explained in previous sentences.  

➢ The Plant construction/operation permit also demanded an external environmental 

monitoring control service to be mandatorily contracted out to the statutory Environmental 

Protection Agency of Tuscany Region (ARPAT). The cost for this service (which includes 

several samplings of sediments and gaseous emissions along the treatment duration, with 

relative laboratory chemical analyses) is being payed by the Associated Beneficiary 
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Tuscany Region, which contracted out the activity to the ARPAT office. Although this 

activity was not specifically estimated by the original project, it should not considered as a 

completely unforeseen cost, since a continuous process monitoring was considered, and the 

relative costs for chemical analyses were included in the original budget. The costs for the 

external monitoring performed by ARPAT must be considered as a part of these activities.  

➢ The final disposal of the treated sediment was already contracted out together with the civil 

works contracted out within Action B3. This change allowed a saving used to partially 

balance the extra cost for the unforeseen plant roof, safety probes and completely 

removable plant assembly requested by the plant permit.  

➢ The costs foreseen in the project for WestSys related to the construction and validation of 

the electrolyte treatment section was moved from Actions B2 and B3 to action B.4, as it 

will become necessary after three months from the startup of the plant, and the preliminary 

laboratory experiment showed that some parameters of this section should wisely be 

defined only after examining the exact characterization of the electrolytes during plant 

operation. 

➢ A problem was encountered due to administrative difficulties of the associated beneficiary 

TuscanyReg to acquire the external personnel to perform Action B5. It was solved by 

moving from TuscanyReg to UniPi the responsibility and most of the activity required to 

perform Action B5, as already defined in the previous Reports. In particular, the total 

budget variation amounts € 56.175 euro; total TuscanyReg budget decreased from € 

144.095 (original budget) to € 87.920, while total UniPisa budget increased from € 516.668 

(original budget) to € 572.843. In addition TuscanyReg has the need to shift its internal 

budget, as explained in the last column of the following table: 

Cost category TuscanyReg 

original 

budget 

Budget adaptation reported in 

the progress report and 

acknowledged with letter ENV-

D-4 ES/SEB/jcs 

Further budget 

adaptation reported in 

this final report 

Internal 

personnel 

€ 70,518.00 € 43,018.00 € 43,018.00 

External 

personnel 

€ 57,750.00 € 32,750.00 € 0.00 

Travels € 2,800.00 € 2,800.00 € 1,600.00 

External 

assistance 

€ 0.00 € 0.00 € 24,350.00 

Other costs € 3,600.00 € 3,600.00 € 13,200.00 

Overheads € 9,427.00 € 5,752.00 € 5,752.00 

TOTAL € 144,095.00 € 87,920.00 € 87,920.00 

 

The amount of € 13,200 for other costs is due for the institutional external environmental 

monitoring performed by ARPAT and demanded by the plant permit issued at the beginning 

of the SEKRET project (already paid and discussed with the external monitoring team 

during the last two monitoring visits). The amount of € 24,350 for external assistance is 

estimated for the final public landfill disposal of treated sediments. This expense was not 

estimated in the original budget, as it was a mandatory request part of the plant permit issued 

at the beginning of the SEKRET project (already mentioned in section 5.1.1 of the mid-term 

report and in section 3.3.1 of the progress report of 30-4-2016), irrespective of the final 

achieved quality of the sediment. The budget for this unexpected expense was obtained with 

savings obtained by performing internally several activities (chemical analyses and process 

assessment) originally foreseen as external assistance. The total contribution requested to 

the EC for the LIFE SEKRET project will be unchanged. 
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➢ The costs sustained by LiPortAuth for the electric utilities, fundamental for the 

functionality of the treatment plant, have been included in the item "Prototype" in 

agreement with the monitor with which we discussed a lot with respect to this issue in the 

various meetings held during the project. Together we agreed that this was the most correct 

item of these costs. 

➢ The project consumable costs increased due to the unforeseen need to purchase specific 

chemical solutions and plastic containers for the maintenance, functioning and monitoring 

of the SEKRET plant. 

 

6.1. Summary of Costs Incurred 
The following table concerning the incurred project costs from the start of the project 

01/01/2014 until the end of the project 31/10/2017.  

 

PROJECT COSTS INCURRED 

  Cost category Budget according to the 

grant agreement 

Costs incurred until 

the end of the project 

31/10/2017 

% 

1.  Personnel 1,092,813 1,067,512.24 97.68 

2.  Travel 30,600 23,732.72 77.55 

3.  External assistance 363,800 314,462.86 86.43 

4.  Durables: total non-

depreciated cost 

   

  - Infrastructure sub-

tot. 

   

  - Equipment sub-tot. 4,800 5,592.48 116.51 

  - Equipment 

Depreciation eligible 

sub-tot. 

1,920 1,749.82 91.13 

  - Prototypes sub-tot. 180,000 193,838.90 107.68 

5.  Consumables 16,500 40,392.00 244.80 

6.  Other costs 12,800 38,573.50 301.35 

7.  Overheads 118,890 117,618.34 98.93 

  TOTAL 1,820,203 1,801,723.04 98.98 

  TOTAL Eligible 

cost 

1,817,323 1,797,880.38 98.93 

 

6.2. Accounting system 
Each beneficiary has a specific payment responsible 

➢ UNIPISA: Renato Iannelli selects the project cost formally approved by department 

director or UNIPISA council 

➢ Lambda Consult: Reinout Lageman as managing director selects and decides 

➢ LiPortAuth: Lisa Oliviero selects the project cost formally approved by administrative 

council 

➢ TuscanyReg: Gilda Ruberti selects the project cost formally approved by administrative 

council 
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➢ UniRoma1: Alessandra Polettini selects the project cost formally approved by department 

director 

➢ WestSys: Giorgio Virgili as managing director selects and decides 

All beneficiaries have defined the following  internal specific code (codice commessa) which 

identify the project and all costs and income related to the project: 

➢ UNIPISA: CUP:I48C13000490006 Code CIG: 5739631053 

➢ LiPortAuth: CUP  I48C13000490006 

➢ Lambda Consult: SEKRET 

➢ TuscanyReg: CUP  I48C13000490006 

➢ UniRoma1: CUP  I48C13000490006 

➢ WestSys: 900 

 

All beneficiaries respects the procedure of the best value for money for selecting all the project 

costs. All the beneficiaries approved only the costs: 

➢ directly linked to, and necessary for, carrying out the SEKRET project;  

➢ reasonable, justified and comply with the principles of sound financial management, in 

particular in terms of economy and efficiency;  

➢ compliant with applicable tax and social legislation; 

➢ actually incurred during the lifetime of the project, as defined in the grant agreement, and 

which could be identifiable and verifiable  

 

All the beneficiaries completed in the electronic way all the project financial documents before 

printing them for the original signatures. 

All the beneficiaries charged to the project only invoices containing a clear reference to the 

SEKRET project. 

 

6.3. Partnership arrangements 
UNIPI, as coordinating beneficiary, transferred to the other SEKRET beneficiary payments 

were made to the other beneficiaries without unjustified delay in accordance with the 

agreements concluded with the associated beneficiaries in the Partnership Agreement. 

All the beneficiaries entered directly the information in the financial tables of the SEKRET 

project. 

 

6.4. Auditor's report/declaration 
The selected auditor is Massimiliano Rosignoli, born in Narni on 08/10/1966, office premises 

in 05100 Terni, street Annio Floriano n° 7, Registered with the Register of Statutory Auditors 

c/o MEF n. 99710 since 16/11/1999, registered in the Register of Chartered Accountants and 

Accounting Experts of Terni n. 161 section A since 18/02/1993. 

 

6.5 Summary of costs per action 
The following table presents the allocation of the incurred project costs per Action from the 

start of the project 01/01/2014 until the end of the project 31/10/2017. 

 

Act

ion 

no. 

Short name of action 

1. 

Personn

el 

2. 

Travel 

and 

subsist

ence 

3. 

External 

assistance 

4. 

Equipm

ent 

4 

Prototype 

6. 

Consuma

bles 

7. 

Other 

costs  

TOTAL 

A1  

 

Preliminary assessment 

of working 

environment. 

78,125.0

6 
 3,456.84 

  

2,236.99 
9,240.0

0 
93,058.89 
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B1  
Design of 

demonstration plant. 

137,135.

42 
629.28 18,067.90 

    155,832.60 

B2  

 

Construction and 

validation of 

demonstration plant 

components 

80,126.2

3 
 14,370.00 3,586.80 92,124.71 4,915.65  195,123.39 

B3  

 

Construction and 

validation of the 

demonstrative plant 

103,776.

76 
484.63 43,061.32  36,770.63 828.60  184,921.94 

B4  

 

Demonstration of the 

SEKRET technology 

163,625.

28 

1,746.8

9 
52,477.47 

 64,943.56 
7,633.11 258.88 290,685.19 

B5 

 

Development of policy-

oriented 

recommendations 

68,693.5

6 
      68,693.56 

C1  

 

Monitoring and 

characterization of 

treated sediments 

40,658.9

6 
 51,119.32     91,778.28 

C2 

 

Validation of the 

demonstrated 

technology with 6 more 

types of polluted port 

sediments 

37,156.8

9 
424.09 31,119.65 2,005.68  24,777.65 

26,433.

31 
121,917.27 

C3 

Assessment of 

technical and economic 

part - Technical 

guidelines for the use 

of SEKRET technology 

21,695.3

5 
20.40 48,302.80     70,018.55 

D1 
Project website 21,366.5

6 
 6,000.00 

    27,366.56 

D2 
LIFE+ information 

boards 
253.11  1,000.00 

    1,253.11 

D3 Layman's report 3,365.24  2,000.00 
    5,365.24 

D4 
Articles and press 

releases 

21,695.3

5 
  

    21,695.35 

D5 
Networking 17,659.3

4 
  

    17,659.34 

D6 

SEKRET sediment 

treatment manual and 

technical guidelines for 

the use of SEKRET 

technology 

35,569.8

5 
  

  

  35,569.85 

D7 

Demonstration 

workshop, seminars, 

conferences and other 

events 

27,786.5

1 

4,565.1

1 
23,268.36 

  

 1,808.0

7 
57,428.05 

D8 

Dissemination to 

Institutions and policy 

makers 

30,594.3

1 
52.61  

  
  30,646.92 

D9 
International fairs and 

other events 
6,231.56 

8,164.6

6 
     14,396.22 

D10 
Digital supports for 

international diffusion 
865.23  8,500.00 

    9,365.23 

D11 
After-LIFE 

Communication Plan 
       0 

E1 Project management 
82,556.0

3 

7,645.0

5 
2,719.20 

   833.24 93,753.52 
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E2 Monitoring 
21,569.5

4 
      21,569.54 

E3 Audit   9,000.00 
    9,000.00 

Ove

r-

hea

ds 

    

  

  117,618.34 

 TOTAL 
1,067,51

2.24 

23,732.

72 
314,462.86 

5,592,48 193,838.90 
40,392.00 

38,573.

50 

1,801,723.

04 
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7. Annexes 
 

The SEKRET Partnership agreement was already sent as attachment of the Inception Report. 

 

7.1 Technical annexes 
In attachment the following Deliverables, as foreseen in this project period: 

➢ Deliverable related to Action D.4: Technical article 

➢ Deliverable related to Action B.4: Report on decontamination activities 

➢ Deliverable related to Action D.11: After-LIFE Communication Plan 

➢ Deliverable related to Action E.3: Audit report 

➢ Deliverable related to Action C.1: Characterization report on treated sediments 

➢ Deliverable related to Action D.5: Dissemination and networking report 

➢ Deliverable related to Action D.9: Fair participation report (photographic evidence, fair 

materials with name and or logo and info) 

➢ Deliverable related to Action B.5: Final best practice report 

➢ Deliverable related to Action C.3: Guidelines and recommendations for the use of the 

SEKRET approach 

➢ Deliverable related to Action D.3: Layman's report 

➢ Deliverable related to Action C.3: Life Cycle Assessment of Sekret technology 

➢ Deliverable related to Action D.7: Overall attendance report for project events 

➢ Deliverable related to Action C.2: Overall report on treatment of different sediments (with 

two annexed datasheet) 

➢ Deliverable related to Action D.7: Photographic evidence 

➢ Deliverable related to Action B.5: Policy oriented recommendations 

➢ Deliverable related to Action D.10: Project DVD 

➢ Deliverable related to Action D.6: SEKRET manual and technical guidelines 

 

7.2 Technical annexes 
In attachment: 

➢ Technical report: “Photographic evidence of final dismantling and disposal” 

➢ Technical annex to action A1.2 - Physico-chemical data on sediments (with annexed 

datasheet) 

➢ Technical annex to action A1.3 - Evaluation of the operating conditions for the electro-

remediation process 

 

7.3 Dissemination annexes 
In attachment: 

➢ A project brochure 

➢ Some pens as project gadgets 

➢ A SEKRET pendrive with all the Final Report documents and annexes as project gadget 

 

7.4 Final table of indicators 
In attachment: 

➢ Final Output indicators tables 

 

8. Financial report and annexes 
In attachment the following Financial report and annexes: 

➢ "Standard Payment Request" - duly signed original 



87 

 

➢ "Consolidated Cost Statement for the Project" - signed original 

➢ "Financial Statement of the Individual Beneficiary" completed for each project 

beneficiary, signed, originals. 

➢ VAT certificates of public beneficiaries 
➢ LiPortAuth: copies of the invoices and proofs of payment for seq. n° 1-5, in the Prototype 

category, in the Mid-Term document and now moved in the External Assistance category, 

as suggested by the project Monitor 

➢ WestSys - Personnel: copies of timesheets, payslips, breakdown of social charges for 

Brogi Paolo, Carloni Francesco, Iacoponi Claudio, Virgili Giorgio 

➢ LambdaCons - Personnel: 

• documents with information on tax payment system and calculation of the costs 

• all the project timesheet of Mr Lageman for the whole duration of the project. 

➢ Personnel: copies of the timesheets, payslips, contracts and calculation of social charges 

for the following persons for 2014: 

• UNIPISA: Iannelli Renato 

• UNIROMA: Antonio D'Andrea 

• TuscanyReg: Gilda Ruberti 

• LiPortAuth: Giovanni Motta 

 

 


