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2. Executive Summary

2.1General progress.

The main objective of the project LIFE+ Lo2x wasdemonstrate the environmental and
socio-economic benefits of a synergic co-treatmemf sewage sludge and wastes
(raw/digested manure, high load food processingtesaspesticides and leachatesith
energy and phosphorus recovery with supercritical \ater oxidation.

The objectives set to demonstrate the technologpmeance have been:

O1. Design and construction of a prototype for thelation in supercritical water of mixtures
of sludge (main matrix with phosphorus (P) and esdleel energy from organic content) and
other wastes for synergistic enhanced performamegwure (for ammonia elimination and P
recovery), food wastes (for extra carbon) and cetepilestruction of organic toxic substances
(pesticides and leachates), contributing to theewajuality objectives of the Water
Framework Directive and the Urban Waste Water Diveand the Nitrates Directive.

Determination of:

02. Operating conditions and mix ratios for best pescyield and energy balance, linking
water/energy and contributing the achievement iofiatie neutral waste water systems and a
20% energy improvement in wastewater treatmen2@@0.

03. Operating conditions to optimise P recovery froastes. Contributing to the objectives
of the Resource Efficiency Roadmap (Wastewater tirreat Plants WWTP as resource
factories).

O4. Reduction in the final amount of waste generated WWTP and better quality for safe
disposal, contributing to the objectives of the WabBirective and the phasing out of land
filling of organic wastes.

O5. Economic balance linking environment, innovation gocio-economic growth,
particularly:

- Reduction of costs of sludge management versusmiustudge management scheme.
- P cost of recovery compared to current market pracel tendencies of P from P-rock
- Cost of the treatment wastes compared to curreatrirent/disposal pathways.

- Economic balance of energy.

- Local socioeconomic assessment

- Dissemination effectiveness and social awarenesssasent
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The project has involved the construction and dperaof a prototype that allows for the
treatment of a significant fraction of the raw gjedgenerated in a representative medium
sized urban WWTP and wastes collected from theosunding area. It was decided to be
constructed at the WWTP of Paterna (Valencia).

A series of actions were conceived to achieve Hjeatives

- A. Preparatory work: To obtain preliminary expgntal specific data at bench scale so
that design parameters may be established forlel@@esign of the prototype.

- B Implementation: Detailed design of the prot@tygonstruction and assembly in the
WWTP, start up, operation and performance assedstoatemonstrate that the system
works and the environmental benefits of the newrietogy versus the baseline scenario.

- C. Monitoring of the impact of the project: Sdexiindicators were monitoring the
improvement of the environmental problems targetedsidering the initial situation. At
the end, the progress achieved was quantified. sble@economic impact on the local
economy and population was assessed.

- D. Communication and dissemination: The projexts been disseminated to the relevant
stakeholders throughout the Project lifetime.

- E. Project management: The project managemergrsaged the successful completion of
the project and the coordination of all the partie®lved.

The project has been performed through a crossebamllaborative project (Spanish and
Irish). AINIA technological centre with twenty yeaof experience in supercritical fluid and
environmental technologies, IMECAL specialist inugmment construction, URBASER

sanitation engineering, IVEM responsible of the WW\hat will hold the prototype and SCFI
Irish specialist in supercritical oxidation.

This Final report describes the progress made albeg duration of the project. The
achievement of the first of the particular objeetvO1, as the building up and starting-up
activities (B2 &B3) were carried out standing omous tasks already reported in previous
occasions (Al and B1), make possible to progresthorthe rest of objectives, since they
only could be approached once O1 was fulfilled. 2Asesult, the demonstration prototype,
essential to perform the experimental activitieedssl to assess the proposed process
(Supercritical Water Co-Oxidation of Sewage Slujigesl to get the expected outputs (pretty
removal of pollutants, recovery of phosphorus, gndralance, and reduction of treatment
costs), that constitutes the most essential amaygdeliverables D.B2.2 “Demonstration
prototype constructed”, is available and may béeds In order to get sounder results and to
reinforce the demonstrative character of the ptpjdee Consortium decided to take the
chance of involving in the prototype some units thecame available for enlarging the size of
the prototype without any increase on the overadiget budget. The activities carried out
involving the prototype demonstrated the feasiiliif the proposed technology for the
treatment of sludges and other cosubstrates thrdbigpercritical Water Co-Oxidation
(SWcO) and the objectives (02, O3, O4 and O5) wareered. All deliverables were
developed, with special attention to B4.4, B.C.2 &DX standing on other previous ones,
such as D.B3.1 “Handbook of the demonstrative pillsint”, DB3.2 “Certification of the
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demonstrative plant (documents)” and D.B4.1 “Expemtal design specifications to assess
the SCWO process (document)”.

This Final Report addresses the main informaticet thescribes the development of the
project along the reporting period up to the enthefproject (30/06/2017). A summary of the
different tasks performed is presented along whth dissemination activities performed in
parallel to the technical tasks in Technical Pdrthe midterm report. Project Timetable is
addressed to reflect graphically in_a Gantt Diagthenschedule of the Preliminary Actions
(Al), Implementation actions (B1, B2, B3 and B4y avionitoring Actions (C1) as well as
Dissemination actions (D). Later on, details regaydeach of these actions are addressed,
describing the progress, the deliverables and flestanes involved.

As a summary of the main results, the following ©mesre achieved along the LIFE Lo2x
project:

0 > 99% elimination of organic matter. The COD of SCWcO effluent is in average
lower than 200 mgélL, reaching values even lower than 25 O

0 100% elimination of pesticides. Imazalil is degraded through SCWcO up to
350 mg/kg, four orders of magnitude higher than tomcentration removed by
anaerobic digestion.

0 100% elimination of pathogens. Escherichia coli, Clostridum perfringenand
Salmonella sppare completely eliminated. SCWcO leads to conedétrilization.

o0 >85% heavy metals are recaptured for safe handlingHeavy metals are mainly
detected in inorganic solid fraction of the SCWd@uent.

0 Recovery of nutrients. Mineralization of nitrogen and phosphorus fadiéta the
nutrient recovery in order to be used as builditughks of fertilizers. Nitrogen occurs
in the liquid phase (NK-2 g/L) while phosphorus is present in the inorgasolid
fraction of the SCWcO effluent §Ps~25%).

0 No highly harmful gases are producedCQ:; is the main gas generated by SCWcO.
Typical undesired gaseous products from the condrugirocesses as N@nd SQ
are not produced.

0 98% reduction of sewage sludge leaving WWTPlotal solid reduction higher than
90%. The inorganic solid fraction from SCWcO igaaurce for phosphorous industry
whereas wastes from anaerobic digestion may enl tine landfills.

0 Zero heat consumption. The heat produced by the oxidation under supearakit
conditions (highly exothermic reaction) makes pumgpto be the only significant
energy-consuming stepd., 1 kWh/kg dm) through SCWcO.

0 >10% reduction in sludge treatment cost.The gate fee thanks to co-substrate
treatment by SCWcO allows reducing the cost of ggutteatment below the cost of
anaerobic digestion.
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These sound results derived from the activitiedopered along the whole LIFE LO2X
project.

Along this final report, first of all, PreparatoActions Al and Action B1 (detail engineering
project) are pointed out as reported in previoysms and summarized the most relevant
figures.

In the same way, B2 Actions (Building up Activitjeé\ction B3 (Start up of the prototype)
and_Action B.4 (Operation of the prototype and sssent of the Co-Oxidation process) are
summarised and updated with respect to previousrieprlhe start-up comprised different
kind of test, from static tests from low to highegsures, temperature monitoring checking,
electrical checking etc and was completed withréggiired certifications applications for the
facility carried out. Experimental activities wgveogressively developed, updating design of
experiments fitted taking into account the resaftsuccessive tests and carrying out the tests
designed.

In parallel to Implementation Actions, Action C1Ir fmonitoring of the impact of the project
action was carried out as scheduled. The seleabioriboth environmental and socio-
economical indicators jointly with information redang the assessment performed standing
on these indicators are addressed in the nexbsecti

The Dissemination Actions are addressed in Annéx Jointly with the objectives for this
kind of activities, a general overview of the Disseation activities per Actions is provided,
related to the website updates, elaboration ofgppsiotice boards, film, technical articles,
press releases, presentation in events, presergdtostakeholders and relevant authorities,
and foreseen actions as a technical leaflet armymban’s report.

Afterwards, the Project Impact highlights are addesl, discussing environmental benefits,
replicability, demonstration, transferability, casption, best practice lesson, etc. in the same
line expressed in the Midterm Report. Environmentahefits and the relevance for
environmentally issues or policy areas is preseni#id especial mention to concepts such as
water quality, sludge management and the RoadmapResource Efficient Europe turning
waste into a resource, as LO2X project aims too Adsg term benefits and sustainability are
addressed, taking into account environmental atbsronomic aspects. Because the own
nature of the demonstrative project, the contimmatiof the project is clear as its
reproducibility and transferability may be feasibbeother places with similar features in line
with EU policies and the Consortium Cooperatiortha project may be extended in future
after the LIFE+ project. This may happen due to ¢band innovation and demonstrative
value of the LO2X project from different pointswéw: technological innovation because of
its environmental application and the synergistieogidation of different wastes as well as
model innovation because of changing the concefiteofWWTP towards a resource recovery
plant.

Finally, comments on the financial report are ided in point 6. “Comments on the Financial
Report”
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2.2Assessment as to whether the project objectivesvainkl plan are still
viable.

Life+ LO2X project main objective is still viablsjnce the prototype built-up has allowed to
carry out experimental test to demonstrate therenmental and socio-economic benefits of
a synergic co-treatment of sewage sludge and wastaseans of supercritical water co-

oxidation. The dimension of the prototype developsidforces the soundness of the results
for the demonstrative purposes and thus the wankpith the extension dates agreed in the
2"d amendment may be considered as well as still @iald adequate to achieve LO2X

project objectives.

2.3Problems encountered.

The project faced first of all an organisationablgem due to the need to replace a partner
leaving the consortium, that was solved succegsfuith a new enterprise with a valuable
profile for the LO2X project.

After that, some technical problems were faced, i@y be summarised as follows:

* The unexpected behaviour of specific units in thet plant, the occurrence of assembly
difficulties in some parts and the need of addaioelements to reach the target
performance affected the development of Action 82¢ce more time was required to get
the prototype built up. This way more efforts waseded and this action took longer than
expected. Contingency plan was applied and B2 labaere developed simultaneously
with B3 to maximise the progress of the project Bddexperimental design was adapted
to the reduction of available time for experimeraetivities.

* Also, the time finally needed for being ready targeout the applications to Industry
Authorities was larger than initially allocated aatbo applying contingency plan, B4
experimental design was fitted to complete the ahjes within the duration of the
project without needing a project amendment.

* Nevertheless, reaction tests revealed relevantatperproblems such as corrosion and
pluggings causing flow and pressure troubles makimgossible to carry on the
experiments. Technical solutions were applied ptaee affected parts and made process
reengineering to avoid such a kind of problemss™ay, it was studied the impact on
project development and an extension for six months asked and agreed.

* Due to the technical problems, it was decided wseethe Dissemination Plan and to fit it
in order to strength this area in the last parteothese difficulties may be solved and
some sounder results may be available.
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3. Introduction

Water quality remains an issue across Europe, with implicatidos public and
environmental heath and biodiversity. Pollutiondgss nutrients, pesticides, toxic substances,
waste discharges etc.) is stilt@ priority and a concern for all water users and the need to
supply clean water in sufficient quantity for useaaeasonable cost remains a challenge EU
wide. According to thé&uropean Innovation Partnership (EIP) on water in 220 Europe
must have safe, available and affordable waterlgupd wastewater treatment for all water
in place, based on sustainable management of ther wasources and most innovative,
competitive and cost effective solutions.

Sludge managemenhas become one of the most critical issues fomtagtewater industry
worldwide, due to the very fast increase in sluggeduction resulting from increasing
numbers of new wastewater treatment plants, mdraitants connected to existing sewerage
systems and upgrading of existing facilities to tretdcter discharge criteria. The project’s
objectives fit the needs set in the baseline seemesulting from the assessments on sewage
sludge management carried out by the DG Environrmakttie European Commission in the
process engaged for the revision of Directive 88/CEE, on application of sewage sludge in
agriculture. LIFE LO2X is coherent with tHeoadmap to a Resource Efficient Europe
regarding the objective @firning waste into a resource

3.1 Description of the background, problem and objestiv

The main issue tackled in this project is waterliggpéhrough the links between wastewater
treatment, sewage sludge management and pollutenved from sludge application
(organics, nitrates and phosphorous) and the veatergy-nexus. New technology solutions
should allow for other major societal challengetesl to water such as climate change,
resource and energy efficiency strengthening thenemergy interactions.

The objective of th&IFE LO2X project is to demonstrate the environmental, energetic and
socio-economic benefits ofsynergic co-treatmentby means obxidation in supercritical
water of sewage sludge and others highly loaded organicastessuch as raw/digested
manure, high load food processing wastes, pesti@dd leachates. The system allows energy
and phosphorus recoverurning waste into resources The project involves the design,
construction and operation of a prototype in PaaMNTP to treat up to 1 TM DM/day of
sludge. The LIFE LO2X project is addressed to red®0% elimination of pesticides; 100%
elimination of ammonia; Positive energy balancet (peduction); 100 % recovery of
phosphorous; 90% reduction of sewage sludge, al@P& reduction in sludge cost treatment,
in all cases compared with baseline scenario.

3.2Expected longer term results

Mitigation of overall environmental pollution, since the multi-waste treatment and resource
recovery approaches of the Lo2x project contribtiveseduce the environmental impact of
traditional WWTPs.

Improvement of water cycle since a high-quality effluent is produced, astaonnants (i.e.
pesticides, pathogens, etc.) are eliminated andyhe®etals are mainly in the final solid
residue.
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Enhancement of nutrient cyclesthanks to mineralisation and the potential usefient
fractions as valuable sources to recover nitrogetica phosphorus for fertilising uses.

Enhancement of air quality, due to clean direct emissions without undesiraid toxic
compounds (NOx, SOx, etc.) and reduction of indiggeenhouse emissions linked to residue
disposal transport.

Reduction of quantities of sludge to be managed anttheir associate@économical costs
(sludge management costs represents the 50% dfothkecost related with conventional
WWTP’s operation.

Avalilability of a treatment alternative suitable for dangerous wastes

Positive contribution to highly-qualified human resources and entities as the ones
involved in the project have integrated new knowkednd skills and they are needed both to
build up new plants and to operate WWTPs involtimgytecnology.

The main European legislation in connection with the project is: Water Framework
Directive; Directive 86/278/CEE, of 12 June 1986, application of sewage sludge in
agriculture; Directive 91/271/EEC of 21 may 199@ncerning urban waste water treatment;
Directive 91/676/CEE, of 12 December on water mtd@ against nitrates pollution from
agriculture; Directive 99/31/CE, of 26 April 1998n landfill of waste; Directive 2006/12/CE
of 5 April 2006, on wastes. Moreover, LIFE LO2Xais interesting technology that will allow
facing the new and more restrictive regulationselation to the application of sewage sludge
in agriculture: 4 draft of Directive 86/278/CEE, on application oéwsge sludge in
agriculture, working document on sludge is ongoing.

4. Administrative part

4.1 Description of the management system

Presentation of the coordinating beneficiary, assiated beneficiaries and project
organization:

AINIA is the general coordinator of the project.MA is responsible for the reporting to the
European Commission and to inform it in case ampl@m or question needs to be solved.
AINIA also is responsible for the preparation amsrdination of meetings. As coordinator,
AINIA is responsible for the payments to the relsth@ partners. The rest of partners inform
AINIA of the project advancement and provide AINtAe requested information for the
production of internal and official reports. Thdgainform AINIA of relevant situations (i.e.
technical or economical problems). In case thesiciam necessary to consult the consultative
group, they ask AINIA to prepare the meeting inith@st appropriate way.

The consortium is organised in different coordioiatand management bodies, in order to
guarantee the achievement of results and their tange with the Grant Agreement.

The management bodies include: Project coordin@@), Steering Committee (SC) (one
representative in each organisation) and Tech@ioaimittee (TC) (Activity leaders).

The different responsibilities and duties are dsVs:
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Project Coordinator (CO): To guarantee the compgaaf the Consortium Agreement; To
guarantee the implementation of the foreseen &esyiTo monitor the financial and technical
aspects of the project; To communicate all dewatiand changes to the EC; To send the
corresponding reports (technical and financial);tiemsfer the funds to the partners in the
consortium.

Steering Committee (SC): To follow the Coordinagoguidelines, To abide the Consortium
Agreement and the Grant Agreement, To commit toetkexution of the foreseen activities;
To ensure the quality of the results obtained utideir responsibility; To meet deadlines set
by CO for administrative or financial issues; Totdute to technical reports.

Activities leaders (TC): To execute the projectidities and Tasks; To guarantee the quality
of the results; To make decisions about the prpjexsurveil for risks mitigation.

Organigramme of the project team and the project maagement structure

Coordinator:
AINIA
Project Manager:
Andrés Pascual

IMECAL SCFI IVEM URBASER
SC: Caterina Coll SC: Edward Colemal SC: Francisco Hered SC: Cristina Alvarez

Actions, tasks and leaders:

ACTION LEADER

Al Preparatory actions SCFI
B1 Detail engineering project AINIA
B2 Building up activities IMECAL
B3 Start up of the prototype URBASER
B4 Operation of the prototype and assessment of them-oxidation process IVEM
C1 Monitoring of the impact of the project actions AINIA
D1 Dissemination and communication action plan AINIA
D2 Project website AINIA
D3 Project materials AINIA
D4 Notice boards AINIA
D5 Layman's report AINIA
D6 Film: virtual tour prototype AINIA
D7 Technical articles AINIA
D8 Press releases AINIA
D9 Events AINIA
D10 Presentation to the relevant authorities AINIA
D11 Presentation to stakeholders AINIA
E1 General management AINIA
E2 Project management and monitoring the project pogress AINIA
E3 Networking activities AINIA

Partners: _ ainia (co-ordinator) IMEéAL_"cfi O www.lo2x.com 1
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Management Guidelines establishing detailed management main tasks aimgecation
aspects was delivered to all partners at the bewinof the project. This document is the
deliverable D.E.2 and includes a description of pneject management structure, project
lifetime, a list of work packages, tasks outputsl déineir deadlines, information about the
project workplace and login/password details anbrimation about the content of the
scheduled reports and their deadlines.

Management toolsdevelopment and use: To facilitate the manageifetite project and the
flow of information, AINIA has created an intrarigtked to the project website, available for
all partners. The intranet will allow the consomiumembers to access to all the relevant
project documents, share information, etc. All thlevant documents are stored in it and can
be uploaded and retrieved by partners as theys;reedify or need to consult them. Intranet
also includes monitoring procedures and todlsrkplace Guidelinesto facilitate the use of
the tool by the participants were prepared and teetite partners.

Day-to-day coordination and monitoring was done remotely: continuous communication
was achieved by phone, e-mail, skype and videocenées to comment specific matters with
the partners. Through these channels, the codadim@as exchanged and provided all the
information requested to and from the partners,f@sdmonitored the correct development of
the project. On the other hand, partners keptlaeguoternal team meetings for coordination
purposes and to prepare Coordinating Meetingstarfdrther debrief.

A series of 10 face-to-faceoordination meetings have been held to monitor progress,

exchange points of view, information and resulésjiew any deviations and solve eventual

problems, propose corrective/preventive actions emglre the quality of the results. The

consortium discussed the activities already caroetlas well as the ongoing and foreseen
activities. Calling meetings and organising theraigewas done by the project coordinator.

Agenda of each meeting was discussed and sertetalanhts before the event in order to help
all partners to prepare their participation in theeting. Minutes of each meeting were

handed to attendants after the event includindeadlsions, agreements, follow-up actions and
commitments made during the meeting by the paditdy accompanied by due dates and any
other necessary details.

Amendments to the Grant Agreement

The patrticipation of the former beneficiary ISOLUXGENIERIA S.A. was terminated from
the date 30 of June 2014. As reported in the Inception Refibe,company has undergone
an important restructuring process and has abaddaie ongoing R+D projects. A
resignation letter was sent to the coordinator compating this decision and waiving
recovery of any expenses executed during its paation. In order to replace the outgoing
company, Afirst amendment to the Grant Agreement was done to add URBASER &sA
beneficiary with effect from the date 1st of JuBA2. All the actions and tasks scheduled for
the outgoing entity ISOLUX INGENIERIA S.A. were sm then executed by the new
beneficiary URBASER S.A. as a general approachdonorkplan. Asecond amendmento
the Grant Agreement was performed in order to ektdve duration of the project in 6
additional months, being the new end date the 32006 .

Partnership agreements.
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P.A were signed by all partners with date of sigr&t27 June 2014 and submitted to the
commission with the Inception Repoddendum Nrl was issued by request of the
commission after the evaluation of the Inceptiopéte It was duly submitted thereafter to
the commissionAddendum Nr2 was issued to adapt specific provisions for théebe
security of the joint and several liabilities beemethe parties in the framework of the
Partnership.

Reports

Three reports have been delivered to the EC simeebeginning of the project: Inception
Report, Midterm Report and Progress Report. TmalHReport is the last one.

4.2 Evaluation of the management system

At present, we have not problems with partners h wheir work on the project. On the
contrary, the involvement of the partners is coaed by the coordinator as very favourable.
We haven't had changes in the role of partners.

Monitoring Team has visited the project three tinféalencia 23/04/2014, 27/05/2015 and
31/03/2016) with the presence of all partnershinlast two visits, the monitor could visit the
prototype. Apart from the meetings, fluent commatian, via email and phone, is
maintained with Monitoring Team along the whole jpov. Amendments, deliverables and
justification reports (Progress reports) have bsamt to the monitoring team for first review
prior to its sending. A visit of the Desk Officenda Financial Officer with the Monitoring

Team presence was done on 5th May 2017.
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5. Technical part

5.1. Technical progress, per task

A. Preparatory actions
A.1 Preparatory actions
B. Implementation Actions
B.1 Detail engineering project
B.2 Building up activities
B.3 Start up of the prototype
B.4 Operation of the prototype and assessmenteotakoxidation process

C. Monitoring of the impact of the project actions

C.1 Monitoring of the impact of the project

The A actions are preliminary actions to determemperimentally some key points for B, C

actions. These actions have comprised the prevasks required to select and test different
wastes added to the feed stream to be oxidizedyredeminary adjustment of the process to
the selected feed substances and the elaboraticimeofbasic engineering project. The

activities undertaken and outputs achieved withiis taction were already reported in

previous reports.

The B actions regarding to the detail engineerirggget and building up activities have been
developed according to scheduling (Figure 1). Imalbel monitoring_actions (C) with the
identification of specific indicators have been don

Figure 1. LO2X Project Timetable.
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ACTION 1 1 1 I 1 1 1

A1 Preparatory actions

B1 Detail engineering project

EZ Building up activities

B3 Start up of the prototype

B4 Operation of the prototype and assessment of the co-oxidation

C1 Monitoring of the impact of the project actions

D1 Dissemination and communication action plan

D2 Project website

D3 Project materials

D4 Notice boards

D5 Layman's report

D6 Film: virtual tour prototype

D7 Technical articles

D8 Press releases

D9 Events

D10 Presentation to the relevant authorities

D11 Presentation to stakeholders

E1 General management

E2 Project management and monitoring the project progress

E3 Networking activities

~
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Action Al: Preparatory actions

Preparatory actions were scheduled to take plawe Dctober 2013 to June 2014 and they
were carried along this period. SCFI led thesevaigts carried out with the collaboration of
other partners, especially AINIA.

Selection and provision of feed samples for preiany studies were carried out in order to
run bench scale tests (see annexes, D.A.1.1 Ptepasativities report). The list of manure,
wastes and/or toxic substances candidates to bercsifigally oxidized with the sludge
stream (kind, producer, availability, current treabt) was done. Samples of selected co-
substrates for the performance of the experim&EAWO tests were identified. This way, 11
different feeds were tested with solid loads indteap to 17% along a series of tests grouped
(26 trials) lasting from 3.5 up to 13 hours undpemtion (discounting start-up and finishing
times). In each test, COD in the feed and in thidueit were determined and other
complementary parameters have been also colleeggending on the feed type such as pH,
total nitrogen, TDS or conductivity. Samples alotigg processes were taken and also
determined with frequencies depending on each (fii@m every 20 minutes up to hours).
Taking into account the trials at lab scale, legdmremovals over 99% in best conditions for
each case, a series of suitable feed compositiens wentified (% solids, COD levels) and
an experimental protocol were defined to be usedllzessis for the prototype engineering.

Preliminary results pointed out possible technisslies with some feed types to be taken into
account due to factors such as narrow inner diasébe proper velocities causing blocking
and pressure drops as well as pumping constraugsatbo to internal dimensions of these
elements for initially proposed flowrates. Partarulspecifications were proposed to be
adapted to come up to a suitable demonstrativetyy to be able to carry out experimental
test with selected feeds keeping the scope, ainbaddet of the whole project.

The design basis of the demonstrative pilot plamts vestablished, as compiled in the
Deliverable D.A.1.2 for detailed project: flowcharith main units, piping, auxiliary services,
preliminary layout (placement plan in IVEM facigg8) and control basis of the process.
Finally, preliminary planning for the constructiohthe plant was agreed by the Consortium.

Start dateOctober 2013End datedune 2014

Deliverable A.1.1.Preparatory activities report “List of potential bstances
considered to be oxidized”, “Data sheet of selectedsubstrates”, “Design of th
preliminary tests"was carried out (achieved).

112

Deliverable A.1.2Basic Engineering project & Estimated program oé tlasks for
the construction of the plamtas carried out (achievedt).

Milestone A.1l. Preliminary actions completed: cosubstrates sebectiand
compilation; basic engineering project elaboratioand preliminary assays
performance dchieved)
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Action B1: Detail engineering project

Although this action B1 was previously scheduledstart on July 2014, it started three
months in advance. It was carried out with the amkation of all partners, with special
contribution of SCFI and of AINIA as a leader.

Process definition and description with the dethéach operation were performed. Besides a
process flow diagram was ellaborated includingnian streams and units. A list of units and

main specifications of them was done including peaters such as internal volume, material,

working temperature, working pressure, or generakdsions.

List of main streams and mass balance drafts @&ntivere also prepared, considering besides
the main requirements of auxiliary water for thelawg exchangers.

The project execution plan was been revised, @éetaihd updated taking into account detalil
engineering inputs as well as new information camirue as the tasks moved forward.
Considering all this information, next tasks foalisen the detailed process diagrams
including instrumentation and control requiremerR&l diagrams were drawn including
process valves, and their type, and instrumentdtemperature, pressure, flow indicators). In
parallel, specifications regarding different streaand elements were detailed. Once these
diagrams completely defined, pipes and instrum@mtatlements were specified and selected
from current commercial options.

Start date as addressed in the propdssy. 2014 End dateSeptember 2014

Deliverable B.l1. Detail engineering project with: process diagramist| of
equipments, list of streams, pipes and instrumamatData sheets: equipments,
pipes, instruments and layofachieved)

Milestone M.B.1.Equipment Specification, P&ID and piping and Instrentation
Datasheets elaborated and layout defii@chieved)

Action B2: Building up Activities
The objective of this action was to build up theV8Q plant in WWTP of Paterna.

Action B2 started as scheduled with the contributd all partners and IMECAL as leader.
An initial plan was defined considering the dimens and characteristics of the units and
the requirements and particular aspects of thegss¢connexions, proximity to optimize
piping and occupied area, security, etc) definedth@ Action B1 (Detail engineering
project). This initial lay-out was used to beginttwithe tasks involving holding are
adaptation and legal permits submission. A studthefarea required for the placement of
the prototype, an analysis of constraints and fipations, etc. were performed to choose
the most suitable placement. With this basis, theewlocal authority (EPSAR) and owner
of the Paterna’s WWTP were asked to allow the woeesled to adapt the area identified.
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Once this permit achieved, this area was prepasedater constructive works and other
legal requirements were studied. Moreover, meclahnmorks to manufacture and/or to
adapt equipments as well as selection and buyingleshents (pipes, valves, instruments,
etc.) were carried out. Each main unit construcaeduired and/or adapted for the prototype
was inspected prior to installation in order toedtiany fabrication or delivery failure and to
avoid any wrong performance with associated negatnpacts on schedule and on budget.

On the other hand, the automation of plant opematiith the sequences to be used for
operation and as bases for control loops developmeme studied and defined, to be
afterwards implemented in a control program spBcidésigned for the operation of the

LO2X plant with the support of an automaton comneghftom an interactive interface with

the operator.

After the construction, reception and acquisitidrihe different elements of the pilot plant,
the main elements of the LO2X plant were allocaded the mechanical and electrical
assembly and plant building up thereof was apprdchikewise, the auxiliary services
necessary for the operation of the plant (gas, cessor, water, etc.) were installed. Finally
the insulation works were prepared to be perfororezk the assembly works may be over.

The unexpected behaviour of specific units in thet gplant, the occurrence of assembly
difficulties in some parts and the need of addaicglements to reach the target performance
affected the development of Action B2, since mamgetwas required to get the prototype
built up. Some difficulties regarding the oxygendamtrogen system installation required
some additional works to be implemented by the idevto solve some unconformities
(which also affects some insulation activities lasytmust be implemented in these specific
parts of the installation) as well as some speaic unusual material with very broad
delivery response due to their high technical dmations (Inconel 625 and others). This
situation joined with other technical issues conioey B3 start-up activities also affected the
schedule of some insulation activities as they addd be implemented in these specific parts
of the installation. This way, it was required teeccome the contingency plan described for
the project and some extra months were requirdohatly get B2 completed and this had an
impact also on B3 action, but did not affect theera¥l final project scheduled and results.
Some B2 labours were developed simultaneously 88hto maximise the progress of the
project and B4 experimental design was adaptechéoréduction of available time for
experimental activities. With this updated designyvas considered that the whole project
duration may be kept as initially established anevauld not be necessary to extend the
project.

Start dateApril 2014 End dateSeptember 2015

Deliverable B.2.1. Main units data sheets: special elements list:dog plans for
the assembly of the main units; document with rsaifitware instructions: contrg
loops and alarms’{submitted)

Deliverable B.2.2. Demonstrative plant physically constructed (propety
(achieved).
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Milestone M.B.2.1.Main units and special elements designed and matuwrizd,
acquired and /or adapted if required; control sadtw developed and programmed
(achieved)

Milestone M.B.2.2 Prototype mechanically and electrically assemblgidnt ready
to its start-up(achieved)

B.2.1 Holding area adaptation and legal permisssafsnission

IVEM, as responsible for the holding area adaptafiar the prototype, took care of
activities dealing with the consortium resourcesl @xternal collaborators to get the
holding area fully ready to perform next tasks tace.

This way, the prototype placement inside the urlvaste water treatment plant in service
located in Paterna (Valencia) was studied in acwrd to foreseen layout and to other
factors including among others: ground featuresnfmasition, existing distribution pipes
and wires, connections for auxiliary services ochtecal fluids such as tap water,
electricity, etc.), high power distribution wiregjternal access for workers, needed
accesses for gases supply (oxygen, nitrogen). dhelusions of the study were shared
with the partners and also some key aspects werekell with external collaborators
dealing with gases supply, concrete, etc. Afterwal@bours made by externals to get the
basements ready were prepared and supervisedylwacsite by IVEM to make holding
area usable for prototype constructions. As drakdathe later progress of other
activities led to identification of the need to exd the dimensions of some of the
supporting structures in order to stand all thérimsents, insulations, etc. in the reactor
area. Pictures in Figure 1 show several momentardey these on site works for
holding area adaptation.

Figure 1. Holding area adaptation works

SIS ARTR

On the other hand, legal requirements to the “Higlassure Equipment” and “Heaters
Equipment” laws were studied with the support oteexal services, since special
documentation is needed and certification issuesigh pressure elements for CE
certification imply the participation of a calledd®@ (Organism of Authorized Control).
As expected, the most critical aspects identifieé aesult of this study were the tests for
assuring the performance of the high pressure anitise due high pressures, the way of
performing such tests, the complete compilationtled proper documents, and the
administrative application itself.
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B.2.2. Main SC units (reactor and heat exchangard)process chambers construction:

As the project progressed, SCFI addressed thelpldysof using some already existing
units that had available instead of manufacturieg ones in order to be able to come up
to a larger prototype to get sounder data for destmative purposes keeping the same
budget. The pilot plant LO2X has different elemeatsmain equipment that can be
divided into high pressure equipment and Othergsschambers and Pilot Plant units

About the high pressure units, SCFI was focusedreparing the reactor vessel and heat
exchangeunits for its shipment from Ireland to Retewhere IMECAL may revise, test
and adapt them to the LO2X supercritical co-oxmatprocessing requirements. In
reference the other chamber and pilot plant uniferdnt elements were built up and
adapted by IMECAL during this action.

A series of process units to be used in the Prpéotyere sent from the SCFI installations
in Ireland to WWTP of Paterna in Q3 of 2014. IVEMsvin charge of the reception of
them and jointly with SCFI, IMECAL and AINIA perfor a revision of the elements.
After making an inventory and review of major equgnt defined in the engineering
stage process (Action B1l), IMECAL focused on speciworks dealing with high
pressure equipment, such as inspections, teststraotive works for adaptation and
conditioning of units to be adapted to LO2X supéical co-oxidation conditions, and
carryng out the required tests to assure corredonpeance of each unit in line to CE
labels.

High pressure equipments involved in the prototyipe imply constructive chambers
are: one Reactor (R2005), two Economisers (E20@D0&) and one Cooler for the
output stream (E2011). Radiographic Inspectionsnsitactive works, welding
inspections, high hydrostatic pressure tests wamgec out involving high pressure units.

Other units such as the liquor storage tanks orntian feed tank were reviewed,
modified and finally conditioned for use in the D®OXilot plant. Visual and non-
destructive superficial tests were done, which @oirout the need to reinforce the weld
or the structure thereof in some elements.

The other equipment necessary for the installattere built up and adapted, in order to
improve the quality of sludge conditioning. All tlpgocessing units of the plant were
performed with Stainless steel in order to prevtkatcorrosion of equipment.

Design and construction of the different units tloe supercritical oxidation LO2X plant
took into account the installation of the necesdagges and connecting elements to
equip them with systems to measure process paresneteit can be seen in Figure 2.
Once prepared the units in accordance with futooegssing need, a welding inspection
and a pressure leak test were applied to evetyesktelements.
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Figure 2. Equipment Construction for LO2X pilot plant

B.2.3. Piping, Valves, Vessels and instrumentatspecial elements for the prototype

The items needed to build up the facility were sediin accordance with the conclusions
of action B.1, where pipes, flanges and instruntemtaand other elements were listed
and described the list of equipment and the det@itpiipment Specification Datasheets.

All partners involved in the LO2X project got inveld in the search for providers, in
contacts with externals to address technical datathe checking of items, etc.

Identification of suppliers took into account pr@ws knowledge but also new ones
through special search in specialized databaskswiog hints from other suppliers, etc.

Contacts were made by phone, by email and by faéace meetings. During the

definition and acquisition of materials there waglase contact between the various
companies involved in the work. For all items wexguired different offers based on the
specifications indicated in the data sheets, wit &im of making a comparison of
specifications, prices and guarantees offered fuamous suppliers to select the most
convenient one in each case.

IMECAL managed piping, flanges and accessoriescheand acquisition, while other

partners dealt with valves, instruments, etc. Sgiflinvolved in preparing some existing
items in Ireland to be sent to Paterna as welha®ntacts to ask for offers and checking
of technical specifications and AINIA provided alsapport in contacting suppliers,

checking of elements, revision of specificatiorts, eception of elements were usually
made by IVEM, since the items were shipped to th& W of Paterna in order to easy
latter works, although piping materials were sert@dVIECAL warehouse and later on

put in place.

According to the detailed pipe lines list descopti the Piping and Instrumentation
Diagram details (PID) and valve list, all the pipimaterial, valves, special tubing,
flanges, racords, fitting connections and othemeations needed were acquired, mainly
by IMECAL (some elements acquired by URBASER). édhnections (racords, flanges,
fitting connections, elbows etc) required for coctivey the lines with different plant
elements were acquired with the same materialeapitte.
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Automatic, manual and safety valves necessarydoraghe plant security were revised
and tested and additional safety valves were aedueind installed. Part of the

instrumentation and special items detailed in @eaengineering were sent along with
the main elements (Reactor, Economisers, etc) fretand as detailed previously. All

the instrumentation and other plant elements wesdedl, repaired or adapted, if
necessary in accordance to the detailed equipmpetifeation datasheets. Other
instrumentation (temperature sensors, gases anagdepH probes, pressure valves,...)
was acquired due to the requirements establishetthdonew operating parameters of the
LO2X plant.

The circuit sludge conditioning pump and the neamgssequipment for their
homogenization (grinder and homogeniser) were §pdcand purchased in base of the
parameters obtained from the wastewater sludgeupeat in the WWTP. For this
purpose various characterization analysis of pdéudge of Paterna was performed. The
other pumps used in the pilot plant were testedoider to assure their correct
performance.

B.2.4. Individual elements performance tests

Each main unit constructed, acquired and/or addptethe prototype was inspected and
tested prior to installation in order to detect dalrication or delivery failure and to
avoid any wrong performance with associated negaitipacts on schedule and on
budget. Technical specifications were revised amabts were discussed with providers
to follow proper procedures.

The identified high pressure equipment (Reactoonémisers and Cooler) were certified
in accordance to Pressure Equipment Directive 9CER3guidelines. For these
equipments all the technical documentation fordtformity evaluation to the Directive
97/23/CE was prepared, and the entire requiredwest performed and certified by an
official certification entity. Final assessment pfessure equipment was carried out,
including an endurance test in the form of Hydrostaressure testing, requirement
contained in section 3.2.2 of Annex | of RD 769A99MECAL was the partner in
charge of this test and the whole procedure wasiagtby a Notified Body (Authorised
Control Organism).

The other tanks of the pilot plant were checkedugh low pressure hydrostatic testing
and welding reviews were performed. Hydrostatitingspressure was maintained for 5
hours to ensure that there was no leakage or dafamof the tanks.

As previously addressed, automatic, manual valnelssafety valves were checked first
visually to avoid to be installed with some troubleater on, their performance from
both mechanical and electrical (electrovalves) poinview once connected to proper
circuit to do so, so that specific installation sences were defined for B2.7 and B2.8
tasks. First tests led to some repairing and atdaptaorks and to search for some new
elements.

Instruments were carefully inspected in order & teem prior to final installation as far
as possible, since full performance of them mayclecked once installed (B2.7 and
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B2.8). In the same way, the pumps used in the piant were inspected and tested in
order to assure their correct state prior to fudtallation and starting-up activities.

The elements involved in the circuit for sludge ditioning associated to tank T1003
were tested and due to the results, some additaegtations were identified as needed
for proper performance by the supplier.

B.2.5. Definition of Control Loops and Sequences

In accordance to the information established inaBtions, the sequences to be used for
operation and as bases for control loops developnvere studied and defined. SCFI
with the collaboration of IVEM and AINIA were theaim participants of this task. First
of all, the modes of operation were analysed afficheld to be able to control the facility
in any condition that may take place on site. Thmedes were summarised as:

= Start-up: this mode compiles the routines neededetiothe facility ready under
appropriate conditions before beginning with theesaritical oxidation processing
itself. As a result, it will be possible to pasghe hold mode.

= Hold: this mode is a transition phase in two casdsen start up phase has been
fulfilled before beginning with the Processing mamtewhen feed is stopped along
processing mode (e.g. feed tank empty).

= Processing: this mode comprises all the routindsaations required for commanding
and controlling the supercritical oxidation procesthe selected feeds.

= Shutdown: this mode is conceived to manage thditfagariables in an appropriate
and safe way to stop the plant if it is necessaryahy reason (feed lack, operator
selection, critical non-managed alarms, etc.).

= CIP: this mode includes a series of actions todmmsanded in a manual way by the
operator when shutdown mode has been applied ier @odmake possible to apply
the CIP system for cleaning up.

The main control loops were selected and descriipedhe process variable and the
control elementSequences of actions were defined for each eletodrg controlled and
for diverse general events for the overall conffblese may be summarised as:

= Tanks (Main Feed Tank, Clear Water Tank, QuenchewWednk).
= High Pressure Feed Pumps.
= Reactor, Heat Exchanger and Heaters.

= Process end effluent (Effluent Cooling System, &spman Tank, Divert Valve,
Liquor Storage Tanks).

Details of sequences in Deliverable B.2.1.
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B.2.6. Automation programme and implementation

Process and control routines and loops for all rcbmvariables defined in activity B.2.5
were included in a control program specially desdyor the operation of the LO2X
plant. IVEM was the partner developing the actegtrequired for this issue, having the
collaboration of the rest of the partners, espctaCFI and AINIA for the revision of
the routines dealing with programming doubts. Acdpe hardware was selected for
controlling the process variables. Actually, iaiSIEMENS S7-400 automaton with the
following parts that are shown in Figure 3:

Figure 3. SIEMENS S7-400 automaton configuration.
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The control programme implementing the control Bapd sequences, alarms, etc. was
developed through SIMANTIC environment software $VEVersion 5.5. The program
was built integrating both function and standarthddocks under a fully editable source
code. Some screenshots with parts of the codeeotadntrol programme are shown in
Figure 4.

Figure 4. Control programme screenshots.

]
L
e

The control interface was installed in a desk compell Pc Optiplex 3020 MT,i5-
4590,4Gb,500Gb,DRW,W7P,W8.1P, with a 22" monitod ahhe program SCADA
Intouch from the brand Wonderware. A series ofraatgve graphic screens with menus
and buttons to communicate with the operator wersigthed and developed in an
intuitive manner. This strategy was applied in ortte easy quick recognition of the
elements, loops, etc. not only for training but émerating activities, avoiding mistakes
through supervision tasks. Some of these contrekss are shown in Figure 5.
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Figure 5. Control interface screenshots.
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Simulation tests were carried out to debug the robmirogramme and the control
interface performance. Analogue and digital inputipot signals were checked once
elements were being installed on site (enginesy-fete signals, temperature signals,
etc.).

B.2.7 Mechanical Assembly

After the construction, reception and acquisitidnttee different elements of the pilot
plant, the assembly thereof was performed.

IMECAL, as authorized installer, approached the maadcal assembly of the elements
with the collaboration of the rest of the partn@specially AINIA and SCFI because of
their knowledge and experience in building and apeg facilities dealing with
supercritical fluid processes. For these interastidrequent meetings on site between
IMECAL and AINIA specialist were carried out andtual contacts with SCFI, as well
as periodic on site meetings for general revis@n.the other hand, URBASER was in
charge of the pneumatic installation with the suppd the rest of partners, especially
IVEM and AINIA because of their experience in sackind of auxiliary services.

URBASER was also leading the gases supply assemdypecially installation of oxygen

supply facilities from the delivery tank up to tbensume points, with the collaboration
of IVEM with regard to access for periodic deliveayd installation of the oxygen tank,
of SCFI regarding the definition of specificaticasd the connections with existing units,
and AINIA due to its experience dealing with gadebvery facilities (CQ).

The plant assembly program conducted by IMECAL Wased in different stages, some
of them illustrated in Figure 6: [Main tanks pasiting; Medium elements positioning
(pumps, small tanks, etc.); High pressure elempos#tioning (reactor, economisers and
cooler); Equipment and Elements mechanical pipindy eonnections, and placement of
instrumentation].
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Main tanks positioning Medium elements positioning

Figure 6. Positioning and connection works.

Once the Mechanical Assembly was completed witteptian of the oxygen supply line,
a series of leakage and pressure test were condattée facility in order to ensure the
absence of leaks and to check the performance &onechanical point of view under
ambient temperature conditions.

On the other hand, pneumatic connection for comingnthe automatic valves with
compressed air was carried out. Also, activitiesntake possible to have the required
delivery of oxygen and nitrogen to the process veareied out. Finally the installation of
auxiliary services equipment of the plant, suclgases, compressed air, water softener
among others, was carried out.

The plant assembly program conducted by IMECAL Wased in different stages. Once
the Mechanical Assembly was completed with exceptib the oxygen supply line, a
series of leakage and pressure test were condattéek facility in order to ensure the
absence of leaks and to check the performance &onechanical point of view under
ambient temperature conditions. Some parts exkilatenon satisfactory behaviour, so
that new actions for assessing and adjusting tlpests to achieve the appropriate
performance were implemented.

On the other hand, pneumatic connection for comingnthe automatic valves with
compressed air was carried out. Also, activitiesntake possible to have the required
delivery of oxygen and nitrogen to the process veareied out. Finally the installation of
auxiliary services equipment of the plant, suclgases, compressed air, water softener
among others, was carried out. The detailed plampésitioning the oxygen tank was
prepared by the gas supplier and modified to déal tlve special situation of high power
supply lines very close to the prototype. Due tmsainsatisfactory performance during
the checking tests of the elements included inothggen supplying lines prior to their
delivery, some additional works were scheduled by fprovider to solve the
unconformities.
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Figure 7. Overview of auxiliary services of LO2X phnt.

B.2.8 Electric Assembly and heat isolation

This task includes activities required to get theility fully built up after the mechanical
assembly. This comprises the electrical assemligr #ie preparation of the elements
needed for so, development of electrical diagramse tendering works, and the final
insulation of elements standing high temperatur dre protected from undesirable heat
exchange flux.

IVEM was the partner carrying out the electricativaties with the support of SCFI
regarding the configuration of previously existieigments and URBASER with regard
to connection of new elements and instruments. IIME@as leading the heat insulation
works with the collaboration of SCFI to define gfieations and analyse offers from
suppliers, of AINIA for checking specifications anffers including in situ analysis, and
of URBASER to coordinate insulation works with ateorks.

The one-line electrical diagram of the electricadtallation was developed in base to the
calculations of the electrical protections andred sections of the wires. With this base,
the multiwire diagrams were prepared for the lat@anufacturing of the electrical panels
for power and control and for the wiring of theralnts. Once multiwire diagram had
been approved in March 2015 and its internal distion also set, manufacturing of the
general panel, the engine control panel and thenzatbn control panel started in
workhouse. The general distribution panel was ceedeto provide the general power
supply of high power elements. The engine contantgb included a general switch,
protections for every panel, contactors and frequesontroller and on/off button. The
automaton control panel contains the connectionsooimanding and controlling the
facility.
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Figure 8. Wiring diagrams, Electrical Panel schemand pictures..

The manufactured panel was moved to the WWTP in RS to be connected to the
equipments of the facility using the electricalyrgreviously mentioned in B2.7. Once
electrical trays installed, wire tendering worksrgvearried out for distributing power to
the engines and for connecting instrumentation adggrand emergency buttons in
accordance to layout. Metallic elements in thelitgcwere ground connected to avoid
any undesirable electrical loads.

A major part of the electrical installation was qaeted in Mid June 2015, so that it was
possible to star with the checking of elements sigdals not only from the electrical but
from the control point of view, giving the possitil of checking the automaton
behaviour on site. The rest of the wiring was apphed as other pending equipments
and instruments were arriving.

Insulation

Elements and Pipes that work at high temperature e@nceived to be isolated to avoid
energy losses in the process, making it more efiicito avoid undesirable heat transfer
from heat zones to other not to be heated up, agddrantee the safety of the personnel
working in the installation and to get the processre efficient from the energy
consumption point of view.

The insulation work started in September of 2016, was coordinated by IMECAL with
the support of SCFI and AINIA. The reactor wasasedl with several insulation ceramic
fiber inner tubes with a maximum working temperat@260°C. From the outside of the
metal structure with a ceramic fiber layer and yetaof wool army blanket of volcanic
rock type Rockwool were applied. Protecting theulagson boards made of brushed
aluminium properly folded and secured with riveerevused.
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Economisers were insulated with ceramic fibers.td@tmn tubes aluminium plate
flanges bridge between cylindrical tubes were a®d with aluminium sheet boxes with
seamed lids and closures, inside a ceramic filsedation was installed..

The pipes isolation was developed as the spedditaitstated, with different materials.
The protection of all isolates were performed viithes of aluminium plate.

Along the initial testing activities it was provedat these initial insulation structures
were found to be insufficient to achieve the higmperature values scheduled and they
had to be redesigned/reinforced as required. Soinulation work was rescheduled to
match the gases delivery lines situation and tieggded insulation items were installed,
being fulfilled at the beginning of 2016.

Figure 9. Overview of prototype after B2 works.

Action B3: Start up of the prototype

This action covers the tasks required for startipgthe demonstrative prototype built-up in
Action B2.

The prototype start-up began as conceived in tbgegrled by URBASER and SCFI and
with the participation of the rest of the partnefshe Consortium regarding different aspects
that are described below in more detail for eash.ta

Within the project period, definition of plant opéipbn and emergency protocols was
approached, analysing warning and alarm situatiéyss.a result, relationships between
incidents and actions were discussed. In the samng the definition of guidelines for

preventive and corrective maintenance works wagstesta with special attention to

critical/delicate elements for safety or performarnissues. In order to develop the Plant
Operation and Maintenance Handbook, informatiomffarevious actions jointly with these

protocols and guidelines was analysed and organiseddifferent chapters to be

understandable and useful for operators.
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On the other hand, the preliminary non-feed testsevstarted as soon as the major part of
mechanical assembly was developed instead of wdiinthe full assembly of the plant. As a
result, a series of static test were carried otit wiater at low pressure up to higher pressure
in order to check leakages of the mechanical adgermbw temperature tests were used to
contrast the right electrical connections of thecouples on site and with the automaton
system. Also, progressively increasing flowratést@gere carried out once the full installation
tested under the hydrostatic test pressure.

In addition, activities focused on applying for tteguired certifications for the facility were
carried out with the participation of several ok tpartners, each of them because of its
contribution to previous tasks. The application limaustry Authorities and official requests
for additional complementary documents took plapetas June 2016, having an impact on
Action B3 duration and Action B4 development wiggard to reaction tests.

Start dateApril 2015 End date addressed in propoSdptember 201%nd real date:

Deliverable B.3.1. Mandbook of the demonstrative pilot plant”: incladi the
information of the general preventive and mainterx@amguidelines prepared
(achieved).

Deliverable B.3.2. Certification of the demonstrative plant (documgnh{gachieved).

Milestone M.B.3.1Preventive and maintenance guidelines defined aaldHook of
the demonstrative plant preparéachieved).

Milestone M.B.3.2. Demonstrative plant successfully started after tinests
(achieved).

Milestone M.B.3.3‘Demonstrative plant certified{achieved).

B.3.1 Detailed definition of Plant operation andeggency protocols

This action was led along the period by SCFI wité &active collaboration of AINIA, as
well as the participation of other partners for teinutions and is conceived to be
continued in the same way upon the end of the task.

Control loops and sequences were establishedkrBt@s5 to go ahead to the analysis of
the detailed protocols and their implementationrdfeee for automatisation of the
process control in B.2.6. These protocols were ewed as joining manual actions to be
taken by the human operators and actions commamddte automaton in accordance to
control loop configuration and the operator’s osder

These protocols were developed keeping in mindfithee modes already mentioned
(Start-up, Hold on, Processing, Shutdown and CrepfilP) and the occurrence of pre-
defined sequences in several stages to come wfi ttekcription.
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The main warning and alarm situations were analysediscuss the operating routines
and the emergency protocols as well. As a reshit, grocess variables and elements
involved and actions to be taken were discuss deroto develop the procedures to
manage them in a convenient manner and put thktyaoi an adequate state within the

desirable variable process ranges not generatingings or alarms. Four value levels

were defined for the most relevant control variab(gery high, high, low and very low).

Also, a series of incidents were identified to gnae to a series of actions to keep the
facility in a safe status while the causes giviisg to them are being solved. The oxygen
supply implies specific risks and special actioashandle them without stopping the
whole plant and on the other hand, general emeygstop involves actions not only in
the water lines but in the whole plant including tbxygen supply zone. Thus, two
general scenarios were distinguished to manageatielsituations: one regarding overall
plant trip and another one focusing specificallpxygen trip.

Additionally, conditional relationships were esiabed between incidents in specific
items and particular actions to be taken over idial elements without the need of
activating overall protocols. This information mag seen in Deliverable DB2.1.

B.3.2 Definition of Preventive and maintenance gliites

This task was approached with all partners takiag, pvith special contributions from
each of them depending of the type of items andl gaaticular knowledge (for instance,
SCFI regarding the elements received from IreldMECAL regarding high pressure
mechanical installation, URBASER regarding the nawquired items and, AINIA
especially regarding high pressure pumps and eqnsnIVEM regarding sludge and
effluent management and electrical, etc.).

In addition to revision of inspection requiremefashigh pressure equipments according
to current regulations, special attention was paiéspecially critical/delicate elements
for safety or performance issues. HAZOP conclusiwese taken into account to rank the
most critical ones. Handbooks of the individual ipquents were considered to compile
and highlight the main maintenance guidelines, bfith preventive or corrective
purposes. Specific register sheets were conceivedsdich operations to get quick
updated information for each. Others such as replaat of internal parts (membranes,
hoses, etc.) were established as corrective opesati

For promoting an appropriate performance of gadyaeg periodic calibration with
external patrons of known concentrations were gidid. Different lapses were
established depending on the parameter to be atdibr(once a month for carbon
monoxide, once half a year for oxygen).

Oxygen supply up to the consume point in the potasility was decided to be done by
the supplier, that will be also in charge of theintenance procedures to be applied on
site. This also applies to the procurement of gerg but not to the piping of the nitrogen
from source (cylinders) to consumption points.
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B.3.3 Plant operation and maintenance Handbook

All partners contributed in actions to get the Plaperation and maintenance Handbook
prepared, being leaded by AINIA. It is foreseeraory on in a similar way up to the end
of the task aiming to produce an understandablaiaatiil Handbook for B4 Actions.

Results coming from B3.1 and B3.2 were discussgether in order to be included in the
final overall Handbook for the LO2X prototype. Héawdk was organised compiling

these results jointly with some of the informatateveloped previously in actions B1 and
B2. This way, the Plant Operation and Maintenancandhook developed was

summarised in English in DB3.2 and was organisédl $everal chapters each of them
with different sections.

“Plant overview” was devoted to compile informatimnaddress general concepts and
the main features of the plant. This chapter has am to describe the main
equipments and devices involved in the facility d@imel main basic operations taking
place in each one or in groups composed by sorttesof.

“Processing protocols” was structured in accordadoncine modes and the operations
established in task B2.5 and the protocols develapetask B3.1. This way, the
description of the operating actions to be caroetl or supervised by the operators
was conceived within the protocols defined (Starttdold on, Processing, Shutdown,
Cleaning CIP and Emergency protocol). Each protecad established to comprise
the actions included in the process mode of theessame and the manual instructions
to be followed by the human operator, as well agulsvarnings to highlight the most
relevant points to look at.

“Maintenance guidelines” chapter was outlined faegsn the main points described

in B3.2 task. For simplicity and usability reasotisg same order used in chapter
“Plant overview” to describe the main equipmentd devices was preferred instead
another specific one in a priority basis.

“Annexes” was conceived to compile relevant drawjmgans, tables, etc.

B.3.4 Inert Start up of the pilot plant: prelimigaron-feed tests

The partners more involved in the physical actgtof this task were: IVEM regarding
the electrical and control aspects, IMECAL regagdine mechanical performance, SCFI
regarding the protocols and AINIA providing suppmrtthe mentioned activities and in
the execution of the test themselves.

The preliminary non-feed tests were started as smothe major part of mechanical
assembly was developed instead of waiting for thie dssembly of the plant. This
strategy was applied to avoid delays on the prgemgress since some specific elements
would be delivered some time later. This way, tbguence of elements to be included in
each test was carefully studied to progress with skart-up of the plant without
additional risks on the tests performance and ers#iety of the people involved.

A series of static test were carried out with watelow pressure up to high pressure in
order to check leakages of the mechanical asseblgxternal pressure pump was used
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for providing pressure to the selected zone in eade without using the high pressure
pumps inside the own process. This alternative et@sen since pressure testing in the
lines according to calculations for the hydraudéisting of the installation has to be much
higher than the maximum working pressure of theewptimps.

According to the legislation in force when manuteictg the equipments and preparing
the tests (Pressure Equipment Directive 97/23/CHefjnes, Spanish transposition RD
769/1999) final assessment of pressure equipmait isiclude a test for the pressure
containment aspect, which will normally take thenicof a hydrostatic pressure test at a
pressure at least equal, where appropriate, tovahee laid down in point 7.4. [..] For
assemblies, the final assessment shall also in@utheck of the safety devices intended
to check full compliance with the requirements mefd to in point 2.10.” As these
articles were kept without changes in the last tggablished very recently (Directive
2014/68/EU Of The European Parliament And Of TheJBICIL of 15 May 2014 and in
Spanish transposition, Real Decreto 709/2015, dde24ulio 2015) that was entering in
force mainly the 19 July 2016, it was decided to calculate the pressest for the piping
as an equipment to identify and apply the mostiotiste conditions for the hydrostatic
test pressure. According to the same regulatidresapplied value “[...] shall be no less
than either of the following:

= that corresponding to the maximum loading to whlod pressure equipment may be
subject in service taking into account its maximathowable pressure and its
maximum allowable temperature, multiplied by thefficient 1.25,

» the maximum allowable pressure multiplied by theftoilent 1.43, whichever is the
greater.

The most restrictive of these two criteria led towvaue of 426 bar as addressed for
individual high pressure test in B2.4. As a gengralcognised engineering rule of thumb
consists of applying a 1.5 factor to the designsguee and this calculation leads to
435 bar, this value was chosen as the maximumahe apply in the high pressure non-
feed test at ambient temperature. These testseaerned out in the last part of the start-
up actions period. Also, progressively increasiogvfate tests were carried out once the
full installation tested under the hydrostatic fesgssure. Previously, all required checks
from electrical and mechanical point of view ovée thigh pressure pumps were
conceived to be done. This way, the providers wawatacted to solve important
guestions as the turn direction for the engine figefioe starting up of the pumps without
damaging any internal element. Low pressure anarélte tests were identified as first
required for supporting the checks on flowrate mpeformance, especially on the most
important ones.

Low temperature tests were used to contrast thbt reectrical connections of
thermocouples on site and with the automaton systéigher temperature tests were
scheduled to test dynamic behaviour under changalges and reliability in other
temperature ranges, although not yet in the rangerocessing. Last temperature test
without feed were defined to be executed once risalation installed, to contrast both
the capability of retaining heat inside the isallaéeeas and the protection of other zones
from undesirable heat transfer. As described, teatpee tests pointed out some
thermocouples not performing as required and neddede replaced as well as
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insufficient insulation to avoid energy losses,dieg to undesirable process conditions.
Thus, specific actions to solve these performaisseies were approached to get the
demonstrative plant successfully started as desired

B3.5 Certification of demonstrative plant

Activities focused on applying for the requiredtderations for the facility were started
with the participation of several of the partnexach of them because of its contribution
to previous tasks.

IVEM dealt with the documentation regarding thectieal installation, IMECAL
managed the part covering the mechanical instalagiyRBASER focused on the same
aspects regarding pneumatic installation and AllgrAvided support to supervise the
overall process. Additionally, the selected provifite gases supply was in charge of all
issues linked to the gases supply installationuging all steps needed for its
certification.

Each installation part was described as requireth lfgrce current regulations to get the
proper certifications. Once these parts got, docuate®n for the installation was

prepared to apply for the permissions to the Redidwmthorities involved. Some issues
arose along this, as explained.

- Documentation for all elements required for Indy#tpplication Regional Authorities
were revised and mismatches were detected in thdicades for the new Safety
Valves with respect to technical specificationschirecal data were revised and the
external supplier was asked to check the delivergits and the documentation to
avoid unforeseen problems in technical performaacel to have the correct
documents for further applications.

- The application form called “Solicitud de puesta ssrvicio de instalaciones con
equipos a presion no incluidas ITC EP Especifiede@orias | a 1V)” was submitted
to the Conselleria d’Economia, Industria y Com&etvici Territorial d Industria on
13th May 2016, as soon all required documents tattaehed were available.

- After all installation protocols were fulfilled witregard to Oxygen Supply System,
the gas supplier made the application to the ailtb®r with all compiled
documentation required. The application form wittime “Solicitud de puesta en
Servicio de Depdésitos Criogénicos ITC EP-4” wassprgded by Carburos Metalicos
on 1st June 2016.

- Additional documents were asked for some application the 8th June and the
requirements were fulfilled within the deadline.

The applications regarding installation were flgfil and experiments involving reaction
were approached as foreseen in B4.
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Action B4: Operation of the prototype and assessmeiwnf the co-oxidation process

This action covers the tasks required for stanwogking with the prototype and assessing the
SCWO process, including the preparation of a erpental plan, starting-up operations with
feed, the assessment of the influence of the memcegs variables, steady performance
monitoring, assessment of the corrosion and cdloglanass and energy balances of the
system.

Activities concerning B.4 Action were started ase&een with the beginning of task B4. and
once the demonstrative prototype was successftdlyesl up (B3), experimental task were
also approached IVEM, due to its role, was the itepgbartner of the overall B4 Action,
although SCFI and AINIA were the most active paignaithin the initial works in order to
develop the design of the experimental plan to ctom& general agreement and later on, as
the partners with a more intense involvement inetkigerimental activities.

Start dateJuly 2015 End dateSeptember 2018s addressed in proposal.
End date agreed if2Amendment: June 2017

Deliverable B.4.1. Experimental design specifications to assess th&/S@rocess
(document)”(achieved).

Deliverable B.4.2"Summary of the results of the tests performedsseas the mai
SCWO variables and phosphorus recovery and comigsiof the corrosion
assessment study and the mass and energy balglacésived).

)

Milestone M.B4.1.Experimental plan for the starting up of the plartd for the
assessment of the main SCWO process variablesrpaefaechieved).

Milestone M.B4.2Plant started up successfully with fdedhieved).
Milestone M.B4.3Main SCWO process variables asseqsethieved).

Milestone M.B4.4Sensitivity analysis, process for phosphorus regoveentified
and corrosion study performed. Mass and energyruaa calculated for the tests
with best results observed alter action Badhieved).

B.4.1 Experimental plan: design of experiments (DOE

After inert start-up tests, different series oftsesere conceived to optimise the curve of
learning operating with the prototype and to beedablmaximise the results to assess the
target process (supercritical water co-oxidationsefvage sludges). Test series were
organised into three blocks in a basis of typee&fdf used in each one, first of them

carried out with a model feed and the other twahweal feeds.

- Synthetic Feed Block: a series of test using Mathaas feed, as this reactive
behaviour is known beforehand and the initial facilperformance may be
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characterised in order to detect any operating Iprolin order to solve it and to
adjust any required physical or logic element.

- Single feed Block: a series of test to apply soqpgral water oxidation process to
feeds composed by only a type of sludge as feeddh separated test.

- Mixtures feed Block: a series of test dealing wiged composed from mixtures of
sludges and other wastes in order to assess silipatavater co-oxidation process.

Each series was defined as a group of runs, devotgett processing data for monitoring
parameters in different conditions to study thecpssing variables (pressure temperature,
flowrate, oxygen rate, composition of the feed atmg and the reliability of the overall
performance.

As it was identified as a valuable target to camy some long-lasting test, the number of
final tests and runs as well as the variables tstbdied had to be balanced keeping the
overall objectives, schedule and budget of theeotojAlso, the design of experiments

(DOE) was fitted progressively as results were lab&. The reaction tests performed up
in Action B4 lead to interesting results but alpeaal difficulties appeared and a specific

non-foreseen assessment was required in order to depth in the causes to avoid the

undesired effects and unacceptable risks.

In accordance to experimental findings and decisaien, methodologies, protocols and
resources required to carry out the experimensdarh had to be modified taking into
account the need of working and assessing in arnalive mode to avoid severe
operating problems and overall, undesirable safetyacts. Along the tests, special
attention were paid to the selection of operatiogditions for key SCWO variables and
their application to determine the stability andurstness as important factors for
demonstration, fitting the duration to be relevenbugh to assess the key issues but
without compromising other factors such as resauraeailability. In accordance to
current results, it was considered as crucial tartz® the resources (time, manpower and
budget) devoted to look at critical issues suchfegsl conditioning, assessment, etc.
Indeed, the problems faced pointed out deeper neesigng needs to minimise the
corrosion and plugging problems. This way, the riiediexperimental plan, including the
possibility of facing other unforeseen situatiomattmay require additional extra measures
to go ahead and as a result, pointed out thathialenges cannot be solved within the
original duration of the project but with an extiemsup to 30/06/2017. As a consequence,
an application for an amendment was carried outitands accepted by the Commission.

B.4.2 Starting-up operations with feed

Initial reaction tests were carried out with methlaas feed and afterwards, reaction tests
with sludge as feed were carried out. Methanolstegére very useful for diverse
purposes: to fit and improve the control softwand aequences, to train manpower with
oxidation test; to solve operational problems twnpote the reliability of the
performance, to start-up the supercritical oxidagssessment, etc. These methanol tests
proved that the prototype may be operated and gubiatit that the rate of reaction may
be significant. Nevertheless, the appearance otlbwish effluent pointed out the
potential occurrence of corrosion phenomena, sinoay be an indicator of the presence
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of metals such as Nickel or Chromium, present mage materials used in the prototype
such as stainless steel or other particular alloys.

As to the oxidation between the organic load in ghedge and the oxygen under
supercritical conditions may follow a cascade o&ct®ns more complex than for
methanol, it was decided to move on the foresesntigh sludge.

B.4.3 Assessment of key SCWO operation variables

Different operating conditions were assayed regardemperature, pressure, flowrates,
load in the feed, heating up speed, etc. and irapbremoval rates were achieved. More
specifically, pressures up to 230 bar and a maxirtemperature up to around 570°C of
in the reactor were applied at a series of test. rEsults showed high removal rates both
on organic matter (COD) and on total solids (T8)act, percentages higher than 97 and
80% were achieved for COD and TS, respectively.

Nevertheless, relevant operative problems were tifilh such as corrosion, since
yellowish colour also appeared in the effluent @hayging causing flow and pressure
troubles making impossible to carry on the expenitsie Plugging required not only
chemical but also mechanical cleaning and indeedne test the reactor’s entrance pipe
had to be removed and replaced by new pipe in aerarry on with experimental
activities. These operations took more time thapeeted since there were geometrical
constraints to get the reactor’s liner out duehtaps changes and also the presence of
additional inorganic material that could not beilgadeaned out. Thus, conditioning and
cleaning efforts were further larger than initidibyeseen and new protocols and strategies
had to be developed.

Operation under more severe conditions in ordertprove or to balance the removal
rates was discarded due to the potential risk (nadgelimitations) and economically
inconvenience. This way, it was decided to develdfhoc a methodology to enhance the
feed to keep potential risks as minimum as readypmassible, while heading towards the
operation optimization. A specific time was neededget this ready in addition to
foreseen experimental time, as new reengineeringuid were required, that implied to
apply modifications in the process and the facilfgatures needed to operate in
accordance to this adapted processing configurateading to relevant results in line
with the project objectives.

The figure below (Figure 10) shows some experiniestanples showing the clear
differences between the feed (left) and the ougbilient (centre), which soluble phase
was similar to the softened mains water samplét(ig
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Figure 10. Experimental samples: feed (in) and ot (out) vs softened tap water

As some highlights from the results regarding tlsseasment of some of the key
variables:

- Process temperature (temperature of feed intorgéhetor 110-384 °C, maximum
reaction temperature 250-570°C): one of the impbparameters.
it had a clear impact on heat requirements forpifoeess but also
on the efficiency of the process (COD removal).

- Process pressure (reaction pressure, 190-230dve)of the important parameters.
Jointly with reaction temperature had an impacttephenomena
and reactions taking place in the process, sohdnanhg a potential
influence on the appearance of differences of press the reactor
and plugging, although other variables such as teedposition or
oxygen flowrate may have an stronger effect.

- Feed features (solid content, 1,6-10 d.s%, uditoned vs conditioned sludge,
cosubstrates): one of the most crucial parameférs. content of
organic matter in the feed is directly related wilie demand of
oxygen to process it, the amount of energy that beyroduced
(exothermic reaction) but also the concentratiod e of other
substances had an impact on the performance gfrtdeess. This
way, conditioning steps through reengineering messuvere
found as key for overall satisfactory behaviourwiit evidences of
corrosion or plugging appearance and differencesoimposition
due to type of cosubstrates did not change ovieed&viour but had
an impact on some results.

- Oxygen flowrate (12-35 £kg/h): this parameter importance was stressedaifyec
once reengineering measures were taken to surpessctet
constraints and limitations.
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B.4.4 Steady performance monitoring and sensitiaitglysis

In accordance to processing results, some tests eagried out along several hours along
the periods of three months initially considereal tlsat accumulated effect of operation
may be observed despite of plugging occurrencesieSest considered small variations
of some processing variables as an approach tdisgpsnalysis.

Along the test, the values for the most importatiables were monitored and analysed
afterwards. The prototype performance showed thesspre values were quite stable,
despite of small fluctuations on other parametdesiertheless, differences of pressure in
key parts such as high pressure chambers actety cemh as indicators of potencial
process difficulties if trends maintained alongtair times. On the other hand, once
process conditions attained, temperature values kege stable despite of slight
variations on other parameters. Nevertheles, teamtyes and especially, maximum
temperature in the reactor confirmed its sensytiwiith regard to other parameters such as
oxygen flowrate, with a strong relationship duetsorole in the reaction itself. Regarding
the composition or nature of the feed, the respdisited out this parameter is directly
related to the number of hours of stable operatithout highAP. This statement stands
especifically on the differences observed amongult®swith unconditioned and
conditioned sludges. Also, tests with mixed feeagi©live Oil Mill co-waste yielded the
shortest stable continuous operation time, althabghmixtures composed by sludges and
different cosubstrates did not make a differenceowerall stable operation time before
experiencing high pressure drops.

On the other hand, as foreseen, specific attentes paid on the solid fraction separated
from the effluent, in order to assess phosphoreasvery. A revision of methodologies
was carried out and specific procedures to handle samples were established and
applied.

B.4.5 Corrosion assessment and reengineering

As foreseen in this task, as experiments were ezhrout and results pointed out to
potential corrosion, specific assessment was peddrto assess the occurrence and
extension as well as to design reengineering axifameeded.

Samples were taken from the removed piping pamrder to study the nature of the
substances leading to blockage problems. Additiciests by ultrasounds and by
electronic microscopy were carried out in ordegdoin depth in the features of the walls
of the high pressure elements (reactor, heat egenanto know if corrosion evidences
could correlate with losses of thicknesses or widar differences in surface appearance.
Electroscopic images showed evidences of corrotha was assessed by quantifying the
loss of thickness, being compatible with expecteactural evolution. Although corrosion
levels were under safe range, some units could hmen becoming more brittle.
Therefore, reengineering possibilities were studiedleal with the most likely factors
with a major impact on the phenomena taking plexalving different process steps with
special mention to feed preparation, injection f@action,...These precautionary
measures consumed extra time not considered ipitrathe experimental design leading
to a re-scheduling of the experiment plan.
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Later on, after carrying out co-oxidation experinsewith real feed, digital radiography
was utilised to generate real images of largern@estof the pipes internals, that showed
as yet no evidence of significant corrosion on poént subjected to the most aggressive
process conditions. These conclusions support ¢neodstration of the supercritical co-
oxidation technology.

Regarding system reengineering, a total of 7 gémech specific actions were performed
during the project period, concerning the followisgues:

» Water supply line modification with a softener disethe high hardness and high
Chloride concentration (detrimental regarding syst®rrosion resistance) of water
effluent coming from the WWTP and main water supply

» LO2X’s blend tank configuration, removing the MiXeom the tank’s recirculation
line due to unsatisfactory performance.

« Gas analyser placement from outdoors to insid¢hencontrol room together with a
better gas pump and optimized filters/dryers toaggbod timing and quality of the
measurement.

» LO2X tubular reactor’s entrance features to avaidging issues.

« Configuration of Q injections to redesign how the reaction oxidans wabe injected
in the system..

* On-site sludge dewatering system: the Paterna’s WWGQd provide sewage sludge
with up to 8-10% dry matter content.

B.4.6 Mass and Energy Balances: vield and effigienc

Results from experimental activities performed 4.8 and B4.4 were assessed to
calculate the mass and energy balances and tardeéethe yield and efficiency of the
processes applied. Calculations had into accodnesauch as flowrates, compositions in
the streams, temperatures, oxidation efficiencets, In order to resume the process
flowchart to come up to the most important resntticators of efficiency, a simplified
representation of the process flowchart was udemyss in the Figure 11 below for one of
the co-oxidation tests (specifically with a cosatrrepresenting food type wastes, with
pesticides pollution, a imazalil concentration deti@ed about 300,000 pg/L turned into a
neglible one below 0.1 pg/L).
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Figure 11. Mass balance flowchart
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As a summary of the main results, the following ©meere achieved along the LIFE Lo2x
project:

0 > 99% elimination of organic matter. The COD of SCWcO effluent is in average

lower than 200 mgglL, reaching values even lower than 25 rajO

100% elimination of pesticides. Imazalil is degraded through SCWcO up to
350 mg/kg, four orders of magnitude higher than domcentration removed by
anaerobic digestion.

100% elimination of pathogens. Escherichia coli, Clostridum perfringenand
Salmonella sppare completely eliminated. SCWcO leads to corepdétrilization.

>85% heavy metals are recaptured for safe handlingHeavy metals are mainly
detected in inorganic solid fraction of the SCWdtuent.

Recovery of nutrients. Mineralization of nitrogen and phosphorus fadiét the
nutrient recovery in order to be used as builditogks of fertilizers. Nitrogen occurs
in the liquid phase (NK2 g/L) while phosphorus is present in the inorgasolid
fraction of the SCWcO effluent §Ps~25%).

No highly harmful gases are producedCQ; is the main gas generated by SCWcO.
Typical undesired gaseous products from the contbhugirocesses as N@nd SQ
are not produced.

98% reduction of sewage sludge leaving WWTPTotal solid reduction higher than
90%. The inorganic solid fraction from SCWcO isaaurce for phosphorous industry
whereas wastes from anaerobic digestion may enl the landfills.

Zero heat consumption. The heat produced by the oxidation under supgrakit
conditions (highly exothermic reaction) makes pumgpto be the only significant
energy-consuming stepd., 1 kWh/kg dm) through SCWcO.

>10% reduction in sludge treatment cost.The gate fee thanks to co-substrate
treatment by SCWcO allows reducing the cost of giutteatment below the cost of
anaerobic digestion.
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The achievement of such high ellimination rateswlifferent mixtures as feeds confirms
the potential of the technique for managing wastesh as the tested co-substrates. This
possibility remains as feasible not only from tleehnical but the economical point of
view since the treatment of polluted co-substraey imply important treatment cost
through other alternative current ways. Thus, therall sludge treatment costs may be

more advantageous taking into account the samefgeasefor the co-substrates that are
managed sinergically.

Action C1: Monitoring of the impact of the project actions

This action covers the tasks required for the nooimiation and assessment of the impact
of LO2X project, including the indentification opscific indicators, the monitorization of
the identified indicators of the SCWO process verthe baseline.€., Paterna WWTP)
and the assessment of the socioeconomic impabegdrbject.

Paterna WWTP ANAEROBIC DIGESTION (Baseline)

HIKING Al DEWATERIMNG

{Lu Dewa terad slidge '
THICKEMER ‘ 1

PrETiary
shidge !_
- Indicators
Sacondary
s g | -

_—

THICKMER o Gax (0O, Ny, 0L

Water @

Pesticides Salts fF‘-
Leachates el o

Faod wastes  SCWoD

LIFE Lo2x (Prototype)

Action C1 started as scheduled and during the firashths of the project a total of 25
indicators were defined in order to assess the @mphtation project actions: 13
environmental sorted out into 5 groups, 12 socmhemical indicators organised into 6
groups. List of specific indicators were includedhe Deliverable D.C.1.1.
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Environmental
indicators

Group 1: Group 2: Group 4; Group 52

Mutrients COrganic Pesticides Resource
matter ; & energy

Environmental aspect Indicator Description

N removed / DM, (kg/kg) Nitrogen pollution reduction from
sewage sludge and other wastes.

N removed (%) Nitrogen pollution reduction from
sewage sludge and other wastes.

Nutrients
P removed / DM (kg/kg) Phosphorus pollution reduction from
sewage sludge and other wastes.

P recovered (%) Phosphorus recovered from sewage
sludge and other wastes in the solid.

OM removed / DM (kg/kg) Organic matter pollution reduction from
sewage sludge and other wastes.
Organic matter

OM removed (%) Organic matter pollution reductioon
sewage sludge and other wastes

IR produced / DM (kg/kg). Final wastes inertization from sewage
sludge and other wastes

Inorganic matter
TS removed (%) Total solid removed from sewageggud
and other wastes

Pesticides removed / DMKkg/kg) Pesticides abatement
Pesticides
Pesticides removed (%) Pesticides abatement
Oxygenconsumed / DM(kg/kg) Reactive consumption through SCWO
Temp max (°C) Maximum temperature detected through
Resources and energy SCWO

Energy consumed / DMin (KWh/kg)  Energy consumeduigh SCWO

.. . : ~
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Socioeconomic
indicators

Group 1§
Econarmical
assessment

Group Z:
Promotion of

Group 3:
Enhancement
of productivity

cechors

Group 3: Group 4:
High qualified § Reduction of
public services

Group 62
Legal and
safely

Socioeconomic aspect

Indicator

Economical assessment

Total Costs by Lo2x technology treatment / RK&/kg)

Total Costs by baseline technology treatment /. JEIkg)

Costs: (investment + running cost + final dispasats / DMeated (€/kQ)

Promotion of industrial
diversification

Number of different providers for the prototype stvaction (#)

High qualified
employments

Number of high qualified employment generated dythe whole project (#)

Number of high qualified employment generated adicgy to the actions (#)

Reduction of public
services

Cost of sewage sludge final disposal (baselineo&xlprocess) (€/kg)

Total cost of water sanitation without returns wfested sludge dehydration
(€/m?)

Cost of wastes treatment (baseline vs Lo2x prod€4sy)

Enhancement of
productivity sectors

Number of companies from different productivity ®es interested to treat
their wastes by co-oxidation with sewage sludged2X technology (#)

Cost saving in the treatment of wastes from prdditigtsectors in
comparison with current treatment or disposal (%)

Legal and safety

Number of licenses accomplishextder to compliance legal environmental
and safety requirements (#)

Along whole project information from process evauat have been collected and
analysed. Results obtained during the demonstrétiafs period (B. Implementation
actions) generated enough information to asses®rligonmental and socioeconomic
benefits standing on more real data.
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Baseline information j

Most important environmental benefits to
A. Preparatory actions —> define indicators...
- Resources efficiency.
e
- Energy efficiency.
B. Implementation actions - Pollution reduction.
—>

- Waste and sludge reduction.

On the one hand, environmental indicators suchutgents recovery, reduction of wastes
and pollution caused by contaminants such as pastiovere proved. In addition, another
advantage is the thermal self-sufficient charaofehe process, pointing out that there is
still potential to produce electric energy. Thedwling results were achieved during the
experimental campaign of the LIFE Lo2x project:

= Nutrients. Mineralization of nitrogen and phosphorus faatkts the nutrient
recovery in order to be used as building blockiedflizers. Nitrogen occurs in the
liquid phase (NH" ~ 2 g/L) while phosphorus is present in the inaigasolid
fraction of the SCWCO effluent §25~25%) where is recovered up to 82%

= Organic matter. > 99% elimination of organic matter. Kg of COD reradvper
kg of sewage sludge and wastes (dry matter) isehitifan 1.40 in all of scenarios.

= Inorganic matter. Total solid reduction higher than 90%, which nme&8%
reduction fo sewage sludge leaving WWTP. The inoigaolid fraction from
SCWCO is a resource for phosphorous industry wisevesstes from anaerobic
digestion may end up in the landfills.

= Pesticides Imazalis is fully degraded through SCWCO up toO 8ig/kg
(5,000 mg/kg dm). None of the more than 50 pesigstudied was detected in the
effluent of the SCWCO process.

= Resource and energyOn one hand, oxygen dose is lower than 2.5 ¥gdadm
in all studied scenarios. On the other hand, thet beoduced by the oxidation
under supercritical conditions (highly exothermgaction) makes pumping to be
the only significant energy-consuming step thro8gwWCO.

On the other hand, the main socioeconomic benefdse the demonstration of the
competitive price of the technology, the reductommpublic services especially related to
the disposal of residues, the enhancement of ptivdyicsectors since this novel
technology feeds from several technological leadiagtors, what has contributed to the
creation of high-qualified direct and indirect eyhents. The following results were
achieved during the experimental campaign of theELLO2X project:
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= Economical assessmentl0% reduction in sludge treatment cost. The fete
thanks to co-substrate treatment of drencher waséewby SCWcO allows
reducing the cost of sludge treatment below the ob®aseline i(e., anaerobic
digestion).

= Promotion of industria diversification. WWTP diversification via co-oxidation.
Other liquid wastes, including very pollutant stresasuch as pesticides, leachtes,
can were successfully co-treated.

= High qualified employments Four high qualified employment generated during
the whole project: Jose M. Abelleira, Jordi Cagas Bsteban Bardallo from SCFI
and Raul di Silvestre from IVEM.

= Reduction of public services The gate fee thanks to co-substrate treatment of
drencher wastewater reduce significantly the cdsts@wage sludge, which
represent 35% of total water sanitary price.

= Enhancement of productivity sectors Emerging market. Legislation on water
quality or sludge use, nutrient management and gstasus recover / circular
economy policies will generate opportunities in tiear future.

= Legal and safety 7 licences has been accomplished. LIFE LO2X dimnbe in
line with the upcoming regulatory and normativeuiegments.

A complete report of environmental and socioecomoassessment of the project, with
the table of both types of indicators is includedhe Deliverable D.C.1.2.

Start dateOctober 2013End dateJune 2017.

Deliverable D.C1.1. List of specific indicators: specific indicators lseted for the
environmental and socioeconomic assessment ofdiecpactions” (achieved).

Deliverable D.C1.2. Environmental and socioeconomic impact assessmeport’
(achieved)

Milestone M.C1.1. Specific indicators selected detined (achieved)

Milestone M.C1.2.Data for the assessment of the specific indicatmwBected and
organized. Calculation of impact indicators perfatn (LO2X data vs baseling)
(achieved).

Milestone M.C1.3Environmental and socioeconomic impact assessnugrg(elchieved).
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5.2 Dissemination actions

5.2.1 Objectives

The general objective of the communication strai@gyO2X is to define the communication
bases to disseminate the results and best praatieatified throughout the project and to
highlight the added value of the European intemeentwithin the LIFE programme to
demonstrate its relevance in terms of support, angrg, and promotion of cooperation
networks. The key message is that a synergic ebrtent with energy and phosphorus
recovery through supercritical water co-oxidati®@C{VcO) may be an economically viable
technique to reduce the environmental impact ofagensludge and wastes (raw or digested
manure, high load food processing wastes, pesticldachates and others).

At a general level, four operational objectives set

- Better exploitation of project results This will encourage the transfer of the lessons
of the project to other users, other policies anaylme the European legislative
process;

- Involve the beneficiary States of LIFE to a greateextent, by giving them an active
role in the improvement of the communication onE;F

- Implement specific communication activities for thecandidate countries through
greater participation of these countries in theE_IRstrument;

- Increase the institutional and general visibility & LIFE by projecting a positive
overall image of the program, within the Europeasmthission, beneficiary States
and general public.

The specific goal of the plan is fmublicize results and experience from the projectd
different stakeholders and promote the uptake of tese technologies

Target audience: because water and waste field is linked differsattors, the target
audience includes a wide variety of stakeholdemfmany disciplines. Stakeholder group at
National and European level are:

1. Public authorities

2. Water treatment RTDs
3. Platforms

4. Policy Makers

5. Industries

6. General public

A list of specific stakeholders in these categoiseset in deliverable D.0.0. — Communication
and Dissemination Plan.
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5.2.2 Dissemination: overview per activity

Action D1: Dissemination and Communication plan (D®)

The DCP sets the dissemination strategy of LO2X]uging goals of the plan, target
audience, messages and channels, implementatitvities, schedule and proposal of ideas
for technical articles and press releases.

It constitutes the deliverable D.0.0 — Disseminmatamd Communication plan. A detailed
implementation schedule was included upon requeasiecCommission. Several updates have
been issued whenever necessary along the lifetirtfeedProject. The consortium has agreed
in scheduling these activities in a twofold waytidns during 2015 and 2016 were scheduled
in a more generalist way (low-profile) through dogvebs and social media. They focused in
reaching the attention to the problems addressdtiarproject. Actions during 2017 were
scheduled in a more specific way (high-profile)otigh specialised press, with the focus in
disseminating the results.

The corporate image of the Project was developdatiarbeginning of the project, including
the project logo, templates for reports and dedilbbrs. The projects logo, colours and visual
image was applied to the dissemination materiath @as notice boards, Layman’s report,
film, technical articles, leaflets, technical pasteeb page and slideshow.

Action D2: Project Website

Project virtual site was started as foreseen amdllittontinue under development along the
duration of action D2 (up to the end of the projediRL: http://www.lo2x.com Web page is
active in Spanish and English versions.

Woax

e h SN

The sections in the website are: project (desonpibbjetives, activities, results and benefits),
partners (participants and contact details), docusnédownloadable versions of project’s

elements, press releases and photo gallery), (tloksther LIFE related projects) and agenda
(future events related Lo2x). All sections are\agti

A “Members Area” has been specially developed t&keneasier the information exchange
among partners. A Workplace Guidelines documentoeas issued to help partners with the
use of the tool.
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Following the project external monitor indicationa, revised version of the Outputs
Indicators, affecting some of the goals regardingsBmination that were set in the Grant
Agreement, was sent to the Commission on July 2@iithis specific change:

* The expected average number of website visitorsnoeith has been reduced from the
initial 10.000 to a more reasonable number of 100.
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From January 2014 to September 2017 (45 monthgk than 16.500 visits to the web have
been received, close to 370 visits per month (apprately 367 visits per months). The
Communication’s plan objective is to reach 100tsigier month, objective that has been
widely surpassed. See below Website Analytic fergariod.
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Todos los datos de sitios web
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Webpage visitors come from Spain and United StafeAmerica. In fact, between both
countries amount to close to 50% of the visits.

Following indications from the EC, it has been ud#d in the website a photo gallery section
and the date of the last updaltgtifs://www.flickr.com/photos/lo2x/albuh&nd the website
provides information of the project technical 0]:y: 1
(http://www.lo2x.com/eng/actividades.hfjrand downloable version of the project technical
documents such article, poster or leaftetd(://www.lo2x.com/eng/documentos.h)ml

Project website and workplace constitutes Delivier&bD.2.
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Action D3: Project materials

The project materials have been used to dissemimaéehnical and industrial events, and to
present the project to the general public. Acigtio generate project materials have been
implemented as foreseen.

GENERAL AND TECHNICAL LEAFLETS

General project leaflet content has been produgedINIA both in Spanish and English to
disseminate the project in mainstreaming activitidge electronic version is available in the
web page [Http://www.lo2x.com/documentos/general_leaflet.pdin  English  and
http://www.lo2x.com/documentos/folleto_general.pdf Spanish). Two versions have been

necessary as a result of the departure of ISOLUKX ienreplacement by URBASER. Last
version of the leaflet is annexed in point 7.3.3H€ dissemination annexes”. 500 copies in
English and 500 in Spanish were printed in colour.

Wo2x

project

sy Supercritical water
co-oxidation (SCWcO) of
urban sewage sludges and
wastes

A project funded by the
European Commision under
the LIFE prosramime
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The technical leaflet with technical informationtb& project for dissemination in congresses
and trade fairs is also available in the website
(http://www.lo2x.com/documentos/Technical _Leaflet2kgdf). 200 copies were printed in
colour in order to use this material for presentif@PX project to the authorities and other
scientific or technical stakeholders.
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Project leaflets constitutes Deliverable D.D.3.

POSTERS

One poster was foreseen in the proposal. Insteamh@f two posters, general and technical,
were designed with relevant information of the pobjfor dissemination in congress, trade
fairs and events at European level such as “LIFEewWRlatform Meeting Water Works” in
Mancheter (United Kingdom) or “European InnovatiBartnership on Water” in Porto
(Portugal) in order to ensure appropriate impacthef project to stakeholders. Moreover,
poster, general and technical, were used in LO2ZnEVWUrban Sewage Sludge: from Waste
to Resource” celebrated in Valencia (Spain). Pestélt also be used in future events framed
in the AfterLife Plan.

The electronic versions are available in the welgepdoth of the general poster
(http://www.lo2x.com/documentos/General_Poster Lo2@0kanglish).pdf in  English and
http://www.lo2x.com/documentos/General_Poster Lo288Gastellano).pdin Spanish) and
the technical posteh{tp://www.lo2x.com/documentos/Technical Poster »pdf).

Technical poster:

- = . b < (o)
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Action D4: Notice Boards

A notice board describing the project was produeed displayed in a visible place,
accessible to the public. Visual material and dpsee texts were used. The design is in
accordance with the visual identity of the projestablished in Action D1 and used in other

dissemination elements, such as the website aril@¢tleaThe LIFE and project logos are
included.

On the one hand, 3-panel notice board in Englisk aisplayed at the prototype site in order
to disseminant the project and facilitate the exalen of LO2X plant.

E3

preey——
aNasa

Supercritical water co-oxidation (SCWcO)
of urban sewage sludge and wastes

alnia  ivMezar Eivem Sofi .."':.’.

Partners: 54

ainia
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On the other hand, 1-panel notice board (postes)digplayed in a visual place, accessible to
the public in each partners facilities to dissermitha project. Notice board was produced in
Spanish for AINIA, IMECAL, IVEM and URBASER and iEnglish for SCFI to be used by
partners in their own language.

IVEM URBASER

IMECAL AINIA SCFI

More pictures of the notice boards displayed bothG2X prototype and can be also found in
the webpagehttps://www.flickr.com/photos/lo2x/albums/72157613884066

Notice boards are part of Deliverable D.D.5.
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Action D5: Layman’s report

A Layman'’s report was produced at the end fo tlogept, both in paper and electronic format
(http://www.lo2x.com/documentos/Laymans-lo2x-eng.pdf in English and
http://www.lo2x.com/documentos/Laymans-lo2x-esp.pufSpanish). 50 copies in English
and 50 in Spanish were printed in colour.

The report has 10 pages and present the progadbjetives, actions and results to the general
public. The desing of the report is consistent wihié rest of the dissemination elements and
include the LIFE and project logos.

Laymans report Laymans report

tozx Eozx

project project

Layman’s report constitutes Deliverable D.D.3.

Action D6: Virtual tour of the prototype
A film was produced to show in detail the final fmtype and its performance. The video has

voice-over and subtitles in English and Spanishe Turation is 4:17 min. The film
constitutes Deliverable D.D.4.

Partners: __ainia (co-ordinator) IMEGAL _fcﬂ <o www.lo2x.com 5€
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nutrients from the low quality

urban sewage sludge. In particular,

The video was published and posted in YouTube in yMa2017
(https://www.youtube.com/watch?time_continue=5&v=SKWTbXi0), in the project
website www.lo2x.com and in AINIA webpage through the article by AndrBascual
“Primera planta demostrativa de co-oxidacion sujitice que consigue valorizar lodos
contaminados de depuradoras urbanas junto a otrosesidups”
(http://www.ainia.es/noticias/prensa/primera-platésostrativa-de-co-oxidacion-
supercritica). By September 2017, the video was downloaded ecles 400 times,
approximately 80 downloads per moth.

- = . b < (o)
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The LOZX project aims to demonstrate the environmental and socio-economic benefits of a synergic co-
treatment of sewage sludge and wastes (raw or digested manure, high load food processing wastes,
pesticides, leachates and others) with energy and phosphorus recovery through supercritical water co-
oxidation (SCWeO).

LO2X: Oxidacién supercritica para tratar lodos y residuo.. @@ =

Lo2x

project

» o) 005/417 2 Youlube I3

Action D7: Technical Articles

Four technical articles were reported by the cansorin order to disseminate and promote
the use of environmental-friendly technologies,hsas the one demonstrated by the project.
The technical journals that published the artieesboth national and international ones and
they were selected on basis the impact that thdiligantions could cause on the society. The
technical articles are available in the web péue://www.lo2x.com/eng/documentos.htm|

1) RETEMA, in its 196 issue, published the artitBxidacion en agua supercritica de lodos
de EDAR: Proyecto LIFE Lo2x”. This paper reviewde tenvironmental issues of urban
sewage sludge: increasing sludge generation, the pwluntants detected and the new
European Union legislation framework. RETEMA isheical journal of environment, which
is published bimonthly with a print-run of 6,50000es and read on the Internet by
23,500 readers. Web addresgps://www.retema.es/

- . : <« M
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2) FUTURENVIRO, in its 43 issue, published the deti“LIFE Lo2x project: Supercritical

water co-oxidation of sewage sludge and waste’s Haper brings a review of the main
results achieved in LIFE Lo2x. FUTURENVIRO is ahatal journal of water, wastewater
and waste treatment, which is published bimonthith wf print-run of 7,000 copies. The
distribution magazine online reaches over 110,0atmprofessional from around the world.

Web addresshttp://futurenviro.es/en/
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3) TECNOAGUA, in its 27 issue, pubished the artildFE Lo2x: Demostracion de los

beneficios de un co-tratamiento sinérgico de lodes EDAR y residuos”. This paper
describes the LIFE Lo2x prototype as well as shdwes main beneficts achived through
supercritical water co-oxidation technology. TECNGWBA is a technical journal of water
and wastewater, which is published biomontly witlpiant-run of 6,000 copies. Web address:

https://www.tecnoaqua.es/
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Articulo Técnica
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4) WATER & WASTEWATER INTERNATIONAL, in its 6 issu&2 volume, published the
article “SUPER SLUDGE: Spain Spearhead Developroéfupercritical Water Oxidation”.

This paper brings a general overview of the basitcyples of main treatments employed in
Spain on sewage sludge treatment. Given the adyestaf supercritical water oxidation of
sewage sludge treatment technologies, including SGMvd its potentialities as a promising
and innovative technology. The main LIFE Lo2x résubre presented. WATER &
WASEWATER INTERATIONAL is a technical journal of wer and wastewater, which is
part of WATER WORLD, a web portal that has 61,00baiptors. Web address:

http://www.waterworld.com/
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The technical articles are part of Deliverable B.D.
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Action D8: Press releases

Press releases were issued at 3 key milestonekeoprbject: beginning of the project,
prototype validation and end of the project. Thesprreleases were written by AINIA and
distributed to th consortium partner and its peEsgacts.

Project lifetime

>
Expectations Awareness Achievement
Beginning of project Prototype developed End of project
Press release #1 Press release #2 Press release #3
(by AINIA) {(by AINIA) {(by AINIA)
04/11/2013 09/05/2017 30/06/2017

First press release after kick-off meeting was isheld on 04/11/2013 with close to
30 impacts. Second press release was publishe@/65/2017, which coincided with the visit
of technical and financial desk officers from Euwap Commission. The main objective of
the second press realse was showed the awarenpssaiiype developed. In fact, the video,
which shows in the final prototype and its perfont® was presented in this second press
realease. Finally, the third press release wasghdd on 30/06/2017 at the end of the project.
This press realese emphatise the main achieveroeb@®2X. Both the second and third press
releases achieved more than 10 impacts. Specralppritant was the impacts of the third
press realease with two radio interview in natiopadgrams. Other 14 press publications
were issued.

Type Media Title Date

Other Eneco 2 Pequefia resefia al final del artibttlw//www.eneco2.org/fr/actus/un- 26/08/2013
supermercado-de-eroski-se-autoabastecera-congragan-de-biomasa

Other Retema Ainia coordina el proyecto LO2X, tratarto conjunto de lodos de 1/10/2013

depuradora y otros tipo de residuos mediante cacidd supercritica.
https://issuu.com/r.retema/docs/retemal70_sep20iB8

Press AINIA Instalaran la primera planta en Europa de aguaatifiea en una depurador 04/11/2013

Release #1 urbana de Valencia para demostrar su eficacia.
http://www.ainia.es/naticias/prensa/instalaran4lisgra-planta-en-europa-
de-aguesupercriticrer-une-depurador-urbani-de-valencia

Press Agencia EFE  Se instalara en Espafia la primeragmbgua supercritica de Europa. 04/11/2013
Release #

Press Blog del Agua Instalaran la primera planta en Eu@agua supercritica en una depuradd4/11/2013
Release #1 urbana de Valencia para demostrar su eficacia.

http://blogdelagua.com/tematica/depuracion/prinmeara-europa-agua-
supercritic-depurador-valencia

Press Fruittoday Instalaran la primera planta en Europaglua supercritica en una depuradad®d/11/2013
Release #1 urbana de Valencia para demostrar su eficacia.

Press Futurenviro Primera planta en Europa de agua stifeacen una depuradora urbana de 04/11/2013
Release #1 Valencia.http://futurenviro.es/node/444

Press lagua Una novedosa tecnologia permitira tratardatbodepuradora, residuos 04/11/2013
Release #1 agroalimentarios, lixiviados de vertederos y plaglas de forma conjunta.

http://www.iagua.es/noticias/depuracion/13/11/04fmovedosa-tecnologia-
permitire-tratar-lodos-de-depurador-residuo-agroalimentaric-lixiviados-d
Press Retema Instalaran la primera planta en Europa de supercritica en una depurador@4/11/2013
Release #1 urbana de Valencia para demostrar su eficacia.
http://www.retema.es/noticia/instalarn-la-primetafta-en-europa-de-agua-
supercrtic-er-uné-depurador-urban-de-valenci-pare-demostre-sL-eficacie
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Press LaVerdad La primera planta de agua supercriticAweppa se instalara en Paterna.  04/11/2013
Release #1 http://www.laverdad.es/innova/investigacion/20138/AQua-supercritica-
20131105121-rc.html
Press Agrodigital Novedosa tecnologia que permite tratauna misma instalacion lodos de 05/11/2013
Release #1 depuradora junto con residuos agroalimentariogjutédas residuales o
lixiviados de vertederos.
http://www.agrodigitacom/PIArtStd.asp?CodArt=929
Press Diario Vasco  Instalan la primera planta de agu&strftica en Espafia. 05/11/2013
Release #1 http://www.diariovasco.com/innovalinvestigacion/30105/agua-
supercritic-20131105121-rc.html
Press ClubDarwin Instalaran la primera planta en Europagiea supercritica en una depuradof®/11/2013
Release # urbana de Valencia para demostrar su efic
Press Innovaticias Instalaran la primera planta en Eug@agua supercritica en una depuradd?&/11/2013
Release #1 urbana de Valencia para demostrar su eficacia.
http://www.innovaticias.com/innovacion/19983/readlb-busqueda-
eyf.php?fecha=20:-02-7&sec=eventc
Press Las Provincias La primera planta de agua superaréin Europa se instalara en Paterna. 05/11/2013
Release #1 http://www.lasprovincias.es/agencias/20131104/cdtatualenciana/comunit
at/primeri-planteaguesupercritic-europa_2013110417.html
Press Las Provincias L'Horta acogera la primera plantaglea supercritica de Europa. 05/11/2013
Release #1 http://www.lasprovincias.es/v/20131105/horta-moreddorta-acogera-
primeréplante-20131105.htn
Press Las Provincias Instalan la primera planta de agpereritica en Espafia. 05/11/2013
Release #1 http://www.lasprovincias.es/innovalinvestigaciorf/20105/agua-
supercritic-20131105121-rc.html
Press Ideal Instalan la primera planta de agua supesaréin Espafia. 05/11/2013
Release #1 http://www.ideal.es/innova/investigacion/201311@fbia-supercritica-
20131105121-rc.html
Press Residuos Una sola instalacion para tratar lodos, residuosadignentarios, lixiviados y 05/11/2013
Release #1 Profesional plaguicidashttp://www.residuosprofesional.com/una-sola-ingtiala-para-
trata-lodeos-residuo-agroalimentaric-lixiviados-y-plaguicidas
Press La Verdad Instalan la primera planta de agua suitieecen Espafia 05/11/2013
Release #1 http://www.laverdad.es/agencias/20131104/comunigdenciana/primera-
planta-agua-supercritica-europa_201311041721.html
Press Hoy Instalan la primera planta de agua supercréic&spafia. 05/11/2013
Release #1 http://www.hoy.es/innova/investigacion/20131105&gupercritica-
20131105121-rc.html
Press Diario Sur Instalan la primera planta de agua strffera en Espafia. 05/11/2013
Release #1 http://www.diariosur.es/innova/investigacion/2018%4aqgua-supercritica-
20131105121-rc.htm|
Press El Correo Instalan la primera planta de agua sujtieecen Espafia. 05/11/2013
Release #1 http://www.elcorreo.com/innova/investigacion/2018%4agua-supercritica-
201311051216-rc.html
Press El Comercio Instalan la primera planta de agua sujtiea en Espafia. 05/11/2013
Release #1 http://www.elcomercio.es/innoval/investigacion/2018%/agua-supercritica-
20131105121-rc.htm|
Press La Voz Digital Instalan la primera planta de agupescritica en Espafia. 05/11/2013
Release #1 http://www.lavozdigital.es/innova/investigacion/A11 05/agua-supercritica-
201311051216-rc.html
Press Radio 9 Radio interview at Agropopular program 5/012
Release 1
Press EFE Verde La primera planta de agua supercritidaugapa se instalara en Paterna.  06/11/2013
Release #1 http://www.efeverde.com/noticias/la-primera-plad&agua-supercritica-en-
europi-se-instalari-er-paterng
Press Vitenergia Instalaran la primera planta en Europaglia supercritica en una depurado®&/11/2013
Release #1 urbana de Valencia para demostrar su eficacia.
http://www.vitenergia.es/?noticias=instalaran-lay@ra-planta-en-europa-de-
agua-supercritica-en-una-depuradora-urbana-de-ciak@ara-demostrar-su-
eficacie
Press ABC La primera planta de agua supercritica en Eusegastalara en Paterna.  07/11/2013
Release #1 http://www.abc.es/natural-desarrollorural/20131 4®¢i-planta-agua-
supercritic-paterni-201311071104.htr
Other El Mundo Newspaper supplement — Mercados.idMechbiente 11/11/2013
Other Aguas Francisco Heredia, Director-Gerente de la empMEMI S.L., nos comenta 06/11/2014
Residuales los detalles mas destacados de esta empresa dedit@a®d&M de
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instalaciones relacionadas con el Ciclo IntegralAdgia.
http://www.aguasresiduales.info/revista/entrevi$tascisco-heredia-director-
gerent-de-la-empres-iven-s-I-nos-coment-los-detalle-me-thn?2i

Other El Levante El poder del agua supercritica. 01/10/2015

Other Retema Oxidacién en agua supercritica de Ide@&DAR: Proyecto LIFE Lo2x. 01/01/2016
https://www.retema.es/articulo/oxidacion-en-agupesaritica-de-lodos-de-
eda-proyectclife-lo2x-kZzlc

Other AINIA Oxidacioén en agua supercritica, aplioaes para tratamientos de depuracié81/06/2016
de aguas residuales.
http://www.ainia.es/tecnoalimentalia/tecnologiaadion-en-agua-
supercritica-aplicaciones-para-tratamientos-de-gegon-de-aguas-
residuales

Other El Pais Las diez ideas espafiolas para ataguarfrente al cambio climatico. 10/03/2017
http://tecnologia.elpais.com/tecnologia/2017/024t6lalidad/1487257232_8
18990.htrr

Press AINIA Primera planta demostrativa de co-oxidacién sufim@mue consigue 09/05/2017

Release #2 valorizar lodos contaminados de depuradoras urjanasa otros residuos.
http://www.ainia.es/noticias/prensa/primera-plagéaostrativa-de-co-
oxidacior-supercritice

Press Iresiduo LO2X: ¢ Cémo valorizar lodos contaminadesidpuradoras urbanas junto a09/05/2017

Release #2 otros residuoshttp://www.iresiduo.com/noticias/espana/ainia/1709802x-
comc-valorizarlodos-contaminadc-depuradoré-urbana-junte

Press Aguas Primera planta demostrativa de co-oxidacién sufim@mue consigue 09/05/2017

Release #2 Residuales valorizar lodos de EDAR junto a otros residuos.
http://www.aguasresiduales.info/revista/noticiashgra-planta-demostrativa-
de-co-oxidacior-supercritic-que-consigu-valoriza-lodos-1NzVY

Press Retema Primera planta de co-oxidacién supercritieavaloriza lodos de depuradorad9/05/2017

Release #2 con otros residuo$ittp://www.retema.es/noticia/primera-planta-denwista-
de-co-oxidacior-supercritic-que-valorize-lodos-contamin-hWZDM

Press Ecoticias Resultados del proyecto LIFE LO2X, lidergdr AINIA, y en el que han  09/05/2017

Release #2 participado otras cuatro empresas: IVEM, URBASER, IMEGASCFI.
http://www.ecoticias.com/residuos-reciclaje/13583ultados-del-proyecto-
LIFE-LO2X-liderado-por-AINIA-y-en-el-que-han-paripado-otras-cuatro-
empresé-IVEM -URBASEFR-IMECAL -SCF

Press Innovaticias Resultados del proyecto LIFE LO2X, fatto por AINIA, y en el que han  09/05/2017

Release #2 participado otras cuatro empresas: IVEM, URBASER, IMEGASCFI.
http://www.innovaticias.com/innovacion/41605/20157@0/resultados-del-
proyecto-life-lo2x-liderado-por-ainia-y-en-el-quashparticipado-otras-
cuatrc-emprese-ivem-urbase-imeca-scfi

Press La Vanguardia La Planta EDAR de Paterna recupe?a @b de los fosforos presentes en  09/05/2017

Release #2 lodos.
http://www.lavanguardia.com/local/valencia/201708@2416002531/la-
planta-edar-de-paterna-recupera-el-95--de-los-fosfpresentes-en-
lodos.htm

Press Las Provincias La Planta EDAR de Paterna recupeds &b de los fosforos presentes en 09/05/2017

Release #2 lodos.http://www.lasprovincias.es/agencias/valencia/2G1G% planta-edar-
patern-recuper-958694.htrr

Press ResiduosprofesLO2X: OXIDACION SUPERCRITICA PARA TRATAR LODOS Y 10/05/2017

Release #2 ional RESIDUOS AGROALIMENTARIOS.
https:/www.residuosprofesional.com/lo-lodos-residuo-agroalimentario:

Press Tecnoagua El proyecto Life LO2X crea la primeranpdademostrativa de co-oxidacién 11/05/2017

Release #2 supercritica que consigue valorizar lodos contadusale depuradoras
urbanas junto a otros residuos.
https://www.tecnoaqua.es/noticias/20170511/ain@pcto-life-lo2x-planta-
cooxidacion-supercritica-valorizar-lodos-contamiosdiepuradoras-urbanas-
residuos#.W--5dQtCH:

Press Biotecnologia Primera planta demostrativa de co-oxidacién sufim@mgue consigue 11/05/2017

Release #2 al dia valorizar lodos contaminados de depuradoras urljantsa otros residuos.
http://www.biotecnologiaaldia.es/index.php/comudicsprensa/2412-
primera-planta-demostrativa-de-co-oxidacion-sugécarque-consigue-
valoriza-lodos-contaminadc-de-depuradore-urbana-juntc-a-otros-residuo

Press El Mundo Newspaper supplement — Mercados. Medio iéntb 14/05/2017

Release #2

Press Economia 3 Ainia, primera planta que valoriza lodostaminados de depuradoras 12/06/2017

Release #2 urbanashttp://www.economia3.com/2017/06/21/108598-aini@pra-
planteque-valorize-lodos-contaminadc-de-depuradore-urbanas
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Other

Ategrus AINIA informa sobre la jornada “LOD@& EDAR: DEL RESIDUO AL 15/06/2017

RECURSO_ Jornada Proyecto LIFE Lo2x (LIFE12 ENV/ESATI)" —
Martes, 20 de junio de 2017 en Paterna (Valencia)
http://www.ategrus.org/wp-
content/uploads/2017/06/LIFE Lo2x PROGRAMA espa%C3%pBdt

Press AINIA Consiguen eliminar cerca del 100% de los compuegtiisicos organicos  30/06/2017

Release #3 presents en lodos de EDARtp://www.ainia.es/noticias/prensa/consiguen
eliminar-cerca-del-100-de-los-compuestos-quimicagnicos-presentes-en:
lodos-de-edar

Press Biotecnologia Consiguen eliminar cerca del 100% de los compuegtmsicos organicos  30/06/2017

Release #3 al dia presentes en lodos de EDAR.
http://www.biotecnologiaaldia.es/index.php/comudiasprensa/2412-
consiguen-eliminar-cerca-del-100%-de-l0s-compuestisicos-organicos-
presente-er-lodos-de-eda

Press Quimicay Eliminan cerca del 100% de los compuestos quinuegdnicos presentes en03/07/2017

Release #3 Socidad lodos de EDARNttp://www.quimicaysociedad.org/2017/07/03/eliminan
cerca-del-100-de-los-compuestos-quimicos-organicesentes-en-lodos-de-
edar

Press Aguas Consiguen eliminar cerca del 100% de los compuegtiisicos organicos  03/07/2017

Release #3 Residuales presentes en lodos de EDAR.

.info https://www.aguasresiduales.info/revista/noticies&guen-eliminar-cerca-

del-10C-de-los-compuestc-quimicos-organico-presente-er-lo-LUbbF

Press Retema Consiguen eliminar casi el 100% de los corpaigsiimicos organicos en 03/07/2017

Release #3 lodos de depuradorhttps://www.retema.es/noticia/consiguen-eliminasica
el-10C-de-los-compuestc-quimicos-organico-er-lodos-de-depu-mPmww

Press Interempresas  Consiguen eliminar cerca del 100%sledmpuestos quimicos organicos 04/07/2017

Release #3 presentes en lodos de EDAR.
http://www.interempresas.net/Reciclaje/Articulos/&889-Consiguen-
eliminar-cerca-del-100-por-ciento-compuestos-quirsiorganicos-presentes-
lodos.htm

Press Iresiduo Eliminar los compuestos quimicos organfmesentes en lodos de EDAR yad5/07/2017

Release #3 es possiblehttp://www.iresiduo.com/noticias/espana/ainia/17@87eliminar-
compuestc-quimicos-organico-presente-lodos-eda-ya-es

Press Tecnoagua Consiguen eliminar cerca del 100% deologpeestos quimicos organicos 05/07/2017

Release #3 presentes en lodos de EDAR.
https://www.tecnoaqua.es/noticias/20170705/ainiatehr-compuestos-
guimicos-organicos-lodos-estacion-depuradora-agesiduales#.WndS8-
dGo1k

Press La Ser Radio interview at La Llavor program. 08/07/2017

Release #3

Press El Mundo Newspaper supplement o — Mercados. Medibiante 9/07/2017

Release #3

Press La Cope Radio interview at Agropopular program. 18077

Release #3

Other La Razén Lideres en regadio respondililies://www.larazon.es/economia/lideres-en-30/07/2017
regadio-responsable-CD15705502

Press Interempresas  Eliminan cerca del 100% de los costps&uimicos organicos presentes eh5/09/2017

Release #3 lodos de EDARNhttp://www.interempresas.net/Agua/Articulos/195503-
Eliminan-cerca-del-100-por-ciento-de-l0s-compuesfioisnicos-organicos-
presente-er-lodos.htm

Other Futurenviro LIFE Lo2x: Co-oxidacion en aguagescritica de lodos de EDAR y residuo89/2017
http://futurenviro.es/digital-versions/2017-09/§lassets/basic-
html/pagel7.htn

Other Tecnoaqua LIFE Lo2x: Demostracion de los fieins de un co-tratamiento sinérgico d€9/2017
lodos de EDAR vy residuobttps://www.tecnoaqua.es/kiosco/revista27/visor

Other Wwi SUPER SLUDGE: Spain Spearhead DevelopwieBtpercritical Water 11/2017

Oxidationhttp://www.waterworld.com/articles/wwi/print/volur@2/issue-
6/technolog-casestudies/supesludgedevelopmer-in-spain.htr

The press releases are available in the web afe/fvww.l02x.com/eng/documentos.h)ml
and are part of Deliverable D.D.5.
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Action D9: Events

The consortium organized a Final Dissemination Evéled “Urban Sewage Sludge: From
Waste To Resource. LIFE Lo2x EVENT (LIFE12 ENV/E®@77)" on 20/06/2017 in
Valencia. The aim was disseminate the main resilthe project among the most relevant
stakeholders and increase the synergies and caigmeaaong other related projects.

It was a 9 to 17h full day event, that included:

= a review of the current status and future developgned urban sewage sludge
management by EPSAR authorities,

= several presentations of the project, actions asdlts by AINIA, IVEM, IMECAL,
SCFl and URBASER,

» the presentation of related LIFE projects such @a©3RE, iCirBUS-4Industries,
RecoPhos, LEMNA, ANADRY, ECODIGESTION and NEWAPPPH by its
coordinators,

= a parallel networking session

= atechnical visit to LIFE LO2X plant

LIRELANSS EVARGE S LU DGE: FREM WASTE TO-RESQUSICE »
tllt mtummlmntmmﬂwp *HEEES

WABAN-SEWAGE SLUDGE: FROM WASTE FORESOURDE + .
HIFE Todx EVENT [LEET2RaivEd dnda ) © & & & & & .

.-4---1?\*#*1!!***""*"‘."
!é-{-cziinizﬁzlri-énm::T:T::m“':
ainia IH'FclL QIUEH .ﬁ:FI ".J ainla IMEC.P«L @[\"EM J-CFI _&;‘H

PJ-IGt.ﬂnMME
EROGRARMME B3RS ARGISTRATION

LR EE BN R EE B

AR TR R R R LL TR «.-x)

The event i pramoted by LIFE Lok praject “Supsrcritical waker co-
caddation [SCW oDl of urben sswege Sludpe and wastes” and its alm (5 ta
share the results of the project and to increass the synergies and
cooperation among other related projects, contributing to the 2% years of
LIFE programme |wany. life-25.8u].

The evert is addressed ta members of projects in the field of wastewster
and waste treatment sectors that have synengies with UFE LoZx, The evant
will b a patworking and masting spsce amang engaing LIFE projects.

Programme of the event s
(http://lwww.lo2x.com/documentos/Event Lo2x%20(Enu)ipdf) and in

available in

BoA%- 13:00h URRAM SEWAGE SLUDGE MANAGEMERT
= Tt sl e fufuee disslopiment of ursn sewage shalia managememt FPRAR
10:00-11:20k PRISINTATION OF LIFE Lodx
& Iroducton R UFE Leke & setaislul i in ueban Sewags Shedge IMatagemin], AV
« Tresment gl tdgs by snaerctic digewsnn in Pateras WATE: LIFE (ads Rassine. 0560
= Technical detadh ol UFE Lods slant based on Saperiftical waber anidation, IWECal

T o red i Lechieknt fesulls s esed akong LFE Lodie SOA
at e al aret snch ¢ bty nf LIFF Ends. (MALSEA

1E:12-11:30h COFFE BRE&K
12:55-13:15h HEMOVAL OF POLLUTANT AND RUTRIENT RECOVERY

w RIFESTORAE: Fyneng i TRAD ardd O proces in WlTF; For Some Eifident s
WSRO FAlta
= U ICrBLE- indunirien: insmraripee Crostar Duninws on Enengy, Waker, Fertilosr &
Crraiructinn ingksiries irwargs 5 Gresnsr Brginasl Feneoerg, CTARX
aAnaPhes-Recavery of Mhospioee: Reoowers o PRosp®or s P Sewage Shedgs ond
St Shidge Askin with e (Rirmo rdthidting Rachal Protdad, IWERDD
= LIFE LEWT: Diackwesd Imchralngy far improréng retrent 2 & ard rencurme s
m pig predurilon vebems AN
12:15-1500h ENERGY SECDAERY AMD OBTAINMNG NEW PRODUCTE
« LFEARADHT: Dry anaerabec dipestion oanaiamathes maragemont & froatment
sol e Rar sewage shidge. Dand
w LT E EEODCHESTICN: Aulomatic conimd widem o sded cogeme weaie o smserchic
dygeisry of WWTE o meremine the Bisgm as rmewabie srerpy. SR
+ MEWATP [FP7|- Applization of Hytbothermal Carbonieat ion Techeningy o Sicmans
Wamate Srmama. NG,

13:00-14 00k NETWORKING COKTAR,
14:00- L7000k TECHMICAL WESIT T3 LIFE Lad= PLANT

website  botim  English

Spanish

(http://www.lo2x.com/documentos/Event _Lo2x%20(Cdated).pd). Some picture of the

event can be foun herettps://www.flickr.com/photos/lo2x/albums/72157684396204

The event attracted close to 50 people from pulithories (i.e., EPSAR), Water Treatment
RTD (e.g., FACSA or GLOBAL OMNIUM), platforms (i.ePTEA), waste managers (e.g.,
SAV-DAM or EDAFO) and industries (e.g., CARBUROS MELICOS or INGELIA).

Partners:
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Further dissemination, of a more environmental seathnical profile, was done at relevant
events at European level particulary forum, corggesand trade fairs. Thus, LIFE+ LO2X
has been presented in twenty-eigth forums for conegsaand stakeholders from the
environmental and innovation sectors. It is impart® emphatize the presentation of LO2X
project in EU LIFE Programme Announces Water PtatfcEvent (Manchester, United
Kingdom), 16th European Meeting on Supercriticalidd (Lisbon, Portugal), Green Week
2014 (Brussels, Belgium) and 2017 Conference ofBthepean Innovation Partnership on
Water (Porto, Portugal).

Type Event Title Date
Presentation LIFE12 Regional Kick-off Meeting Supercritical water co-oxidation (SCWcO) of urban 08/10/2013
(Spanish projects). sewage sludge and wastes LIFE+ LO2X
Madrid
Presentation Jornada de Ofertas Tecnoldgicas e@xidacion supercritica de lodos de EDAR y otros  14/11/2013
el Sector Energético y residuos. El royecto LIFE+ LO2X
Medioambiental. (Oral communication by Andrés Pascual)

Organised by: INNDEA Valencia,
Ayuntamiento de Valencia, SEIMED

y REDIT.
Valencie

Presentation LIFE Waste Platform meeting at  LIFE+ LO2X: Supercritical water co-oxidation 02/06/2014
Grenn Week. (SCWcO) of urban sewage sludge and wastes

Brussels (Belgiun

Presentation Satellite event at Envifood Meeting Oxidacion supercritica de lodos de EDAR y otros  12/06/2014
Point. residuos. El proyecto LIFE+ LO2X
Organised by: FIAB, IFEMA. (Oral communication by Elvira Casas)
At the national fair “Foro de
Soluciones Medioambientales
Sostenibles”.
Madrid

Presentation Food for Life Platform Spain. Supercritical water co-oxidation (SCWcO) of urban 14/11/2014
Meeting of the Working Group on  sewage sludge and wastes LIFE+ LO2X
Sustainability.

Madrid
Presentation*  Bio-Based Industries Ainia. Life CyAesessment Experience. 03/02/2015
(Poster communicatio
Presentation Plataforma FOOD FOR LIFE. Life Project LO2X: Supercritical water co-oxidation 24/03/2015
Grupo de Trabajo “Calidad, (SCWCO) of urban sewage sludge and wastes.
Produccién y Sostenibilidad” (Oral communication by Andrés Pascual)
Madrid
Presentatic Taller sobre gestién de subproduc  Gestion de subproduc 12/05201&

- = . b < (o)
Partners: __ainia (co-ordinator) IMECAL_fcﬂ ¢ www.lo2x.com o€

centro tecnolégico urbaser



$Lo2x
Supercritical Water Co-Oxidation (SCWcO) Of Urban Sgevaludge And Wast@sFE+12 ENV/ES/00047 | proect

en la industria alimentaria -
MAGRAMA/FIAB
Madrid

(Oral communication by Andrés Pascual).
http://blog.fiab.es/index.php/fiab-y-el-magrama-
apuestan-por-la-eficiencia-en-la-gestion-de-
subproductc-dentrc-de-la-industrie-alimentaria

Presentation Reunién Semestral de Young WateBupercritical water co-oxidation (SCWcO) 09/02/2016
Professionals. Online presentation of urban sewage sludge and wastes
from AINIA. (Oral communicatit by Javier Claro:
Presentation EU LIFE Programme Announces Supercritical water co-oxidation (SCWcO) 24/05/2016
Water Platform Event in UK of urban sewage sludge and wastes
WATER WORKS - overcoming (Poster communication by Elvira Casas)
challenges to achieving good water
status in urban areas.
Manchester (United Kingdol
Presentation** Asamblea General Ainia Life Project LO2X: Supercritical water co-oxidation 23/06/2015
Valencia (SCWCO) of urban sewage sludge and wastes.
(Oral communicatio by Andrés Pascu:
Presentation*  Infoday Regional Programa Life. LO2X: Co-oxidacion en agua supercritica (SCWc0Q0)14/07/2015
Valencia de lodos y residuos de depuradora.
(Oral communicatio by Javier Claro:
Presentation**  Climate KIC “The Journey”. LO2X: Co-oxidacion en agua supercritica (SCWc0)28/07/2015
Valencia de lodos y residuos de depuradora.
Valencie (Oral communicatior by Javier Claro:
Presentation LIFE Infoday - Networking Event. Supercritical water co-oxidation (SCWcO) 14/07/2016
IVACE. of urban sewage sludge and wastes
Valencic (Oral communication by Javier Clar
Presentation Climate KIC “The Journey” Ainia  Supercritical water co-oxidation (SCWcO) of urban 21/07/2016
centro tecnolégico visit. sewage sludge and wastes wastes
Valencie (Oral communication by Javier Clar
Presentation®*  Jornada técnica EPSAR: Nuevas Co-oxidaciéon en agua supercritica (COASC) de  03/11/2016
tecnologias aplicadas al sector de lalodos de depuradora y residuos
depuracién de aguas residuales.  (Oral communication by Raul di Silvestre)
Valencie
Presentation*  Tecnologias Innovadoras para el Retos tecnoldgicos de la oxidacién hidrotérmica de 03/11/2016
Tratamiento de Aguas Residuales, lodos.
Lodos de Depuradora y Residuos. (Oral communication by Jose M. Abelleira-Pereira)
Madrid
Presntation Seminario Técnico: Innovaciény Experiencia y beneficios potenciales de la tecrialog08/11/2016
Soluciones Circulares para un Uso oxidacion supercritica en EDAR del Pol. Fuente del
mas Sostenible del Agua en Jarro Paterna (Valencia)
Industrias Agroalimentarias. (Oral communication by Francisco Heredia)
Valencie
Presentation Seminario Técnico: Innovaciény Co-oxidacion Supercritica de Lodos Contaminados 08/11/2016
Soluciones Circulares para un Uso no Aptos para Uso Agricola
mas Sostenible del Agua en (Oral communication by Jose M. Abelleira-Pereira)
Industrias Agroalimentarias.
Valencie
Presentation* =~ SMAGUA — 23 Salén internacional Proyecto LIFE Lo2x: Co-oxidacion en agua 07/03/2017
del agua y del riego. supercritica (COASC) de lodos de depuradora y
Zaragoza Residuos
(Oral communication by Cristina Gar-Vera
Presentation Jornada de Innovacién Proyecto LIFE Lo2x: Co-oxidacion en agua 28/03/2017
Biorrefinerias: transformando supercritica (COASC) de lodos de depuradora y
biomasa en bioenergia 'y Residuos
bioproductos (Oral communication by Cristina Alvarez)
Madrid
Presentation Building LIFE capacities in Supercritical water co-oxidation (SCWCO) of urban30/03/2017
Lithuania Environmental Projects  sewage sludge and wastes
Management Agency. (Oral communication by Jose B. Carbajo)
Valencie
Presentation®*  16th European Meeting on Supercritical water co-oxidation (SCWCO) of urban26/04/2017
Supercritical Fluids (EMSF) sewage sludge and wastes
Organiser: International Society for (Oral communication by Elvira Casas)
Advancement of Supercritical Fluids
(ISASF).
Lisboa (Portugal
Presentation®*  Programa LIFE 2017. Infoday Proyecto LIFE Lo2x: Co-oxidacion en agua 30/05/2017
Regional. supercritica (COASC) de lodos de depuradora y
Valencia Residuos
(Oral communication by Jose B. Carbi
Partners: ainia (co-ordinator) IM : L I g C 67
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Presentation* 2017 Conference of the European LIFE LO2X: Supercritical water co-oxidation 26/09/2017
Innovation Partnership on Water.  (SCWCO) of urban sewage sludge and wastes
Porto (Portugal (Oral communication by Andrés Pasc

Presentation Jornada Técnica: Eliminacién de LIFE12ENV/ES/000477 LIFE LO2X 28/06/2017
nitrogeno y fosforo en aguas (Oral communication by Cristina Garcia-Vera)
residuals.
Cordobz

Presentation Technical Workshop on Advance Co-oxidacion supercritica de lodos de depuradora y21/11/2017
Solutions for Sustainable residuos. LIFE LO2X

Management in Water Treatment.  (Oral communication by Cristina Garcia-Vera)
Organized by Carburos Metdlicos.

Barcelon:

Presentation VIl Jornada sobre gestion y Proyecto LIFE LO2X:Co-oxidacién en agua 22/11/2017
tratamiento de lodos de EDAR supercritica de lodos de depuradora y residuos.
Barcelon: (Oral communication by Jose B. Carbi

Poster presented in Event “Biobased Industrie0®02/15

ainia Life Cycle Assessment
tro tecnolbgice xperience
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Oral communication presented in along relevant esven

Tecnologias Innovadoras para el Tratamiento de dgua  Jornada técnica EPSAR: Nuevas tecnologias aplicddas
Residuales, Lodos de Depuradora y ResidMaslrid sector de la depuracion de aguas residuslgencia

SMAGUA — 23 Salon internacional del agua y del oieg Infoday. Reginal Programa LIFKalencia
Zaragoza

Conference of the European Innovation Partnership on
Water.Porto (Portugal)

Some pictures of the events and related networkatign can be found here:
https://www.flickr.com/photos/lo2x/albums/721576 22694182

Action D10: Presentation to the relevant authoritis

The project results, environmental impact and theelfits for the stakeholders have to be
presented to the relevant authorities in ordeutthér disseminate the project.

In this field, the project was presented to theaeg public entity for wastewater sanitation
public sanitationEntitat Publica de Sanejament d’Aiglies Residuals (ESAR) of the
Valencian Region, which helps in the initiative Ibgnding one of its facilities and
infrastructure to hold the pilot plant (WWTP of Bata). This entity is responsible of the
construction and management of wastewater treatpiants in the Valencian Region. Thus,
its support ease the implantation of the demongé&raiantas well as dissemination of results
and future implantation of industrial facilities.

- = . b < (o)
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Also, bilateral meetings with the relevant Enviremtal Spanish authorities (Ministry,
Regional government, Water platform), are forededme undertaken in the sencond semester
of 2016, specially with: MAGRAMA (in relation witSANDACH regulation), Ministerio de
Sanidad, Servicios Sociales e Igualdad; and Carselle Industria C.V.

So far, the project has been presented to:

» Margarita Ruiz, Deputy Assistant Director-GeneaalResidues (MAGRAMA).

= Leonor Algarra, General Sub-directorate for Livektproduction (MAGRAMA).

= EPSAR (Water Regional Entity of Valencia/plant owne

= ACA (Water Regional Entity of Catalufia/plant owner)

= ESAMUR (Water Regional Entity of Murcia/plant ower

= EMACSA (Water Regional Entity of Cordoba/plant owne

= AGUAS de NAVARRA (Water Regonal Entity of Navarrkpt owner).

= Enrique Lopez, Head of Servicio General de ResidDi®ccion General de Calidad
Ambiental) from Conselleria de Infraestructurasiriferio y Medio Ambiente.

Some pictures of the presentation to authoritiesb@afound here:

https://www.flickr.com/photos/lo2x/albums/721576 8000650

Action D11: Presentation to stakeholders

The project has been presented to more than 2@tsilders of relevant interest in order to
promot technologies that solve environmental chgis such LO2X.

Stakeholder Group Date
European Sustainable Phosphorus Platform - ESPP tforfPa 11/07/2017
DAM Water treatment RTD 20/06/2017
PTEA Platform 20/06/2017
Edafo Waste manager 20/06/2017
FACSA Water treatment RTD 20/06/2017
Ingelia Industry 20/06/2017
SAV — Agricultura de la Vega de Valencia Waste nggena 20/06/2017
Egevasa - Global Ominum Water treatment RTD 20/06/2017
Estonian and Lithuanian LIFE capacity building g’ delegationsPublic authorities 29/03/2017
University Polytechnic of Valencia (UPV) AcademiodaR&D center  09/03/2017
BVALVUE Industry 30/01/2017
ARCAMO Controls, S.A. Industry 18/01/2017
Scottish Water Water treatment RTD 10/02/2017
Carburos Metalicos Industry 06/02/2017
Pangea, S.L. Industry 07/02/2017

- = . b < (o)
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Hydro-Water Industry 20/01/2017

University of Cadiz (UCA) Academic and R&D center  22/12/2016
University of Valencia (UV) Academic and R&D center  03/11/2016
GEMWATER Water treatment RTD 12/10/2016
University of Santiago de Compostela (USC) Acadesmid R&D center  07/07/2016
Ministry of Agriculture of Hungary Public authoks 10/05/2016
Food for Life Platform 12/05/2015
FIAB Platform 21/03/2015
Bio-based industry Platform 03/02/2015

The presentations have been performed in the diftekind of events and, specially, in the
prototype plant. More than 30 visits have been wmled to the Paterna's WWTP by LO2X
staff. As soon as visitors are introduced, theysteg their visit by introducing the following
information in the provided LO2X facility’s logimlider: name of the visitor, ID, name of the
company, date & time, brief reason of the visitsitirs attend to a brief safety explanation
and are supplied with the following PPE’s: helméthwace shield or lab safety glasses,
gloves and ear protectors. Then, visitors attertbgcexplanation on the process flow diagram
of the whole WWTP where the Lo2x facility is locdtea WWTP’s mock-up located in the
control room is used to aid this part of the vigifterwards, visitors and staff walk in the
LO2X facility where firstly an overall introductions given on LIFE Projects, and in
particular on the LO2X Project and the Partnersived. The LO2X’s process flow diagram
is also introduced at that moment of the visitobefvisitors enjoy of a walk around the real
system. The type of specific visit has a flexib&une, since we are able to offer, either visits
with the system off (for instance, in the casetaksholders visiting to discuss about certain
components of the system) or demonstration visites( of the cases) with the system
operating on water, methanol (model compound), gewsudge and/or co-wastes. Visitors
are also introduced on the basics of the LO2X grobroom: power and control cabinets, as
well as the control SCADA used to operate the syst@ the case of demonstration visits
with waste feedstock, the attendees have the apptytof checking how the influent and
effluent streams look like by in-situ sampling.

Some pictures of the presentation to stakeholderbeafound at the LIFE LO2X webpage:
https://www.flickr.com/photos/lo2x/albums/721576 38000650

To ensure an acqurate regiter of the visits ofedtalders and authorities to the plant, a
Visitor's Register was set on place. Also, a sesexfurity rules was stablished in a Visitor's
Rules document that was handed to the visits befiotering the prototype site.

Visitor's Register (template)

T . : 4 AP
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REGISTRO DE VISITAS
VISITOR'S REGISTER

Dogument Ne1

Documento N21

Organisation amgfl*]-:-ml:-r—; de la organizacidn

Date of visit/ Fecha dela vsita

Entrance hour Exit hour
Hora entrada Hora salida

Visitors / Visitantes

{Visitor Name) {Identity Number}

Reason for the visit
Motivo visita

Action E3: Networking Activities

The consortium performed serveral networking aesivivith other LIFE+ projects both
ongoing and completed. First, the consortium idgnsieveral projects in the field of
wastewater and waste treatment sectors that haezggs with LIFE Lo2x. The networking
activities were included in the project scheduld arcluded visits, meeting and exchange of
information and even participation in open meetiagchange of information by face to face
meeting were hold during the life time of the podge In fact, these networking activies of
LO2X ensured and efficient transfer of their owmegated know-how and experience.

Project Coordinator

Synergy

LIFE STO3RE: Synergic TPAD and O3 process in FACSA
WWTPs for Resource Efficient waste management(Spain)

Sewage sludge and organic waste
(i.e. slurry) treatment

LIFE ANADRY: Dry anaerobic digestion as an DAM
alternative management & treatment solution for  (Spain)
sewage sludge.

Sewage sludge treatment

LIFE iCirBUS-4Industries: Innovative Circular CTAEX
Businesses on Energy, Water, Fertilizer & (Spain)
Construction Industries towards a Greener Regional

Sewage sludge treatment

Partners: __ainia (co-ordinator) IMEGAL §e= Ff
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Economy.

LIFE ECODIGESTION: Automatic control system tcAGUAS DE Sewage sludge treatment
add organic waste in anaerobic digesters of WWTPMALENCIA
maximize the biogas as renewable energy. (Spain)

LIFE SOSTRICE - CO2 Emission Reduction of the IAT Waste treatment
Rice Cultivation Through Energy Valorisation of the(Spain)
Rice Straw

LIFE-EMPORE - Development of an efficientand LTL Wastewater treatment
sustainable methodology for EMerging POllutants (Spain)
REmoval in WWTPs

NEWAPP (FP7): Application of Hydrothermal INGELIA Waste treatment
Carboniza tion Technology to Biomass Waste (Spain)

Streams.

LIFE PHORWATER: Integral Management Model DAM Nutrient valorisation
for Phosphorus recovery and reuse from Urban (Spain)

Wastewater

LIFE LEMNA: Duckweed technology for improving AINIA Nutrient valorisation

nutrient management and resource efficiency in pig(Spain)
production systems.

LIFE SAVING-E: Two-stage autotropic N-removal UAB Wastewater treatment
for mainstream sewage treatment. (Spain)
RecoPhos—Recovery of Phosphorus: Recovery of M. Leoben Nutrient valorization

Phosphorus from Sewage Sludge and Sewage Sluddeistria)
Ashes with the thermo-reductive RecoPhos Process.

P-REX (FP7): Sustainable sewage sludge KWB Nutrient valorisation
management fostering phosphorus recovery and (Germany)
energy efficiency.

LIFE LEMNA LIFE ECODIGESTION

L0605 g o
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The consortium has been actively involved in differevents that were a networking and
meeting space among ongoing LIFE Project.

= Spanish LIFE+ Projects 2012 celebrated in Madrid &t01/2013 and already
mentioned, provided the chance to meet colleagwasvied in other LIFE projects
leaded by other Spanish entities.

= The LO2X project was also disseminated during thee@ Week 2014 held in
Brussels from the 2-5/06/2014. Andrés Pascual qipatied in the Waste Seminar
were LIFE+ projects related with waste were showh @n intense networking was on
during those days.

= LIFE LO2X was presented to a Climate KIC group @&i08/2015 and 21/06/2016.
Both the meetings were held in AINIA. In the laseeting, 43 Technicians from
different more than 15 different Universities of Eihd Canada assisted where
different projects were discussed.

= Coinciding with the celebration of the ®%nniversary of the LIFE Programme, on
30/05/2017 took place the Regional Infoday of LIF®&gramme Call 2017, organized
by REDIT and Chamber of Valencia. At the event,ribes call was presented as well
as the main results and experiences of 22 LIFEePt®jcoordinated by Valencian
entities.

= European Sostainble Phosphorus Platform (ESPP)dsyed LIFE LO2X as relevant
R&D project to nutrient recycling and nutrient mgeenent. It will include EU H2020
(FP), LIFE, INTERREG and national funded R&D prdgeon nutrient recycling and
management, for networling of companies, publicié®dnd other.

A report of networking activities is included in erable D.D.13.

1. Moreover, it has been possible to know about gpinejects funded by other programmes
apart from LIFE along other events. This has bleercase through the participation in the
10" International Conference on Renewable ResourcdsBirrefineries that took par
from 4" to 6" June 2014 in Valladolid (Spain). Along the sessjcgeveral interesting
initiatives were addressed. As some examples, otmtevolving the P-Rex project,
funded by FP7 programw{vw.p-rex.el), were presented. This project deals with
technologies aiming for the recovery and recycbhghosphorous, which is much related
with one of the objectives of Lo2x project. Alsotlwiregard to phosphorous Christian
Kabbe presented a talk that addressed differentgancluding the European Sustainable
Phosphorous Platform (ESRREvw.phosphorusplatform.ey).

2. Another research initiative with some points in coom with LO2X project but from
other point of view since involved WWTP treatmemtas addressed in the same event.
One of the oral talk was related to some reseairdimg for a new pre-treatment using
green chemicals to promote energetic autonomyeptimary treatment by digestion of
sludges and for energy recovery. This initiativesvaadressed by Veolia and the speaker
was contacted afterwards during the conferences Whs also the case for other speakers
and conference participants, giving place to nétmgr regarding supercritical
technologies, waste processing and upgrading, finerg, etc.

- . : <« M
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3. An internal meeting in Brussels in the frameworkB&l (03/02/15). Mr. Andrés Pascual
commented some results related with LCA of LO2>htestogy.

4. Several meetings were done with providers in ACHEMNVorld Exhibition Congress on

Chemical Engineering, Environmental Protection andBiotechnology
(http://www.achema.de/en/home.htn)l One of the meetings was with Sr. Jenn Vogl of
Feluwa Company who was interested in the prototypeeloped and its components

(pumps).

. The LO2X project was also presented in the fram&vadrAINIA annual meeting. The
assistants of the meeting are belongs to compameésassociations from food industry
interested in technologies available for valormamf wastegwww.ainia.eg.

5.3 Evaluation of Project Implementation
Methodology assessment

Each action required specific methods to carrytbetactivities and to get the results in
accordance to the objectives.

Internal organisation foreseen at the beginningthef project was adapted as the
consortium had to be modified because of ISOLUXileg Distribution of activities and
methodologies were adapted in order to keep thes sajectives with the same budget
but taking into account the profile of the new part URBASER and the moment of
approval of its participation.

B1 Detail engineering project

This task was carried out combining different pohaes. Basis for developing the main
technical information was discussed with partidgratof the major part of partners and
later on, shared by email once developed by then@ain charge (back-office). This
procedure was proved as efficient to go ahead avitiost of the task to minimise delays
in the project progress. Nevertheless, becauseeokind of activities and the need of
solving difficulties, adaptations were taking pldoesome issues and it was necessary to
coordinator reinforced updates through the partriEng importance of the issues to be
discussed increased from the originally foreseem a®nsequence of the decision of
developing a demonstrative prototype with largee si

This was especially relevant in case of URBASERhas project was already under
development when it got involved and there wag afldetailed information produced to
be understood before being in position of providfegdback and participating in an
active manner. Thus, it was agreed to devote gpenternal working sessions with the
support of the coordinator to ease the understgnafithe information already developed
and to be able to make adaptation period as shqossible.
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B2 Building up activities

Building up activities were carried out combiningferent methodologies leading with
the diverse classes of works:

emails, phone contacts, and/or face-to-face mestamgong partners to clarify
specifications, agree decisions, etc.

emails, phone contacts, and/or face-to-face meetimglarify doubts to address
offers, to follow up the offers and the deliveryitgms from providers, etc.

procedures for different physical tasks: holdingaaadaptation; positioning of
main units; positioning of valves, accessoriestruments, etc.; mechanical
assembly, electrical assembly, etc.

The scope of this task became more complex notusedar methodological reasons but
because of the impact and importance associataddemonstrative facility with larger
dimensions. This way, aspects such as weight,aidedimensions, energy demands, etc
became important, as resources needed for buildipg activities changed and
coordination among steps became more important.

Physical activities regarding assembly tests adogrdhe assembly plan, that was
organised taking into account factors such as:

physical requirements for a task regarding othemehts or previous tasks.
availability of elements (delivery times).
allowance for access and movements for an elerhahtrtay block other ones.

A pull of the mentioned methodologies showed tanbeded in order to handle arising
points in an efficient manner. For instances, ddpgnon the case, written instructions
or messages showed to be more effective to avosdimderstanding whereas in other
cases phone calls were the most useful mannerlte ddficulties promptly. In some
occasions the most clarifying way was to arrangeimasitu meeting to see issues
physically and together in a cost-effective maraifrough this method was proved to be
so useful in combination with the others.

B3 Start up of the prototype

Start up activities were carried out combining eliéint methodologies leading with the
diverse classes of works:

emails, phone contacts, and/or face-to-face mestamgong partners to clarify
actions, agree decisions, discuss open points, etc.

back-office work to produce information, documesets,

procedures for on site tasks: inert non-feed tests.
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Physical activities regarding inert non-feed tesése carried out studying specifically
the piping circuit to be active in each test areldhtions to be taken by hand or from the
automaton, as these tests differed from the operatist considered in B4 Action.

An iterative approach was applied to revise theltegproduced in a certain test because
of its impact on the prototype itself, the actiagase taken and the methodologies to be
follow for so and vice versa.

Periodical revisions of resources involved in stgrtactivities were carried out, since
larger scale of the prototype required a differerganization and more administrative
requirements to be fulfiled up to have all appiicas for the authorities ready and
managed.

B4 Operation of the prototype and assessment afdbridation process

Operation activities were started out regarding fireparation of the design of
experiments (DOE) combining different methodologigseady mentioned (emails,
phone contacts, and/or face-to-face meetings ampangers to discuss open points, to
assess proposals, to agree decisions, etc.

An iterative approach was applied to revise theokiygsis standing the operating
scenario with a potential impact on the DOE, thenemic and human resources derived
from a DOE proposal and new adjustments to fit beithnical aims and economic
constraints and so on.

As addressed in previous tasks, experimental &esvin the developed Lo2x prototype
involved more resources than the initially estirddt@ a test due to the larger size of the
prototype, as more human resources were needery at@ment to carry out the test and
more feed and auxiliary services were used. Thstgnated experimental program and
allocated resources were periodically revised.

Results achieved

The results expected for each action were analysedomparison with the results
achieved within the reporting period.

Task Foreseen in the revised proposal Achieved Evaluation

List of potential substances considen?g

” .
2 All $elect|on of to be oxidized and data sheet E-ully Complete without troubles

.© potential cosubstrates ? 00%)

5 selected cosubstrates

©

g

% FEED (Front End Engineering Design)
@ . . . revision and basic engineering project.

Ef A;cl).':étBaSIC engineering Global concept design of the plant I(:]_u(;lg%) Basis of the demonstrative plant design
a PO and the preliminary scheduling for the
2‘ construction of the prototype
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B.1.2 Process
Description and PFD

Fully

PFD and P&ID (100%)

Completed PFD without troubles
Identified as crucial for training and
dissemination

B.1.4 List of equipments

and detailed equipment.

Specification Datasheets

Geometric design and specifications of

all the main units and elements that
comprise the plant including: Fully
reactor, heat exchanger, pumpgl00%)
homogenizator, separation chamber,
and oxygen supplying system.

List of main equipments and datasheets
completed excepting gases supply system,
not to be considered at this stage for future
similar initiatives

B.1.5 Process control

description: P&ID and
Piping Instrumentation
List

Fully

PFD and P&ID. (100%)

Completed taking into account small
changes due to adaptation and assessment
along B2 and B3 actions. First versions to
be considered within the Initial Detail
Engineering project and further updates of
considered at the end of the B2+B3
Actions before certifications

B.1.5 Process control

description: P&ID and
Piping Instrumentation
List

B1 Detail engineering project

Design and location of the piping
elements that will comprise thd-ully
prototype: valves, pipes, fitting pieces,(100%)
racords, sealing elements.

Completed taking into account small
changes due to adaptation and assessment
along B2 and B3 actions. First versions to
be considered within the Initial Detail
Engineering project and further updates of
considered at the end of the B2+B3
Actions before certifications

B.1.5 Process control
description: P&ID and

Design and specifications of the
instrument and control elements thia_t

. - ; ully
will comprise the prototype and will b

Completed taking into account small
changes due to adaptation and assessment
along B2 and B3 actions. First versions to
be considered within the Initial Detail

o . o
Elsptlng Instrumentation required for control an monitoring o 100%) Engineering project and further updates of
the process. considered at the end of the B2+B3
Actions before certifications
B.1.6 Layout (2D/3D): Full
Holding area and Skid Layout (10();%) completed including gases supply system
specifications
Completed including elements with long
B2 Building up . Fully delivery times and changes due to B2 and
activities Demonstrative prototype constructed (100%) B3 actions affected by weather impact
among other factors
B2.2 Main SC units . . . .
(reactor and heat Main “units designed and built uq:ully Completed, affected by the delivery times

exchangers) and process

chambers construction

(reactor, heat

exchanger, preSSU{fOO%)
vessels, etc)

of special materials

B.2.3 Piping, pumps,

Completed including elements with long

sequences

vessels and Spec_lal elem_ents required - selecteBlly delivery times and changes due to B2 and
. ’ acquired and fitted (100%) h

instrumentation B3 actions results

B.2.5 Definition of Full Completed including adaptations and/or
control loops and Control loops and alarms defined (10())/%) changes due to B2 and/or B3 actions

results

B.2.6 Automation

Completed including adaptations and/or

B2 Building up activities

programme and Control - software  implemented  andully changes due to B2 and/or B3 actions
: ) tested (100%)
implementation results
Completed including elements with long
delivery times and changes due to B2 and
B.2.7 Mechanical Main units physically assembled Fully B3 actions results
assembly phy y (100%) Specific training and supervision applied

to personnel to deal with high pressure
materials

B.2.8 Electric Assembly
and heat isolation

Elements electrically wired (wiringFully
checked) and heat isolated. (100%)

Electrical wiring completed excepting
elements with long delivery times and
changes due to B2 and B3 actions results
Insulation materials installed in the last
part of the task

Partners:

tecnoldgico

’L”t‘ruainia (co-ordinator) IMEéAL _s'cf' u%:ér

78

www.lo2x.com



$Lo2x
Supercritical Water Co-Oxidation (SCWcO) Of Urban Sgevaludge And Wast@sFE+12 ENV/ES/00047 | proect

Foreseen in the reviseq

Task
proposal

Achieved

Evaluation

B3 Start up of the prototype

B.3.1.Detailed definition of

plant operation and Operating protocols, alarms anéully

Basis established successfully to develop
the automation software

Completed with adaptations and/or

i 0,
emergency protocols emergency protocols defined.  (100%) changes due to B2 and/or B3 actions
results
B.3.2. Definition of General preventive andF _Complet_ed t_rylng to compile and organise
ully information in an easy manner and taking

preventive and maintenancemaintenance guidelines for th

0,
guidelines demonstrative plant. ?100 %)

into account adaptations and/or changes
due to B2 and/or B3 actions results

B3.3. Plant operation and Plant operation and MaintenancEully

Developed in accordance with revisions
taking into account adaptations and/or
changes due to B2 and/or B3 actions
results

maintenance handbook Handbook. (100%)
B.'3'4' Ine.rt ste}rt up of the Demonstrative  plant testeq:

pilot plant:preliminary non- without sludae feed ully
feed tests g (100%)

Performance issues detected and solved to
achieve the required conditions needed for
reaction tests with sludge feed.

B.3.5. Certification of

Project for the certification. PIantF
. ully
demonstrative plant

certified (100%)

Individual projects for mechanical,
Electrical, fire protection, gas storage and
pneumatic installations developed

B4 Operation of the prototype and assessment of tf@oxidation

process

B.4.1 Experimental plan:
design of experiments
(DOE)

Experimental design to assess tlilly
SCWO process. (100%)

DOE balanced to invest in an efficient

manner both economical and time
availability coping with rescheduling
needs

B.4.2. Starting-up of
operations with feed

Demonstrative plant started-ugully
with feed (100%)

Plant successfully started-up with sludges
and cosubstrates

Identification of the compositions
B.4.3. Assessment of key E::g ri?%);ebnecetre?e?n:{::h ?&g&ully
SCWO operational variablesvariables P ?100%)

on the obtained results

Experiments carried out with different
conditions and compositions

B.4.4. Steady Performance Identification of the sensitivity

Monitoring and sensitivity and stability of the main proces':u"y Experimental evaluation  of  system
; . flOO%) performance and resuls

analysis variables.

B.4.5. Corrosion assessmentorrosion assessment of thEully Evaluations carried out and
and reengineering critical units and elements (100%) characterisations performed

Energy and mass balances for
different feed  compositions
treated in the demonstrative plarfully
Yield of phosphorus recovery ang100%)

B.4.6. Mass and energy
balances: yield and

Data treatment and evaluation oerformed
to define result scope and efficiency of

effciencies process conditions that led to best treatments
results

C.1.1 Identification of
o 5 specific indicators, I ' List of environmental indicators identified
£ 3 . Identification and evaluation ofFully . -
< ‘o Mmonitoring R o and evaluation of each indicator
S = . specific indicators (100%)
o & environmental performed.
-g g improvements assessment
£ 5 C.1.2 Assessment of the . . . -
S - : o I . List of socio-economics indicators
2 © socioeconomic impact of Identification and evaluation offully . - .
=g the proiect specific indicators (100%) identified. and. evaluation of each
O E project. P indicator performed

Task Foreseen in the revised proposal Achieved | Evaluation

D1 Communication and Update of the Dissemination and DCAP has been updated several times and
Dissemination action plan Communication Action Plan. Fully is allowing a effective dissemination of

Design of projet logo and corporate image. (100%)

the project.

D2 Project website

Creation of project website.
Contributions and updates from all partnersFully
Creation of worplace in the website

(100%)

Website updated peridically.
3.972 visits to the website.
Workplace in use

D3 Project Materials

Design and of Project Leaflet (General).
Design and of Project Leaflet (Technical). Fully
Design of poster

(100%)

Technical Leaflet and poster are
scheduled in 2016
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D4 Notice Boards Fully
Design and installation of 2 Notice Boards (100%) Notice boards developed and installed
, Fully
D5 Layman's report Preparation of a Layman's Report (100%) Document developed
D6 Film: virtual tour of  gjaporation of a Film (cirtual tour of the  Fully
the prototype prototype) (100%) Video developed and available
. . Fully
D7 Technical articles Publication of 3 technical articles (100%) Technical articles developed
First press release published with more
D8 Press releases than 30 different impacts.
Fully Second and third press released in 2017
Publication of 3 press releases (100%) with numerous impacts
D9 Events Fully Major Lo2X event scheduled and
Organization of one major event (100%) developed in June 2017
D10 Presentation to the Fully
relevant authorities Presentation to authorities (100%) Project presented to relevant authoritie
D11 Presentation to Fully
stakeholders Presentation to stakeholders (100%) Project presented to relevant stakeholders
General management. Elaboration of All General Management tasks have been
Management guidelines. Update of developed as scheduled. No main
E1 General Management workplace in website. Call and coordination problems have arosen. One Amendment to
of meetings. Administration of funds. Projedtully the Grant Agreement has been requested
audits. (100%) and accepted.
E2 P;OJeCt ma_nage;]ment Elaboration of reporting guidelines. All General Management tasks have been
an r_nomtonng the Monitoring of the project. Technical and  Fully developed as scheduled. No main
project progress Financial Reporting. (100%) problems have arosen.
Flowing communication with several
E3 Networking activities  Networking activities with other Life+ Fully projects maintained and meetings
projects. (100%) produced.

Results visibility

The results of a part of the actions carried ouy tp@ considered as visible, since the
progress in the building up activities led to pexgive changes on site, with more and
more elements received, installed, etc.(the picturigigure 16 shows a moment of this
visible works) and also other regarding the prqietpeing used in the start-up (B3) and
under operation (B4).

Also other results regarding other type of actismsh as dissemination are also visible.

The visibility of the results has been extendednfribe initial one due to the increase in

the size of the demonstrative plant. An smalletaifetion would have need not only less

space but also less auxiliary services and thuss te lay out adapttions, less

administrative steps, less amounts of feed to batdd and managed, etc. This way,
current LO2X demonstrative facility has involved maaollaborators and suppliers, so

that the visibitility of the project and its reslthas augmented. Also, as the
demonstrative character of the plant has beenamiedl to achieve sounder results, a real
interest of the stakeholders has been detectdgkimteractions, meetings and visits.

This way, the visibility of the results is expectedcontinue active beyond the end of the
LIFE Lo2X project itself. The consortium commitmeantcome to agreements for future
steps and the interest about the initiative froraess stakeholders points out this
framework for the near future.
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Amendment impact on results achieved

The new configuration of the Consortium approved thg Commission in first
amendment was proved not only as necessary asastrepleft the project but also as
effective, since the contribution of the new partd®BASER satisfied the expectations
and made interesting contributions to the progrefsshe project. In case the new
Consortium structure would not have been agreedl fehsibility of the project would
have been compromised and thus, the results obdtamé¢o the date would not have been
produced.

On the other hand, second amendment asking forxemson of 6 months has been
crucial to approach experimental activities copingh circumstances associated to
project development maintaining overall projectmgaargets and budget. In case of not
having this possibility, the scope and goals ofggfgect would have been affected.

Effectiveness of the dissemination and major drawleks

Dissemination actions made possible to receive aobmt from diverse profiles:
collaborators in other project, researchers, etw.dawbacks were detected up to the
date. Dissemination actions were revised, rededigmed rescheduled as well as a
consequence of the development of the project &edréquirement of fitting the
technical actions to get the final goals.

5.4 Analysis of long-term benefits
1. Environmental benefits:

a) Direct/ quantitative environmental benefits:

The LIFE LO2X project deals on the demonstratiore¥ironmental and socio-economical
benefits of the application the supercritical wabsiidation technology as a synergic co-
treatment of sewage sludge and wastes. The maie taskled in this project is water quality
through the links between wastewater treatmentagevsludge management and pollution
derived from sludge application (organics, nitraa@sl phosphorous) and the water energy-
nexus. The LIFE LO2X concept is addressed to converter WWPs into resource
factories.

The project has involved the design, constructiod aperation of a prototype at

demonstration scale. The prototype is preparecetd tip to 1 Tn dm/day of sewage sludge in
combination with other wastes (co-oxidation) cakec from the surrounding area of the
Paterna WWTP (Valencia, Spain). Data to be colteétem the experimental trials at this

demonstrative scale are representative and usefelvaluate the industrial scaling of this
technology.

The LIFE LO2X has aimed to reach a reduction inlglumanagement costs (investment plus
operational cost per dry matter treated) in congoariwith current scenario of treatment.
Besides, conventional treatments for toxic and demgs wastes are neither well established
nor well controlled in current WWTPs, and the eamimental pollution is transferred to soil,
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air or groundwater prior to be completely removEde LIFE LO2X allows total oxidation of
organic wastes such as pesticides and leachatesamibieous and liquors organic wastes.

The main benefits of LIFE LO2X are related withaesce efficiency (P recovery), energy
efficiency (positive energy balance), pollution wetilon (N and organic substances), and
waste and sludge reduction (disposal, treatment).

The following results were achieved during the expental campaign of the LIFE Lo2x
project:

*  99% elimination of orgnic matteThe COD of SCWcO effluent is in average lower
than 200 mgO2/L, reaching values even lower thamg6ey/L.

 100% elimination of pesticidedmazalil is degraded through SCWcO up to 350
mg/kg, four orders of magnitude higher than the ceotration removed by
anaerobic digestion.

* 100% elimination of pathogens. Escherichia gcdBlostridum perfringensand
Salmonella sppare completely eliminated. SCWcO leads to comdtslization.

« >85% heavy metals are recaptured for safe handliHgavy metals are mainly
detected in inorganic solid fraction of the SCWdtuent.

* Recovery of nutrientsMineralization of nitrogen and phosphorus faciegtthe
nutrient recovery in order to be used as buildihgcks of fertilizers. Nitrogen
occurs in the liquid phase (NH2 g/L) while phosphorus is present in the inorgani
solid fraction of the SCWcO effluent{85~25%).

* No highly harmful gases are producedO, is the main gas generated by SCWcO.
Typical undesired gaseous products from the condyuptocesses as NOx and SOx
are not produced.

* 98% reduction of sewage sludge leaving WWT@&tal solid reduction higher than
90%. The inorganic solid fraction from SCWcO is esaurce for phosphorous
industry whereas wastes from anaerobic digestionend up in the landfills.

 Zero heat consumptionThe heat produced by the oxidation under supezatiti
conditions (highly exothermic reaction) makes pumgpio be the only significant
energy-consuming stepd., 1 kWh/kg dm) through SCWcO.

 >10% reduction in sludge treatment costhe gate fee thanks to co-substrate
treatment by SCWcO allows reducing the cost of gdutleatment below the cost of
anaerobic digestion.

b) Relevance for environmentally issues or poli®aa:

Water quality remains an issue across Europe, with implicatidos public and

environmental heath and biodiversity. Pollutiondgss nutrients, pesticides, toxic substances,
waste discharges, etc.) is stiltap priority and a concern for all water users and the need to
supply clean water in sufficient quantity for useaaeasonable cost remains a challenge EU
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wide. According to thé&uropean Innovation Partnership (EIP) on water in 220 Europe
must have safe, available and affordable waterlgupd wastewater treatment for all water
in place, based on sustainable management of ther wasources and most innovative,
competitive and cost effective solutions.

On the other handsludge managemenhas become one of the most critical issues for the
wastewater industry worldwide, due to the very fastease in sludge production resulting
from increasing numbers of new wastewater treatrplmtts, more inhabitants connected to
existing sewerage systems and upgrading of exidtedities to meet stricter discharge
criteria. It must also be stressed how importams fior the competitiveness of Europe, that
such problem can be solved with a permanent conoérall stakeholders (regulators
included) to optimize solutions’ cost-effectivenest¥hat does not mean lowering
environmental or public health standards. It mganoger risk identification and assessment,
definition of best technologies and practices, dedelopment of tools and technologies to
keep costs as low as possible. The project’s abgscfit the needs set in the baseline scenario
resulting from the assessments on sewage sludgegearent carried out by the DG
Environment of the European Commission in the mscengaged for the revision of
Directive 86/278/CEE, on application of sewage gtdn agriculture. The technology
proposed might overcome some of the risks and tainges considered in such a survey due
to the total oxidation nature of the process predos

LIFE LO2X is coherent with th®oadmap to a Resource Efficient Europeegarding the
objective of turning waste into a resource It is coherent with the priority “urban
environment” as the project objectives are speaciaiherent with the priorities set by The
European Water Technology Platform (WssTP) in thet&gic Research Agenda (2010)
where “Sustainable water management inside anchdrlange urban areas” is identified as a
major European water problem. In relation to tssue among 5 key topics for the future of
urban areas, topic 5 relates to “Sustainable Sludigeagement in Urban areas”. It is also in
line with “waste priority” regarding waste minimigan and the restrictions set by the Landfill
Directive on sludge final disposal in the near fatu

The mainEuropean legislation in connection with the LIFE LQO2X project is:
- Directive 2000/60/EC, Water Framework Directive.
- Directive 86/278/CEE, application of sewage slumhgagriculture.
- Directive 91/271/EEC, concerning urban waste wiieatment.
- Directive 91/676/CEE, water protection againstatés pollution from agriculture.
- Directive 99/31/CE, landfill of waste.
- Directive 2006/12/CE, wastes.
2. Long-term benefits and sustainability:

It has been estimated the value that will be addem 10-year time horizont according to the
data obtained along the LIFE LO2X project (Deliv#eaD.C.1.2) and two different future
scenarios, which have been compared with the lbeseli
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 BASELINE:The technology to treat sewage sludge in the Pate&vWTP remains
anaerobic digestion. The biological process wdatr20 Tn dm in 10 years.

» AD+SCWcO MODULEMixed sewage sludge generated in the Paterna WWIITP
be treat by both technologies. Anaerobic digestiolh treat 18 Tn dm of sewage
sludge whereas a new SCWcO module will treat 2mn d

* SCWcO PLANTA new plant of SCWcO will be built in the PateM@NTP. This
plant will be capatable to treat the enterity olvage sluge generated by Paterna
WWTP.

a) Long-term/ qualitative environmental benefits:

The project may be considered an adaptation me#&sudsffuse pollution source control as
will reduce pollution of water bodies with nutrientausing eutrophication from sludge,
raw/digested manure application in agriculture gayigeaching of nitrates and phosphorous
run off. It also contributes to reduce pollutioorfr leachates and pesticides. The LIFE LO2X
project considers the interlinked nature of watallenges, particularly, the water and energy
nexus. The system proposed is energy producereualikent sludge treatments.

A list of estimated long term benefits, that dependhe two scenarios, is shown as follows:
« Treatment of dangerous wastes such as drencheswatst from 0.3 to 2.8 Hin
* Reduction of nutrient: NKH from 18 to 193 Tn and P from 6 to 62 Tn.
* Reduction of COD from 409 to 4,472 Tn.
* Reduction of pesticides from 3 to 3 Tn.
* Reduction of pathogens from 226 to 282 ufc.
* Reduction of total solids from 35 to 378 Tn andsaduently, 226 to 282 lorries.
* Inertization of heavy metals from 213 to 2,342 Tn.
« Water recovery increased from 1.4 to 15Hm
* Low air emissions.

b) Long-term/ qualitative economic benefits:

At general level, the development of the technolpggposed in LIFE+ LO2X with the
participation of Valencian companies located in thea should help in promoting
environmental services and technology with a brnoedket, so high qualified employment
should be promoted in the near future.

More specifically, the SCWcO technology offers ke tcompanies in charge of WWTP’s
management, represented by IVEM in the LIFE+ Lo@rsortium, the following technical
and economical advantages (figures estimated wstrias of hypothesis from Lo2x results):
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* Reduction of the economical costs of investment @meration for new and existing
WWTP’s which have consider changing the currentdgdumanagement: from
current WWTP to SCWcO-WWTP. Savings in running agstto 625,000 € and in
total cost up to 400,000 €, depending on the saznar

» Treatment and valorisation in situ of a higher nembf wastes: fat and oils from
other WWTP units and from other wastes considessdudstrate and co-substrate.
Treatment of dangerous and toxic wastes,( drencher wastewater) from 0.3 to
2.8 Hn?.

* Reduction of quantities of sludge to manage and tesociated economical costs
from 226 to 282 lorries.

* Nutrients recovery which could be put into the nedrlas alternative to mineral
fertilizers from 182 to close to 2,000 Tn of P festdck.

« WWTP’s offers a treatment of complete mineraligafar hazardous pollutants.

c) Long-term/ qualitative social benefits:

The implementation actions of the project are ia tity of Paterna (Metropolitan area of
Valencia City, capital of the Valencian Region).€T$ludge generated in this plant will be the
main input to the new system. Also, other wastes tbludge will be collected within the
municipality of Paterna or from the surroundingstlim the province of Valencia), linking
economic growth and environmental technologies.

The economy of Paterna, in the last decades, hasdfoom being a town almost exclusively
dedicated to agriculture into an important inda$tend services center. This is the fate of
most of the cities in the Metropolitan area of \vai@. Regarding the rest of the Valencian
province intensive agriculture (mainly orange cropghe coastal areas) and food processing
industry are still important. In this line, watdress in the region of Valencia is high. Water is
a scarce resource but intensive agriculture ancdggiomerations demands are high. Current
socioeconomic scenario has lead to pollution ofilding water with nitrates and pesticides
from intensive agriculture, food processing indigstrand high wastewater treatments plants
to allow for tourism, (indeed population more titoruble during the summer season).

This technology should help in the way of such bjective in relation to public health and
environmental problems of the Valencian Region.

Moreover, from 4 to 7 direct high qualificated ewmphent may be generated depending on
the scenario (additional indirect employpment maylbrived).

d) Continuation of the project actions:

The demonstration character of the Lo2x projecit$sif is useful to promote the technology
and to arouse interest in the continuation of tlegept actions related with technical aspects,
in terms of more possible applications for wasteattnent and resource recovery. Indeed, the
continuation of the technical project actions Wil take into account the application of LO2X
technology for other kinds of substrates, suchrgaroc wastes from agri-food sectors not
included in LIFE+ Lo2x, and hazardous materialsmfrother chemical sectors such as
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Pharmaceuticals and Personal Care Products (PGi*goVer, specific research projects will
be possible to address in order to obtain moresgpdietails of yields, P recovery and energy
balances, using wide variety of co-substrates dndge from others WWTP’s of small,
medium and large scale.

On the other hand, several actors, who are invoindtle LIFE+ Lo2x project, will have an
important role in the continuation of the projectians related with dissemination:

- Stakeholders:

As water is linked to so many sectors, a wide vYard stakeholders from many disciplines
have been involved in the project: Public authesitiWater treatment RTDs, Platforms,
Policy Makers, Industries, General public.

The involvement ofpublic authorities such asValencian Public Entity for wastewater
sanitation (EPSAR)is essential to support the development and coation of the project.
The EPSAR is in charge of the regional sewers systeanagement and they have direct
responsibilities in providing the enabling enviragmal for innovation, set rules for
procurements, and also they play an important iroldne implementation of water policies.
Implication of the EPSAR in the innovation processkey in order to boost the practical
adoption of new processes and exchange informatittnpolicy makers.

- Consortium:

The LIFE+ Lo2x project is performed through a crbssder collaborative project (Spanish
and Irish). AINIA technological centre with twenygars of experience in supercritical fluid
and environmental technologies, IMECAL specialistequipment construction, URBASER
(waste manager and sanitation engineering), IVE8paasible of the WWTP that will hold
the prototype and SCFI Irish specialist in supé&oai oxidation.

Finally, the dissemination activities: many aciest as workshops, publications and press
communications have been scheduled consideringrdiit target audiences bringing together
a wide range of stakeholders on the EU and intenmat levels. Also, these dissemination
activities will be done along project. Also, thehsdge www.lo2x.com is available as tool or
way to consult information related with the evabutiand results of the project.

3. Replicability, demonstration, transferability, cooperation:

The technology can later be easily replicated themtcountries in Europe where the
environmental problem tackled is common. As memtbhefore, EU policies are oriented to
abatement pollution in the best possible way: tgnwastes into resources.

One of the most important strength of the projedheir application and demonstration in the
medium size Paterna WWTP. The size and technolbgyeareference is representative of an
average recent installation so that results magasdly replicable in any location in Europe.
This new SCWO sludge treatment may be applied large number of similar municipal

waste treatment facilities, first of all in the ragal area but rapidly all over Spain and other
European regions. In addition to treatment of slufgm municipal sewage treatment, new
developed technology plant might be further appieedther highly pollutant residues such as

- . : <« M
Partners: _ ainia (co-ordinator) IME(';AL_S'cﬂ < www.lo2x.com 8e



Lo2x
@ Supercritical Water Co-Oxidation (SCWcO) Of Urban Sgavaludge And Wast@sFE+12 ENV/ES/00047 | prokect

industrial sludge, high-oil-loaded sludge, cuttioits, etc. These options may make already
potent market for this kind of plants even wider.

4. Best Practice lessons:

Running the SCWO pilot plant in a real context wBoadjusting and contextualizing all the
implementation phase to medium size Paterna WWT4, Ahis practice will allow obtaining
economic and environmental performance indicatbth® proposed system in parallel with
such indicators regarding the current managemenit r@urrent at plant+external
management) so that not only the feasibility of #&WcO is demonstrated but also in which
degree it excels current practice. This is a kegstjan regarding the broad implementation of
the system in the future as public bodies in chavfenvestments in new WWTP or
retrofitting of old WWTP will need clear indicators order to include this technology in
substitution of current consolidated technologies.

5. Innovation and demonstrative value:

The scope of this project involves a new altermathased in a treatment that excels all the
treatment steps carried out at a WWTP and the redtereatments till final disposal as a
whole and allows for the treatment of other orgaméstes in the same infrastructure. The
innovative nature of the LIFE LO2X project may bensidered under different points of
view:

Technological innovatian The technology background relies upon Superetiti¢vater
Oxidation of organic material. This technology il 80 available at commercial scale for the
environmental application considered in this prbje& prototype is being designed and
constructed.

Innovative processProcess limitations already identified have beskled by introducing
the synergistic effect of co-oxidation of differesg¢lected wastes. Such wastes cannot be
processed cost effectively separately but a propeing policy can do the work.

Innovative modelThe system changes the concept of the wastewatgment plant towards
a resource recovery plant.

6. Long term indicators of the project success:

The LIFE LO2X project has defined in action C twpes of indicators (deliverable D.C.1.1):
Environmental and socio-economic indicators.

a) Environmental specific indicators:

The group of indicators included in the deliveral®eC.1.1 is considered as short term
indicators, because they are directly linked witd €xpected results of the project in term of
LO2X performance and their comparison with baselfk& mentioned before, a list of these
indicators is included in deliverable D.C.1.1.

On the other hand, long term environmental indisatelated with the LO2X project are:
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* % of reduction of groundwater pollution as consegeeof nitrates discharge on
agricultural areas.

« 9% of utilisation as fertilisers of phosphate saksovery from wastes considered
in the project.

b) Socio-economic specific indicators:

This group of indicators is considered as both tshond long term indicators. A list of these
indicators is shown as follows:

1. Promotion of industrial diversification:

Short term indicator: Number of different providers for the LO2X progpe construction.
Long term indicator: Number of possible providers for the LO2X coustion.

2. High qualified employments:

Short term indicators:

- Number of high qualified employment generatedrayuthe whole project.
- Number of high qualified employment generatedading to the actions.
Long term indicator:

- Number of high qualified personal to work in th®@2X technology.

3. Reduction of public services, e.q. water sapitat

Short term indicators:

- Cost of sewage sludge final disposal (baselineQ2X process).

- Total cost of water sanitation without returndagested sludge dehydration.
- Cost of wastes treatment (baseline vs LO2X prces

Long term indicator:

- % of reduction costs by application of the LO2Xhnology.

4. Enhancement of productivity sectors:

Following indications from the EC in communicatiaf Ref. Ares (2014)3721154 -
10/11/2014, concrete and measurable indicatorsrderoto assess the “Enhancement of
productivity sectors” has been defined, as follows:
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Short term indicator:

- Number of companies from different productivity ®es interested to treat their wastes
by co-oxidation with sewage sludge in LO2X techgglo(Feedback from ainia’s
associates; local companies;...).

- Cost saving (%) in the treatment of wastes frondpotivity sectors in comparison with
current treatment or disposal.

Long term indicator:

- Number of water and waste management companiesesteéel in LO2X technology
(Feedback from contacts established with localemati-international
authorities/companies; ...).

5. Compliance legal environmental and safety remoénts:

Short term indicator: Number of licenses accomplished.
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6. Annexes

6.1 Technical annexes

6.1.1 - List of keywords and abbreviations used

P: Phosphorus

N: Nitrogen

COD: Chemical Oxygen Demand
EPSAR: water local authority

SCWO: supercritical water oxidation
SCWCcO: supercritical water co-oxidation
DCP: Dissemination and Communication Plan
TM: Metric tonne

DM: Dry matter

EIP: European Innovation Partnership
CO: Project coordinator

SC: Steering Committee

TC: Technical Committee

PID: Piping and Instrumentation Diagram
PFD: Process flowsheet Diagram
HAZOP: Hazard Analysis and Operability
LCA: Life-cycle assessment

DOE: design of experiments

CIP: Clean in Place

WWTP: Wastewater Treatment Plants
WssTP European Water Technology Platform
PCB: Polychlorinated biphenyl

SCADA: Supervisory Control And Data Acquisition

Partners: Ma‘l,':"a (co-ordinator) IMECALJ.CF[ ‘bA

www.lo2x.com
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6.1.2 - Technical reports and deliverables

Name of the deliverable

Submitted with

D. D.4. Film: virtual tour of the prototype.

ProgseReport

D.B3.2: “Certification of the demonstrative pladb¢uments)”

Progress Report

D.B3.1: “Handbook of the demonstrative pilot planticluding the
information of the general preventive and mainteeaguidelines
prepared.

Progress Report

D.E.3. Minutes from each meeting

Final Report

D.E.1. Consortium Agreement

Inception Report

D.E.2. Management guidelines

Inception Report

D.D.13. Report on networking activities

Final Reppor

D.C1.2: “Environmental and socioeconomic impaceassient report”

Final Report

D.C1.1: “List of specific indicators”: specific inzhtors selected for the
environmental and socioeconomic assessment ofrtiecp actions

Inception Report

the construction of the plant”

D. A.1.2. “Basic Engineering project & Estimatedgram of the tasks f(inception Report

D. A.1 Preparatory activities report: - “List offeatial substances
considered to be oxidized - “Data sheet of setbcbsubstrates” -
“Design of the preliminary tests”

Inception Report

D. B.2.2. “Demonstrative plant physically consted{prototype)”

Progress Report

D. B.2.1. “Main units data sheets; special elemésitsbuilding plans for

control loops and alarms”

the assembly of the main units; document with nsaiitware instructions:

Mid-term Report

D. D.2. Project website and workplace

Inception®ep

D.D.5. Other project materials: notice board, &&ticand press.

Final Report

D. D.3. Project leaflet

Inception Report

D. B.1. Detail engineering project with: ProcesswDiagram, List of
equipments, List of streams, pipes and instrumemabData sheets:
equipments, pipes, instruments and layout.

Mid-term Report

D. D.3. Layman’s report

Final Report

SCWO variables and phosphorus recovery and cooclsisif the
corrosion assessment study and the mass and dredegces”

D. B.4.2. “Summary of the results of the tests @anked to assess the mFinal Report

D.B4.1: “Experimental design specifications to assthie SCWO proces
(document)”

Brogress Report

D.E.5. Internal progress reports

Final Report

Partners:

. 2inia (eo-ordinaton) IMEGAL S ff €3
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