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Dearfriendsandcolleagues,

| am pleased to invite you to thd™ International Conference on Sustainable Chemical and
Environmental Engineering (SUSTENG 20B8)ween1stto 4" September 2025.

Theconferenceasorganizedoy the "Designof EnvironmentaProcessetaboratory” of the Schoobf
Chemicabnd EnvironmentaEngineeringTechnicalUniversityof Creteandthe CyprudUniversityof
Technology.

TheSUSTEN@025Conferencewill take placeboth with physicalandvirtual presence.

Theconferenceaimsto encouragehe exchangef knowledgebetweenacademiciansscientistsand
engineers on hot issues and current developments in chemical and environmental engineering
through sustainable perspective. The participants will have the opportunity to present their recent
research findings on an extended spectrum of conference $opicd be informed about new
challenges, future trends, and technological innovations on sustainable processes following the
principles of circular economy.

After the completion of the conference, all abstracts/full papers will be published IIBtH8TENG
2025Conference Proceedinggth ISBN number, while selected manuscripts will be published to at
least one Special Issues at high IF scientific journals.

TheconferenceChair

PetrosGikas

Professor

Headof the "Designof EnvironmentaProcessekab"
School of Chemical and Environmental Engineering

TechnicalUniversityof Crete,Greece
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SESSIONSFSUSTEN@025

Sessioril: Biochemicakngineeringand greenchemistry

Session 2: Valorization of food waste

SessiorB: Wastewatermanagement

Sessior: Solidwaste managementand greenhousegasmonitoring
Session 5: Modeling and optimization in energy and environment
Session 6: Circular economy in waste management

Sessiorv: Sustainableagricultureand waste management

Session 8: Sustainable water management and reuse

Sessior: Biosolidsmanagementand valorization

Session 10: Life cycle assessment
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Scientificcommittee:

AgbokaKomi,Universityof Lome,Togo
Akratos,ChristosDemocritusUniversityof Trace Greece

AndreopoulosAndreasNationalTechnicaUniversityof
Athens,Greece

Angeli,PanagiotaPJniversityCollege UK
ArampatzisGeorgiosTechnicalUniversityof Crete,Greece

Ashraf MuhammadArslan,GovernmenitCollegdJniversity
Faisalabad, Pakistan

AssogbadjoAchilleEphrem Universityof AbomeyCalavi,
Benin Azaizeh, Hassan,-Hai College, Israel
Boileau Herve,Universityof SavoiedMont-Blanc,France

Chan Theresd_ee, TheUniversityof the WestIndies,
Trinidadand Tobago

ChrysikopoulosConstantinosTechnicaUniversityof
Crete,Greece

Dach,JacekPoznarlUniversityof Life SciencesPoland

DermantasPimitrios,NationalTechnicaUniversityof
Athens,Greece

DiamantopoulosEvan,TechnicaUniversityof Crete,

Greece Diangelakis, Nikolaos, Technical University of
Crete, Greece Elhag, Mohamed, King Abdulaziz University,
Saudi Arabia Fountoulakis, Michael, University of the
Aegean, Greece Fragkou, Maria Christina, University of
Chile, Chile
GeorgiadisMichael,Aristotle Universityof Thessaloniki,
Greece Giannis, Apostolos, Technical University of Crete,
Greece

GikasPetros,TechnicaUniversityof Crete,

Greece Ginn, Timothy, Washington State

University, USA

GorgoglioneAngelaUniversidadielaw S LJ§ oUrugu@y =
Gregorio, Simona Di, University of Pisa, Italy

HatzikioseyianArtin, NationalTechnicaUniversityof
Athens,Greece

Insel,D N celstdhBulTechnicaUniversity Turkey

Janajreh, Isam, Khalifa University, UAE

4" International Conference on Sustainable Chemical and Environmental Engineering
B> 4" September 2@ Thessaloniki, Greece

JuchelkovaDagmar TechnicaUniversityof OstravaCzectRepublic
Juizo, Dinis, University of Eduardo Mondlane, Mozambique Kakai,

Romain_ucasGlele,Universityof AbomeyCalaviBenin

LoizidouMaria, NationalTechnicalUniversityof Athens,Greece

Lyberatos GerasimosNational TechnicalUniversityof Athens,
Greece

Mahdjoub, NoredineLoeid,Universityof KwaZuluNatal, South
Africa

Malamis,Simos National TechnicalUniversityof Athens,Greece
Mamais,Daniel,National TechnicalUniversityof Athens,Greece
Manariotis, loannis, University of Patras, Greece
MantzavinosDionissiosUniversityof Patras Greece
Melidis,Paraschod)emocritusUniversityof Thrace Greece

MoustakasKonstantinosNationalTechnicaUniversityof
Athens, Greece

Nikolaidis, Nikolaos, Technical University of Crete, Greece
Ntougias, Spyridon, Democritus University of Thrace, Greece
QOdirile, Phillimon, University of Botswana, Botswana
PanagiotopoulouParaskeviT echnicaUniversityof Crete,Greece
Papadakis, Antonios, Region of Crete, Greece
PapadakisGeorgiosAgriculturalUniversityof Athens,Greece
Papageorgiou, Lazaros, University College, UK Papapolymerou,
George, University of Thessaly, Greece
Paranychianakigyikolaos,TechnicaUniversityof Crete Greece
Pistikopoulos, Stratos, Texas A&M University, USA
PochwatkaPartycjaUniversityof Life Scienceé Lublin,Poland

RakotondramiaranaileryTianaUniversityof Antananarivo,
Madagascar

RanieriEzioUniversityof Bari,ltaly
RozakissStylianos;Technicalniversityof Crete,Greece
Sengor, Sema Sevinc, Middle East University, Turkey
Shaer, Mohamed El, Zagazig University, Egypt
StasinakisAthanasiosUniversityof the AegeanGreece
StefanakisAlexandrosTechnicalUniversityof Crete,Greece

TakavakoglowasileiosHellenicAgriculturalOrganization,
DEMETER, Greece

Tchobanoglousizeorge Universityof CaliforniaDavis USA
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Tejeda, Lesly, University of Cartagena, Colombia TorosyanGagik StateEngineerindJniversityof Armenia,

Tekerlekopoulou, Athanasia, University of Patras, Armenia

Greece Tiburue, Elvis, University of Ghana, Ghana Trois,Cristina,Universityof KwaZulu¢Natal, SouthAfrica

. . . . . Tsanis|oannis,TechnicaUniversityof Crete,Greece
Kalavrouziotis, loannis, Hellenic Open University, Greece

TsihrintzisVassiliosNationalTechnicalUniversityof Athens,

Kalogerakis, Nicolas, Technical University of Crete, Greece
Greece

Karatzas, George, Technical University of Crete, Greece TsoutsosTheocharisTechnicalUniversityof Crete,Greece

Kasiteropoulou, Dorothea, University of Thessaly, Greece
Katsaounis, Alexandrosnlersity of Patras, Greece

KiratzisNikolaos Universityof WesternMacedoniaGreece

KokosisAntonios,NationalTechnicalUniversityof Athens’GreeceVakaIisStergiosUniversityof the AegeanGreece

KolokotsapPionysiaTechnicaUniversityof Crete,Greece vamvoukaDespoinaTechnicaUniversityof Crete Greece

KomesliOkan I NJRIH 2IURNedsity, Turkey Vayenas, Dimitris, University of Patras, Greece

KomnitsasKonstantinosTechnicaUniversityof Crete,Greece Venieri,Danae Technicaniversityof Crete,Greece

Kornaros, Michael, University of Patras, Greece Vlysidis Anestis NationalTechnicalUniversityof Athens,Greece

Koutinas, Michalis, Cyprus University of Technology, Cyprus Voulgarakis, Apostolos, Technical University of Crete, Greece

Koutroulis, Aristeidis, Technical University of Crete, Greece Vyrides, loannis, Cyprus University of Technology, Cyprus

KumarManish Universityof PetroleumandEnergyStudiesindia Yentekakis, loannis, Technical University of Crete, Greece

KungolosAthanasiosAristotle Universityof ThessalonikiGreece Yi, Shan, University of Auckland, New Zealand

Kurniawan, Tonni Agustiono, Xiamen University, China ZhangRuihongUniversityof CaliforniaDavis USA

Kuroda, Keisuke, Toyama Prefectural University, Japan Zhou, Yaoyu, Hunan Agricultural University, China

KyzasGeorgelnternationalHellenicUniversity Greece Zhu,BaoningBeijingUniversityof ChemicalrechnologyChina

Lin, Justin Chufie, Feng Chia University, Taiwan Zhuang, WeQin, University of Auckland, New Zealand

Livingstone, Andrew, Queens Mary University, UK Zouboulis AnastasiosAristotle Universityof ThessalonikiGreece
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DAY1 ¢ Monday 1 Septembel| Susteng2025
Aristotle UniversityResearciDisseminatiorCenter(KEDEA)
Registration 14:00- 16:00
Sessioril: Biochemicakngineeringand greenchemistry 16:00 - 18:00
WelcomeSpeeches
Stavros Kalafatid/ice Minister of Development

KonstantinosGioutikasViceGovernorof Thessaloniki

Stelios Angeloudidviayor of Thessaloniki

Dimitris Aslanidis,Mayor of the Municipality of PavlosMelas
KyriakosAnastasiadisRectorof the Aristotle Universityof Thessaloniki
Michael ZervakisRector of the Technical University of Crete

George SavaidisDean of the Faculty of Engineering, Aristotle | 18:00-18:30
University of Thessaloniki

VasileiosZaspalisSchoolf ChemicaEngineeringAristotle Universityof
Thessaloniki

Aris GorogiasPresident at Hellenic Association of Chemical Engineer,

Michael GeranisPresidentof the RegionalAssociationof Solid Waste
ManagementAgencieof CentralMacedonia

Yiannis Tsouloftag’residentof the LocalGovernmentOrganization of
Limassol District, Cyprus

PLENARKYECTURE: Profes$®etrosGikas 18:30-19:15

Welcomereception 19:30-22:00

DAY2 ¢ Tuesday? Septembel| Susteng2025
Aristotle UniversityResearciDisseminatiorCenter(KEDEA)

Sessior?: Valorizationof food waste 09:30- 10:45
Coffeebreak- Postersviewing 10:45-11:00
SessiorB8: Wastewatermanagement 11:00-12:30
PLENARNECTURE: Profesddi odfisél 12:30- 13:15
Lunchbreak 13:15-14:45
Sessiont: Solidwaste managementand greenhousegasmonitoring 14:45-16:30

PLENARKECTURProfessorParaschoMelidis 16:30-17:15

Sessiorb: Modelingand optimization in energyand environment 17:15-19:00
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Galadinner 20:30-23:00

DAY3 ¢ Wednesday3 Septembel] Susteng2025
Aristotle UniversityResearciDisseminatiorCenter(KEDEA)

Sessiort: Circulareconomyin waste management 09:30- 10:45
Coffeebreak- Postersviewing 10:45-11:00
Sessior/: Sustainableagricultureand waste management 11:45-13:15
Lunchbreak 13:15- 14:45
PLENARYECTURIProfessorKonstantinosKakosimos 14:45-15:30
SessiorB: Sustainablevater managementand reuse 15:30- 16:15
Sessiord: Biosolidsmanagementand valorization 16:15-18:30
Sessiorl0: Lifecycleassessment 18:30- 19:15
Closingceremony 19:15-19:45

Conferencee=xcursionat the capital of ancientMacedoniaAegae,n
Vergina,andthe graveof Philipll, father of Alexanderthe Great,and 09:00-17:00
the Byzantine town of Veria
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W ENG PROGRAMME
2025

DAY1 ¢ Monday 1 Septembel| Susteng2025

Aristotle UniversityResearciDisseminatiorCenter(KEDEA)
Registration 14:00- 16:00
Sessioril: Biochemicakngineeringand greenchemistry
Chair:Emine4 2 | MaiBHajZaroubi
Anaerobicproduction of biosurfactantsfrom contaminatedsoils:
a waste valorization approach to soil remediation 16:00- 16:15
M. Puddu,G.Beretta,S.Saponarand E.Sezenna
Carbondioxide capturefrom actualindustrial flue gasusing
microalgae 16:15- 16:30
G.Makaroglou P.Gikas
Fromlab to pilot scaleMicroalgaebasedPhotobioreactors:
statistical optimization of 3" generationbiofuel production 16:30- 16:45
A.PavlouG.Penloglouand C.Kiparissides
Willow (salixacmophyllaboiss) Leafand BranchExtractsInhibit in
vitro Sporulation of Coccidia (Eimeria spp.) fro@oats 16:45-17:00
M. HajZaroubiN.Mattar, S.Awabdeh R.SweidanA.Markovics J.
D.Kleinand H.Azaizeh
Optimization of highadded value terpenes recovery from
geneticallyengineeredSaccharomyceserevisiaeand Yarrowia
lipolytica strains 17:00-17:15
A.MoschonaC.GerasiM. Moumin, F.TsakiroglouA.
AssimopoulowandS.1.Patsios
Valorization of InvasivéMacroalgae (Asparagopsis armata and
Sargassum spp.) as Sources of Immiréhancing Aquafeed
Ingredients:Recoveryand In-Vitro FishDigestibility Assessmen
S.PapadakiC.Stergiopoulos N. Trichaand M. Krokida
Lifecycleassessmenof systemsexploiting microalgaefor the
wastewater treatment 17:30-17:45
G.Dolci,M.J.F.ANichilo,M. GrossoandL.Rigamonti

16:00-18:00

17:15-17:30
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Efficient mechanochemical synthesis of conjugated porous
(macro)moleculesia multiple Sonogashir&ouplingsandtheir
energy storage application

R.S.Rao, AShunnar, BRirzada, EOueis A.B.Lowe and].Shaya
WelcomeSpeeches

Stavros Kalafatid/ice Minister of Development

17:45-18:00

KonstantinosGioutikasViceGovernorof Thessaloniki
Stelios Angeloudidviayor of Thessaloniki
Dimitris Aslanidis,Mayor of the Municipality of PavlosMelas

Kyriakos AnastasiadisRector of the Aristotle University of
Thessaloniki

Michael ZervakisRector of the Technical University of Crete

George SavaidisDean of the Faculty of Engineering,Aristotle | 18:00- 18:30
Universityof Thessaloniki

Vasileios ZaspalisSchool of Chemical Engineering, Aristotle
University of Thessaloniki

Aris GorogiasPresident at Hellenic Association of Chemical
Engineers

Michael GeranisPresident of the RegionalAssociationof Solid
Waste Management Agencies of Central Macedonia

YiannisTsouloftasPresidentof the LocalGovernment
Organization of Limassol District, Cyprus
PLENARVYECTURProfessorPetrosGikas

EnergySelfSustainabléeNastewaterTreatmentPlants 18:30-19:15
/| K ANY¥ DNeef N LyasStsz wkOS] 51t

Welcomereception Aristotle UniversityResearciissemination 19:30- 22:00
Center(KEDEA)

DAY2 ¢ Tuesday? Septembel Susteng2025
Aristotle UniversityResearclDisseminatiorCenter(KEDEA)

Sessior: Valorizationof food waste

Chair:Caro DarioEmine4 2 1 31 NJ 09:30-10:45
Comparinghe carbonfootprint of traditional beefburgerwith

burgers fortified with by-products 09:30- 09:45
D.Caro

Sustainablevalorizationof seafoodwaste: enzymebasedchitin

extraction as an alternative to chemical processes 09:45-10:00

I. Kan,A.Morales, LSilleroand X.Erdocia

PomegranatePeelBioplastic: TransformingFoodWasteinto Ecc
Friendly Materials for Product Design 10:00-10:15
L.Mailat, Delia APrisecaru




4

(!> gﬁfg 4" International Conference on Sustainable Chemical and Environmental Engineering
2025 > 4" September 2@ Thessaloniki, Greece

Valorisationof watermelon peelinto an adsorbentfor removal of
hexavalent chromium 10:15-10:30
MangwandiChiranganoGartlanCiarankKhongJustin

Integrated Approach for Sustainable Protein Production: Utilizi
Agricultural Waste for Black Soldier Fly Rearing and F

Applications 10:30-10:45
A.Jonaslevi,l. OpatovskyA. Hurvitz,A. SalomonR.Gutman,R.
Sivan
Coffeebreak- Postersviewing 10:45- 11:00
Sessior8: Wastewatermanagement

_ R L NN 11:00-12:30
Chair:Paraschoss St A RA aDkdenDNGJ Sy
r A O NRtiedtraht bf ANMBREffluent: alow-energyapproach
to nutrient reduction 11:00-11-15

E.Politou,A. Makri, D.Matziri, N.RemmassS. NtougiasndP.
Melidis

Circulareconomystrategyin wastewatertreatment: the example
of Limassol district local government organisation sewage
treatment plant in Moni, Cyprus 11:15-11:30
Y.TsouloftasS.Metaxas,M. Vrionides P.Marti, V. Konstantinides
and G Panayiotou

Integratinggreywatertreatment andgreen¥ | ceérétatonusing
vertical flow constructed wetlands 11:30- 11:45
E.Stefanatouand M.S.Fountoulakis

An Appraisalfor a SustainableProcesdesignand Operationfor
Leachate Treatment

D.GuvenE.4 2 { 3| NM&ngirD (b 9BEXBYAG.OzyildizD. Soylu,
|. TakacsG.Insel,S{ | T &yxOrhon

Removalof non-steroidal anti-inflammatory micropollutantsand
nitrification in hybrid systems operating at low sludge age
D.Soylu B.CiftciogluGozuacik, ¥WilmazG.E.Zenginl RalaOzkok,
E.Topuz,G.OzyildizD.GuvenG.InselandE.4 2 1 31 NJ

Quantitative Evaluation of Nitrification Inhibition in Petrochemical
Wastewater

AT.Cetinkaya, P. Eryavuz,I6] @ A f RA T S AranpDND B FE | 12:15- 12:30
Insel

11:45-12:00

12:00-12:15

PLENARYECTURE:NR ¥ S 3 alassl) DNoef N

Novelhybrid nutrient removal processor advancednutrient 12:30-13:15

removal: experimental based process development
Chair:Paraschodelidis, PetrosGikas
Lunchbreak 13:15-14:45

10
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Sessiord: Solidwaste managementand greenhousegas
monitoring 14:45-16:30
Chair:Francesc#/illa,D N odfisé

Dewateringof landfill leachateby combinedflocculationwith
geotextile filtration 14:45- 15:00
B.KayaS.Dogruel,V.OztugandE.4 2 1 3| NJ

Air Quality Assessmenin the Municipality of PavlosMelas,

Thessaloniki 15:00- 15:15
S.Cheristanidisk.Pitsalidisand D. Melas
¢tKS tNROfSY ¢NBSY | a0GN)GS3aA

appliedto the assessmenbf operationaland designissuesof a
solid waste treatment facility in Lebanon
F.Villa,A.DeRobertisand M. Grosso

Managementof householdhazardouswvaste: surveyand
comparative analysis 15:30- 15:45
M. Markantoni, T.Darasand A. Giannis
TernaryDeepEutecticSolventMediated Leachingf Valuable
Metals from Waste Printed Circuit Boards

A.AlaydaroosN. Chola,S.StephenG.ELuckachanG.Xavier M.
Elkadi,E.AINashefM. AbiJaoude

Comparisorof sourceand site level methaneemissions
measurements at gas installations 16:00- 16:15
N. Tsochatzidis

15:15-15:30

15:45-16:00

Preliminary investigation of removal of pharmaceuticals from
agueoussolutionsby potato peelbasedbiocharsproducedfrom
hydrothermal conversion and pyrolysis: a comparative study
J.Khongand C.Mangwandi
PLENARIKYECTURIProfessorParaschodMelidis
AnaerobicMembraneBioreactorsfor SustainableMunicipal

16:15-16:30

16:30-17:15
Wastewater Treatment

Chair:PetrosGikas,JacekDach

Session 5Modeling and optimization in energyand environment
Chair:ThomasThomaidis,VassilisCharitopoulos

An optimisation approachtowards the integration of hydrogenin
heat and power decarbonization
M.E.EfthymiadouV.M.Charitopoulosand L.G Papageorgiou
Decipheringhe impactof ! L édérgydemandon 9 dzNP Gi&el :
Deal 17:30-17:45
M. Hemmati,V.M Charitopoulos

17:15-19:00

17:15-17:30

11



Assessmenof water-energy-food-ecosystermexusof sakarya
river basin
S.YaykiramndA. Ekdal

17:45-18:00

1y U S 3 udtainabilitdinto decisionsupportfor the transition
to resilient business models
I. Mavrogiannis

18:00-18:15

Development of a decision support system for shallow lakes
underthe impactof eutrophication and climate changeandits
application to a hypertrophic lake

A.EkdalM. D N NG GukevinandA.9 NI N NJ

18:15-18:30

Comparative Assessment of Alternative Waste Management
Scenariogor Mixed Municipal SolidWaste:Casestudy of Cyprus
S.Mai, E.M.BarampoutiD.Malamis,K.Moustakasand M. Loizidou

18:30-18:45

PolicyPathwaysfor Marine Litter Preventionand Control: Insights
from the SeaClear2.0 Project
D.Orthodoxou,X.Loizidou

18:45-19:00

Galadinner

20:30-23:00

DAY3 ¢ Wednesday3 Septembel] Susteng2025

Aristotle UniversityResearcltDisseminatiorCenter(KEDEA)

Sessiort: Circulareconomyin waste management
Chair:Fabiol S NJ/ t -Ram&JAbeerAlbalawneh

09:30- 10:45

Deepeutecticsolventsand microwaveheatingfor efficient
oligosaccharide recovery from apple tree pruning waste
L.Sillero,J.Labidiand A.Morales

09:30- 09:45

FromWasteto Value:Pilot-ScaleEVBattery Recyclingn Armenia
H.AkarmazyanG.Vardanyany.Marukhyan A. Tadevosyan

09:45-10:00

Metal leachingfrom e-waste usingphosphoniumbased
hydrophobic deep eutectic solvent

N.M. Chola,S.StephenG.E.LuckachanG.Xavier M. Elkadi,.
AlnashefM. AbiJaoude

10:00- 10:15

Sustainable Consumption Principles of the Circular Econo
Consumer Preferences and Willingness to Pay for Electric Ve
(EV) Purchase Options: A Study in Klang Valley, Malaysia
F.ShahudinR.Ya'cobL.YiyangG.Zihan

10:15-10:30

Fromurban pruningto sustainablefilms: unlockingthe value of
tree residues

Arce, X.Erdocia, LSillero

F.I S NY t-RaR&A. Morales,P.deHoyosa | NIi Ny S NE |

10:30-10:45

Coffeebreak- Postersviewing

10:45-11:00

4™ International Conference on Sustainable Chemical and Environmental Engineering
B> 4" September 2@ Thessaloniki, Greece

12
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PLENARKECTURProfessorlJacekDach

Biogasand biomethaneasa key element of the circulareconomy 11:00- 11-45

and carbon footprint reduction in the products
Chair:KonstantinosKkakosimospPetrosGikas

Sessior?: Sustainableagricultureand waste management
Chair:PatrycjaPochwatka,KonstantinosT samoutsoglou

11:45-13:15

Traditional and Indigenous Knowledge and Conservation
Pra_lcticesof Fores_thodSpecieSn GuineanForestsof West 11:45-12:00
Africa (GFWA) Biodiversity Hotspot

A.n Assogbadjoi.Avakoudjo

g LJG A Y Adf midiolvavgassisteddelignificationof appletree
pruning using deep eutectic solvents 12:00-12:15
A.Morales,X.ErdociaJ.Labidi,L.Sillero

Applicationof remote sensingechnologiesfor sustainableforest
fire monitoring and management 12:15-12:30
A.Dudnyk,0.OpryshkoK.Witaszek

Scalabledeploymentof 0T systemsfor sustainableprecision
olive farming in Laconia, greece 12:30- 12:45
G.Panagopouloul, Moutsinas,T. Theodosiadis

The application of Revised Theory of Planned Behaviour (RTP
modelto assesshe O A (i Adkttifdesiafdintentions towardse- | 12:45-13:00
waste management in the circular economy.

F.ShahudinR.Ya'cobL.YiyangG.Zihan

Microplasticsan emergingenvironmentalpollutant in agriculture:
interaction between microplastics and soil humic substances o
an agricultural crop 13:00- 13:15
M. Dimitropoulou,A. loannidi,l. ZafeiropoulosK.BourikasM.
PapadakiE.Giannakopoulos

Lunchbreak 13:15- 14:45
PLENARVKECTURIProfessorKonstantinosKkakosimos
Frombenchto module scalehydrogenproduction via artificial

14:45-15:30

and natural light water splitting
Chair:PetrosGikas,Paraschodvielidis

SessiorB: Sustainablevater managementand reuse 15:30- 16:15
Chair:KupryaniukKarol, JakubKostecki ' '

BeyondNegativeEnvironmentalResultsTheCriticalRoleof Risk
Assessment in Legionella Control

A.PapadakisA. RoditakisP.Manetakis N. Gikas E.KoufakisK.
Tsamoutsoglow?.Gikas

15:30-15:45

13
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Modification of membranes by using the layer by layer
technologyfor the removalof Cr(VI)anionsfrom groundwaters 15:45-16:00
N. Malouchi

Sensorsselectionfor real-time recoveryof textile dyeing
wastewater 16:00-16:15
R.Partal,S.Murat HocaogluM. Kitis,E.Ozturk,E.Simsekred
Sessiord: Biosolidsmanagementand valorization
Chair:PatrycjaPochwatka,JacekDach

Conversiomof sewagesludgeto lipids for biofuels

A.JonasLevi, Y.GerchmanH. Azaizeh
Quantifyingeuropeanbiomassflows and certifying residual
biomass valorization: a case from the region of central
Macedonia, Greece

A.Karanasiou$S.SkoutidaM. BatsioulaG.BaniasS.Patsios

The role of demaneriven biogas plants in Europe's energy
transition: potential for energysystemstability andintegration
with other RES

A. dz]l 2 YJDach x

Therole of animalbiomassin the biogassectorin Poland:current
status and potential 17:15- 17:30
P.PochwatkaA. KowalczyRWdzi | MaZur, W | S 1 IDach X
Influenceof the type of straw on the intensity of sewagesludge

16:15- 18:30

16:30-16:45

16:45- 17:00

17:00- 17:15

composting _ _
W.Bojarskiw./ T S {M. Ridwak,P.{ 2 O 2 & Kurgamiuk,). 17:30- 17:45
Dach

Spraymode and precursormolarity askey parametersin solution

spray pyrolysis of oxygen electrodes for low temperature

reversible solid oxide cells (socs) 17:45-18:00
A.Kotsiolis E.Roditis,C.ZiaziasN. Nikiforidis,A. Krestou,N.

Kiratzis

Optimizing drying kinetics and calorific value assessmentof
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Anaerobicproduction of biosurfactants from contaminated soils
a waste valorization approach to soil remediation
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Introduction

Microorganisms capable of degrading hydrocarbons are often producers of biosurfactants (BSs) and
bioemulsifiers (BEs), which increase the bioavailability of hydrophobic organic pollutants and enhance their
biodegradation. Leveraging this natural metabgkesatility, particularly in hydrocarbecontaminated soils,
offers promising opportunities for the development of sustainable remediation strategies.

This study explored the potential of stimulating the indigenous microbial community in real contaminated
soils to produce BSs and BEs undeaerobicconditions, using loveost, food and agriculturaderived
carbon sources. A circular economy perspective underpins this approach, which aims to valorize waste
materials while minimizing the use of synthetic additives. In particular, this study investigdiether
biosurfactant and bioemulsifier production can be enhanced under eleanmeptorlimited and mild
oxidative stress, with the goal of developing kaxicity formulations for remediation.

These preliminary experiments were designed as exploratory tests, intended to gather foundational data
on biosurfactant productivity, efficacy, and environmental compatibility in real soil systems prior to more
extensive process optimization and applicatistudies.

Materials and methods

Sixty anaerobic microcosms were prepared using a weathered hydrocadmaaminated soil (Total
Petroleum Hydrocarbon = 4500 mg/kg d.w.) as the microbial inoculum and a microemulsion of waste frying
oil and chickpea powder as the main carbon source todnteh 3+ G S G KS yIF GA GBS YAONRO A
for BS and BE biosynthesis under oxydeprived and static conditions over a period of nine months.
Hydrogen peroxide was added to induce mild oxidative stress and to stimulate enzymatic activity. The
experimental design included different concentrations of nitrate and sulfate as electron acceptors (EAs), and
salinity as potential regulatory factors for microbial biosynthetic pathways.

All microcosms (250 mL total volume) contained 40 g dried soil and 200 mL amendment solution (Table
1). Methanogenesis was inhibited using 50 mNbr@moethanesulfonate to steer microbial metabolism
toward alternative anaerobic pathways, which is more caside to biosurfactant production.

Tablel: Amendment solution

Concentration

NaCl 0.00r0.5¢g/L

MgSQ 0.10r0.5¢g/L

KNQ 5 or 40 mg/L
Urea 0.1%
Chickpea Powder 6.0%
Waste Frying Oil 1.5%

H0O, 3% 0.35¢g/1g TPH
2-Bromoethanesulfonate 50 mM

The crude and microfiltered supernatants were analyzed using oil displacement tests and emulsification
index (El24h) assays with various hydrocarbon substrates (fuel oil, gasoline, diesehexatiacane). The
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BS and BE activities were evaluated in terms of surface activity and emulsification stability. Phytotoxicity tests
(germination index) were performed usiZga maysLepidium sativumandMedicago sativa

Results and Discussion

Oil displacement (Table 2) and emulsification index tests indicated that the biosurfactant and
bioemulsifier activity was more frequently observed under mild salinity (NaCl 0.5 g/L), suggesting that
appropriate osmotic conditions are beneficial for biodyegis.

In microcosms amended with high nitrate and sulfate concentrations, more than 40% of oil displacement
G§Sada LINRBRAZOSR I Ot SINAy3a T2yS xm OYI FyR SYdz &ATF.
crude and filtered extracts. These results gest that even minimally processed biosurfactaioh mixtures
may provide sufficient surface activity to enhance hydrocarbon mobilization, without requiring purification
or bioaugmentation.

These findings support the feasibility of biosurfactant production directly within the contaminated
matrices, reducing reliance on exogenous chemical surfactants that often pose toxicity and persistence
concerns. Moreover, the use of readily available wastaterials as substrates makes this approach
potentially scalable and compatible with circukronomy principles.

Importantly, this work should be considered as the first exploratory step, with several open questions
remaining, including the kinetics of BS/BE production, the identity and stability of active compounds, and
their effects on microbial community dynamigmllutant bioavailability, and plant health.

Table2: Results of oil displacement tests performed with gasoline, diesel oil, mineral and fuel oil, 12 tests for
each condition as humber of tests with no detected oil displacement (NEG), with oil displacement <1 cm (in
RAFYSGSND ot ! we¢ 0 rh(hRianeterf PAGSL aLX | OSYSyid xm O

Test conditions EAs Oil displacement test
Gasoline | Diesel Qil Fuel Oil| Mineral Oil
n®p 3Ikf bl MgSQO5g/L+ NEG (%) 8.3 16.7 25.0 8.3
KNQ40 mg/L | PART (%| 33.3 25.0 33.3 16.7
POS (%)  58.3 58.3 41.7 75.0
MgSQO.1 g/L +| NEG (%) 8.3 8.3 25.0 8.3
KNQ5mg/L | PART (% 0.0 25.0 25.0 8.3
POS (%) 91.7 66.7 50.0 83.3
No added NaCl | MgSQO.5 g/L +| NEG (%) 75.0 75.0 75.0 75.0
6ay2y al| KNQ4Omg/L [ PART (% 16.7 8.3 0.0 0.0
POS (%) 8.3 16.7 25.0 25.0
MgSQO0.1 g/L +| NEG (%)| 25.0 25.0 33.3 25.0
KNQ5mg/L | PART (% 0.0 8.3 33.3 0.0
POS (%) 75.0 66.7 33.3 75.0
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Introduction

¢KS dzNBSyd ySSR (G2 YAGAILGS AYyRAzZAGNALFE OF Nb2y RAZ2I
based carbon capture technologies. Among these, microalgae have gained prominence due to their rapid
growth rates, high photosynthetic efficierity I y R OF LI OAGe& G2 FAE / hi RANBO
relying solely on chemical or physical capture methods, integrating microalgae into industrial systems offers

a biologically driven, sustainable alternative (Goswami et al., 2024).

hyS 2F GKS Y2ad O02YLISttAy3a LW AOFGA2ya 2F YAONER
08 LROoSNI LI Iyida YR YIydzFlI OQlUdzZNAYy3 FIFOATAGASEAD ¢KS
sulfur oxides, are often considered toarsh for biological treatment. However, certain robust microalgal
strains have shown the ability not only to survive but also to thrive in these conditions, turning pollutants
into biomass with potential commercial applications (Kong et al., 2024).

Beyond environmental benefits, microalgae cultivation offers economic incentives. The harvested
biomass can be processed into biofuels, bioplastics, or-frigtein animal feed, making the integration of
microalgae in carbon capture systems both ecolo@iGaid economically attractive (Chen et al., 2023). With
continuing innovation in cultivation technologies aptiotobioreactor design, microalgae may become a
cornerstone in the future of industrial carbon management.

Materials and methods

¢CKAA &d0GdzZRe FAYSR (G2 NBRdzOS / hi SYA&aaizya FTNRY AYyR
the resulting biomass into valuable bioproducts. Experiments were conducted at the Lavrio power station in
Keratea, Attica, Greeceising two 15liter closed photobioreactorsStichococcusp., isolated from Souda

Bay, was grown on sandblasted glass tiles to reduce harvesting costs (Makaroglou et al., 2021), with the
system housed in a shelter to protect against environmental factors.

NaturalgaRSNA @SR Ff dzS I+ a 6l a &adzLlJX ASR G ndc(ufsi YAY e
were tested: (i) continuous light, (ii) flashing light at 1,000 Hz, and (iii) continuous light with nitrogen
starvation, introduced three days before harvest. LED lighting provided 6,600 lux for the first two conditions,
and 3,300 lux under nitrogen stami@n to encourage lipid accumulation.

¢ SYLISNI GdzZNB gt a YIFIAYyGFrAYSR +4G wp B ™M ¢/  @AF AN
aSlglrGSNI FYyR . 2fRQa .lFalf aSRAdzYz ¢gAGK op 3Ji[ ey
harvested from the glass tiles and analyzed for deyght and biochemical content, including lipids, proteins,
carbohydrates, and pigments.

Results and discussion
Throughout the experimental perio&tichococcusp. microalgae demonstrated effective adaptation to the
FtdzS 3+t a SY@ANRBYYSyYyGs OKAS@GAY3 | [ hi TAEFGAZY N
produced. Biomass productivity under the three tested cultivation condifi@esitinuous illumination,
flashing light, and continuous light combined with nitrogen deprivaioh & NB O2NRSR | & pnd
JiYéuI YR oydo 3IAiYeusx NBaLISOGAGSteo

Analysis of the biochemical composition of the harvested biomass (Fig. 1) indicated tha@ahigh
bioproducts comprising carbohydrates, lipids, proteins, and total chloroptosfistituted approximately 89
90% of the total biomass. Among these, carbohydrates represented the dominant fraction, with yields of 24.8
3i YéuyX Hodn 3IJi YeéuX YR mMmdd 3TFi Yéu dzy RSNI 6 KS NI a LIS
enhanced undr nitrogen starvation and flashing light conditions, with measured values®fc 317 Yé u X
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Ji YéuyI YR mMmMdn 3Ii YéeuI NBALISOGAGSted t NRU
G2G1rf OKf2NRLIKeff O2yOSyiN}GA2ya 6SNB Ol f
across the same treatments.

Although the use of flashing light resulted in a modest reduction in overall biomass yield, it was associated
with an increase in pigment synthesis. From an energy consumption perspective, continuous lighting required
33.1 kWh over the 2@ay cultivation priod, whereas the flashing light setup consumed only 25.7 kWh,
thereby demonstrating improved energy efficiency and exftctiveness in biomass production
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Figure 1.) Lipids, ii) Carbohydrates, iii) Proteins, iv) Total chlorophyll, and v) Tepbdiacts produced
by Stichococcus sfor each experimental run.

Conclusions

The experimental results demonstrated tt&tichococcusp. can be successfully cultivated utilizing industrial

flue gas derived from the combustion of natural gas, underscoring the feasibility of employing microalgae for
GKS YAGAIFGA2Y 2F [/ hi SYA&aaAzya LINR2N (feseitK SA NJ
significant potential for downstream conversion into commercially valuable bioproducts. In conclusion, the
deployment of largescale photobioreactor systems for microalgal cultivation repnésa promising strategy
F2NJ E26SNRAY 3T GY2ALIKSNRAO /hi O2yOSyiGNlGA2ya FyRX
effect.
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Introduction

Microalgae are a diverse group of photosynthetic microorganisms that can be found in a variety of aquatic
environments, from freshwater lakes to saltwater oceans and even wastewater treatment facilities. These
living organisms, which range from unicellular to multicellular forms, have emerged as a promising and
sustainable platform for numerous applications. They possess an exceptional ability to efficiently convert
solar energy an€CQ into valuable biomass, making them a potential solution to some ofatbdd’'s most
pressing challenges, such as energy security, environmental sustainability, and resource scarcity.

The increasing worldwide demand for sustainable energy sources and the urgency to reduce greenhouse
gas(GHGEemissions have directed attention towards biofydikebiodiesel produced from microalgal lipids
as a promising alternative to fossil fudiJELGAE, a research project funded by EU, aims to achieve this via
microalgaebased technologiesenabling the conversion of existing production units into advancéd 3
generation (3G) biorefineries, utilizing both biogenic and-bmyenic C@sources. By upgradinga 2G
bioethanol plant and a conventional steel production plémtough an innovativepilot photo-bioreactor
(PBR)it provides in-situ cultivation of selectedand optimized microalgal speci®s Specifically, a
polysaccharideoroducing strain and a lipigroducing strain are employed to capture and convert, CO
emissions from production units directly into microalgal biomass. This biomass is then integrated into both
existing and new value chains for liquid biofuel production: polysaccharides are enzymatically hydrolyzed and
fermented into bioethanol, while ligis are hydroprocessed into hydrobans. Furthermore, the residual
microalgal biomass is transformed into biocrude via hydrothermal liquefaction (HTL), offering an additional
feedstock for upgrading.

In this study, the Taguchi statistical design of experiments (DoE) is employed to systematically optimize
the microalgal bioprocess developed under the FUELGAE profezbbjective is to maximize theutput
responsesi.e. biomass, polysaccharides and lipids concentratipes case Concurrently, the innovative
pilot-scale PBR(Figure 1) and the associated experimental results from the cultivation of the selected
microalgal strains are presented, demonstrating the scgigrocess implemented within FUEAKEand the
efforts undertaken to advance the technology to Technology Readiness Level 5 (TRL 5).

Materials and methods

Two microalgal strains, i.&tichococcusp. and Chlorella vulgarigsee Figure 2 for microscope images),
previously selected via a screening stéidand then improved via Adaptive Laboratory Evolution (ALE), were
cultivated and used in the present study targetliigmass productioralong withadequate accumulation of
polysaccharides or lipidhis approach aligns with FUELQAE G ¢ 2 O lodisBe CCaquBra &hd Y
conversion withima bioethanol plant (Case Study I) and a steel pgl@ase Study Il), respectiveline strains

are cultivated in a modified BBM nutrient medium using, @0excess (at least 10% v/v), as to simulate
industrial off gisses.

The selected parameters used as input variables in the DoE intdtedmicroalgae strairtype, the
illumination colorand intensity(i.e. cool white, blue and red light at different wavelengthaipd the CQ
supply rate.Statistical analysis and regression modellmgble the identification of bioprocess conditions
favoring biomass, polysaccharides and/or lipids production.
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Figure 1 Pilotscale tubular airlift photobioreactor installed in CERTH facilities.

Figure 2 Optical nicroscopemagesof (a) Stichococcusp. and (b) Chlorella vulgadslls during cultivation
in CQexcess (10% v/v).

Results and discussion

Analysis of the experimental and DoE resulisntifies Stichococcusp. as an adequate polysaccharides
producer andChlorella vulgarias an efficient lipids producer for further scaling up their culturebénpilo-
scaletubular airlift PBR Subsequently, the scalagp cultivation results of the selected strains validated the
successful scalingp process.

Conclusions

The reported resultoutline a strategic approach for enhancing specific strains and expanding their
cultivation systems to align with industrial demands, establishing microalgae as a key element in the shift
toward sustainable biofuel production.

AcknowledgementsThis work has been developed in the frame of the FUELGAE research project, funded by
the European Union's Horizon Europe research and innovation program under Grant Agreement number
101122151.
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Introduction
Coccidiosis is a parasitic disease affecting ruminants, primarily caug&ichbgiaspp., and remains a major
challenge in livestock farming due to its economic impact, particularly in young animals. Traditional
anticoccidial drugs are increasingly compromised by resistance, drug residues, and rising demand for organic
animal products. Aiese limitations prompt the need for alternative, sustainable strategies for disease control.
Willows Galixspp.), widespread and diverse members of Badicaceadamily, have long been recognized
for their secondary metabolites, particularly phenolic compounds and salicylates, which offer a range of
pharmacological properties including airtflammatory, antioxidant, and antiparasitic activities. WiSklix
babylonicahas been studied for its anthelmintic properties, little attention has been giverBatix
acmophylla a Middle Eastern species with significant ecological and agricultural paltenti

The present study evaluates the potential of ethanolic extracts from leaves and branches of three
genotypes ofS. acmophylte native to Jordan and Israelas inhibitors ofEimeriasporulation. The study
focuses on quantifying the phenolic content, flavonoids, and salicylic acid levels, and assessingitheir
efficacy against coccidia. This work represents a foundational step toward-ljlaat alternatives to
synthetic anticoccidials.

Materials and methods
Leaves and thin branches were collected from th&eacmophyllagenotypes grown at the Deir Alla
Agricultural Researc@entrein Jordan. Dried samples were extracted with 70% ethanol, evaporated, and
stored for further analysis. The total phenolic, flavonoid, and salicylic acid contents were quantified using
standard spectrophotometric methods.

Oocysts oEimeriaspp. were isolated from naturally infected gdatecesand incubated with different
extract concentrations (256000 mg/L) for 48 hours under aerobic conditions. Sporulation inhibition was
assessed microscopically, and results were expressed as percentage inhibition relative to contmehyTwo
lbh+! FyR ¢dz1S8Qa 1{5 (540 6SNB dzASR F2NJ adl aAadAa

Results and discussion

The yield of leaf extracts (avg. 31.3%) was 2.5 times higher than that of branches. Leaves showed higher
salicylic acid content, while branches exhibited significantly higher flavonoid levels. Total phenolic content
was comparable across tissues and gepes(Table 1)

All extracts significantly inhibiteBimeriasporulation in a doselependent manner. At 750 mg/L, inhibition
exceeded 70%, while concentrations of 1250 and 5000 mg/L produced inhibition abové~@Q¥el).
Interestingly, both leaves and branches of all genotypes were comparably effective, despite differences in
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metabolite profiles.

Table 1.Selected phytochemical properties and extraction yield of willow leaf and bgamciype

. . T :
Willow (Saliy Extraction TPGAE Total Flavonoids| Salicylic Acid

. (mg)/Extract (g) Rutin (mg)/Extract (g)
0,
_ Plant Yield (%) " o5t (mg)/Extract (g) £2Std
Tissue/Genotype pH{ UF
p2Std
Leaf 3 3250.01 y 0 DP&Ha MH y2.3Fa T p ®In44 g
Branch 1 MH B o D468 g HwMAl.lga n n ®n83 g**

*TPGAE#btal phenolsgallic acid equivalent. Means and standard deviation of two experiments, each with three
replicates, mean separation in each tissue by TlkeiSD test p 0.05. *** Different letters indicate significant
differences at p 0.05.
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Figure 1.Percent inhibition of Eimeria sporulation by ethanolic extracts from dd@fg) or branch
(below) tissues from the three genotypes of S. acmophylla. Each data point is the mean of two triplicate
experiments. Standard deviation is shown where it is larger than the data point.

Conclusions

Ethanolic extracts from leaves and brancheS oficmophyllgignificantly inhibiEimeriasporulationin vitro,

with over 70% inhibition at 750 mg/L and over 90% at higher concentrations. These results support the use
of willow extracts as natural coccidiostats and warrant furtimevivoevaluation.
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Introduction
The rapid advancemestin metabolic engineeringpave establishednicrobial fermentation as a promising
and sustainable method fothe production ofhighvalue secondary metabolitesuch as terpenes and
terpenoids. These compounds, traditionally derived from plants, waigely used in pharmaceuticals,
cosmetics, and the food industry, due to their bioactive properties, includingrdtdimmatory, antioxidant,
and antimicrobial effects (Tetali et al., 2013jowever, their low natural abundangeoses significant
challenges for theirecovery Saccharomyces cerevisiaad Yarrowia lipolyticaare two widely used yeasts
that have been sgccessfully engineered to hostrpene biosyntheticpathway for the biotechnological
production oflimonene, squalene and other terpenes/terpenoids (Manina Rodani, 2023

To efficientlyextract and recover terpenes/terpenoidsom yeast cultures, twephase fermentation
(TPF) systems ammmonlyemployed especially in the case of production of terpenes/terpenoids with
moderate to high volatilityTPFtypically involvethe use ofan organic phase (such as dodecanésopropyl
myristate) layered over théermentation broth(Ouyancet al., 2019)While airrent research focuses on the
recovery of terpenes/terpenoids from the@rganic phasethere are limited studies concernig the
terpenes/terpenoidsextractionfrom the aqueousnd the biomass (i.e. yeast cells) phases.

Materials and methods

This study focuses on the recovery of im@noterpene limoneneand thetriterpene squakne from the
cultivations of two genetically modifiegeast strainsS. cerevisiaEGY48ER Liprand Y. lipolyticaYLS48
Squ, respectivelyBatch fermentations were carried out in flasksth a 10% v/v isopropyl myristate overlay
applied in the case @. cerevisia€lTPF).

ForS. cerevisiaghe extraction protocol ofimonenefrom all phasegorganic, aqueous, biomass) the
TPF culture was studied and optimized. Additionally, the mass distributiomariene among these phases
was investigated, while iggroduction profilewas conductedn each phasghroughouta 72hTPF culture of
the engineereds. cerevisiae

In the case of squalene, its recovery was studied only from the biomass phaseYofifayticaculture,
since it is mainly an intracellular metabolit&pecifically, two biomass pretreatment methods were
examined the use of (a) sonication bath and émnication probe. Subsequently, an experimental design was
conducted to determine the optimal solvetd-biomassextractionratio, and the optimal extraction time for
recovering squalene from the yeast biomass.

Results and discussion

In the first series of experiments concerningetidentification of theoptimal conditions for extracting
limonene from all phases of tt& cerevisiaeulture, ethyl acetate wa$ound to bethe most effective solvent
for extracting limonene from the aqueous pha3é&eoptimal aqueoudo-solvent ratiowas1:1 (vA), with an
extraction time of 10ninutes under stirringConcerninghe wet biomass, hexane wagtermined to bethe
most suitablesolvent, with an optimal biomad®-solvent ratio of 2:1 (w/vand an extraction time of 20
minutes using a sonication batkhinder theseoptimal extraction conditionsthe limonene concentration
reached29 mg/L of cultureLimonene was primarilpresentin the organic phas€95.2% of the totainasg,
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whereasin the aqueous phase artle biomasshe limonene masgas much lowerapprox.0.7% and 4.2%
of the total massrespectivelyFigure ).

100 95.2

80
60

40

Limonene,%

20
0,7 4.2

Aqueous phase Wet biomass Organic phase

Figure 1.Mass distributiorof limonene across the three phases of $heerevisiaeulture

Regarding the cultivation of. lipolyticastrainfor squalengoroduction, it was found thatas expected,
no squalene wadetectedin the agueous phase. Preliminary resdittsn the biomass pretreatment methods
showed that usinga sonicationprobe (100 W/g dry biomass)or 1 minute resulted in a highesqualene
extraction yieldof 0.078mg/g dry biomasspmpared to thause of a sonication bati$0W/g dry biomass),
which after 40 minutesesulted in arextraction yieldof 0.016mg/g dry biomass&Jsing experimental design
optimization, it was determined that the optimal conditions for extracting squalene from the dry yeast
biomasscompriseethyl acetate as the solvent, with a solventbiomass ratio of 10:1 anektraction timeof
12.5 minutesunder stirring.

Conclusions

Based on thexperimental outcomesefficient extraction protocols for limonene and squalene from yeast
cultures were successfulieveloped using ethyl acetate and hexane as key solvdratsther confirmation
experimentsare scheduledo determine the maximundimonene and squaleneecovery.An optimized
downstream processingorotocol for extracting terpenes from all culture phases is crudial a
biotechnological production process aiming to maximize terpeaesvery.

Acknowledgementst KS NBASF NOK LINRP2SOG ! [ hw, A& AYLI SYSy
wSaSEkNOK CAYlFYyOAy3a 61 2NRT 2y it &dzLIR2NL 2F Fft { O
GDNBSOS Hdné¢ 7Tdzy RS RNext€endraichED(dZNEPta)Eck NOmbery KLES§D).

The authorsexpresgheir sincereacknowledge to Dr. A.M. Makris, Dr. E. Theodosiou, Ms. A. Andreadelli and

Ms. M. Orfanidou from the Institute of Applied Biosciences | CERTH for providing the engineered yeast strains
EGY4$ER Lim andLS4&qu.

References

Tetali, S. D., 2019. Terpenes and isoprenoids: a wealth of compounds for glolibusg 249, 18.

Manina, A. S., & Forlani, 023. Biotechnologies in perfume manufacturing: metabolic engineering of
terpenoid biosynthesidnt. J Mol. Sci, 24(9), 7874891

Ouyang, X., Cha, Y., Li, W., Zhu, C., Zhu, M. 4hu8. M., Huang, &, Li, J.2019. Stepwise engineering of
Saccharomyces cerevisite produce (+yvalencene and its related sesquiterpen&SC advance9(52),
3017130181.

29



d b . 4" International Conference on Sustainable Chemical and Environmental Engineering
® H0o5 B> 4" September 2@ Thessaloniki, Greece

Valorization of Invasive Macroalgaé\§paragopsis armata and Sargassum spas Sources of
Immune-Enhancing Aquafeed Ingredients: Recovery anévitro Fish Digestibility Assessment
S. Papadak#? C. Stergiopould$, N. Trich4d®andM. Krokid&?3
IDIGNITY IKE, Zografou, Greece
2PRINSUS Spirff, Zografou, Greece
3School of Chemical Engineering, National Technical University of Athens, Athens, Greece
Corresponding author emagdofia.papadaki@dignity.com.gr

keywords:aquafeed; invitro fish digestion; invasive macroalgae; phlorotanngsstainable
aguaculture

Introduction

Invasive macroalgae such Asparagopsis armatéred) andSargassum spgbrown) increasingly impact
Mediterranean coasts but contain bioactives (halogenated metabolites, sulfated polysaccharides,
phlorotannins, PUFA) relevant for fish health. Prior studies wiiparagopsis sppand brown algal
polyphenols indicate antimicrobial, antioxidant, and immunomodulatory activities in fish, supporting their
use as functional aquafeed ingredients. This wotknducted as a synergy betwedre EU funded projects
VALAS (invasive biomass valorization) and FEEDACTIV (functional aguafeedsgs strictly on compound
recovery, foodgrade formulation, and hvitro fish digestibility, as a prerequisite to immueéicacy trials.

Materials and methods

Biomass of\. armataand Sargassum spwas harvested from invaded shores under permits, rinsed; low
temperature afRNA SR oXnn c/ 0 YR YAffSR o6fpnn xYO® 9EGN
AL I1jdzS2dza SEGNI QGA2y yR Syl @Yl (A éride gilio@eted 4 A & ¢
SEGNI OGA2Y o6yp c/ 0 FyR SOiKFEy2f LINSOALAGIGA2YS O6AA
food-grade solvents with GBS fatty acid profiling. Characterization included total protein (Kjeldahl),
phenolics (FoligQocalteu), sulfated polysaccharides (phegsllfuric), and omeg& PUFA quantification.dn
vitro fish digestion was conducted using a tatage static model adapted f@parus aurataquantifying
bioaccessibility of proteins, phenolics, reducing sugars, and micellarized PUFA.

Results and discussion

BothA. armataandSargassunextracts were rich in immuneelevant compoundsA. armatayielded 21.4
p MOH: LINRPGSAYS mMy®dr p nodz adfZ FFGSR LRfealr OOKI N
SEGNI OGida 6SNB KAIK Ay LKE 2NRIOl Yy BPAFAERA 21886, DHHA b1DMm Y
of total FA). Invitro digestion reealed >65% digestibility for protein hydrolysates¢82% bioaccessibility of
phenolics, and partial resistance of polysaccharides, suggesting potential prebiotics.effbet choice of
these algae is supported by literature demonstrating enhanced innate immune responses in fish fed
Asparagopsis and brown algal extracts.

Enhancing the security and sustainability of European aquaculture is best achieved through ecosystem
positive production, where feed and health innovations are coupled with actions that measurably improve
marine biodiversity. By valorizing invasive biomade functional, traceable feed ingredients, farms can
reduce reliance on finite fishery resources, lower import risk exposure, and strengthen animat hehlta
targeted removals of invaders relieve pressure on native communities. This dual approacvamp
biosecurity and supplghain robustness (through diversified, locally sourced inputs) and aligns with EU
sustainability goals by generating-benefits: lower feed footprint, healthier stocks, and demonstrable
recovery of native species richness drabitat quality.

Conclusions

This VALIAFEEDACTIV study establishes a recémenulatecdigest pipeline for invasive macroalgae
derived ingredients and demonstrates fistodel bioaccessibility, dasking their progression to immune
endpoint feeding trials in Sparus aurata and Dicarthus labrax. By coupling aquafeed innovation with
targeted invasive species removals, the approach strengthens both aquaculture sustainability and European
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marine biodiversity.
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Introduction

The attention towards integrating microalgae within wastewater treatments has been recently growing.
Microalgae are able both to remove heavy metals and nutrients in wastewater and to sequester CO
Moreover, the poorguality growth media makes microalgae cultivation more convenient (Mantovani at al.,
2020). Life cycle assessment (LCA) is the appropriate tool to verify these environmental advantages.

Materials and methods
In this work, two systems exploiting microalgae for wastewater treatment are environmentally assessed. LCA
is first applied to a wastewater treatment plant (WWTP) integrating an algal cultivation system (developed
by Politecnico di Milano). Furthermore, bryd materials integrating microalgal biomass with inorganic
nanomaterials (developed by the Italian National Research Ca@®1llC) are environmentally assessed.

The LCA is performed with the Environmental Footprint 3.1 method (Fazio et al., 2018). The modelling is
performed with primary data integrated by data from the literature and the ecoinvent 3.9.1 database.

Microalgae cultivation coupled with a wastewater treatment plant
The analysis compares a conventional WWTP with the same plant integrated with a microalgal cultivation
pond. Data of a pilescale algal cultivation system have been scaled, simulating the integration at the full
scale. The functional unit (FUXe treatment of 1,000 rhof wastewater
In the combined system, described in Crippa et al. (2025), the growth of microalgae is sustained by the
nutrients of the liquid fraction of the digestate (sludge is anaerobically digested). The residual algal biomass
increases the amount of recovered sdligestate and the biogas production. Biogas is upgraded to methane,
with the CQused for algal growth. Four valorization routes of the residual algal biomass are examined:
1) Fertilizers- use in agriculture substituting chemical fertilizers.
2) Energy incineration with energy recovery, replacing energy generated from fossil fuels.
3) Cement-thermal drying and use as an alternative fuel in a cement plant, directly replacing fossil fuels.
4) Biostimulants- production of biostimulants used in agriculture; since biostimulants can favor a higher
nutrient-dzLJG | 1S STFFAOASYyOex GKS adzlllX e 2F FSNIAEAT SNE&

Hybrid materials for wastewater treatment
The analyzed system couples microalgal biomasses (Neochloris oleocaburidem@ and Phaeodactylum
tricornutum-t GNO GAGK AY2NBFYAO yIy2LI NIAOESE 6¢Ahi |yl
granules that combine the adsorption capabilities microalgae with the photocatalytic activity of
YEY2YFEGSNRALFEAY om0 bS2/ k ¢AMRITT oMy AtaiNSBKC® K iTbtoo v b
Microalgae are cultivated, harvested, and combined with inorganic nanomaterials to obtain a colloidal
suspension. The colloidal suspension undergoes an atomization with a granulator, followed by a spray freeze
drying, resulting in highly porous dry gransil@ he system is described in Zanoni et al. (2025).
Since the photocatalytic performance of the hybrid granules is similar to that of activated carbon, the LCA
focuses on a representative pollutant removed by adsorption, with FU set asiftgption of 1 mg of Cu(ll)

Results and discussion

Microalgae cultivation coupled with a wastewater treatment plant

Table 1 reports the results for the four valorization routes. Negative impacts (i.e. benefits for the coupling of
microalgae with the WWTP) are limited (3 to 5 categories) when the algal biomass is recovered to produce
fertilizers or it is sent to energgcovery or in cement production as an alternative fuel. Differently, with the
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production and use of biostimulants on crops, benefits are observed in 14 out of the 16 impact categories.
Table 1.Potential impacts for the four valorization routes of residual microalgal biomass. Green color: the
coupling of microalgae and WWTP shows lower impacts than those of the conventional WWTP.

Impact category Unit Valorization route (impact/FU)
1) Fertilizers|  2) Energy 3) Cement | 4) Biostimulants
Acidification (A) mol H eq 1.94E+00 1.95E+00 1.94E+00 6.03E01
Climate change (CC) kg CQeq -4,.98E01 -3.39E+00 -8.94E+00 -2.23E+02
Ecotoxicity freshwater (ECF) CTUe 4.63E+01 1.03E+02 5.59E+00 -1.43E+04
Particulate matter (PM) disease inc. 1.35E05 1.36E05 1.35E05 -2.74EQ07
Eutrophication- marine (EM) kg N eq 6.02E02 6.25E02 6.01E02 -1.19E01
Eutrophication- freshwater (EF) kg P eq 4.32E04 7.65E04 7.87E04 -4.30E02
Eutrophication- terrestrial (ET) mol N eq 8.63E+00 8.65E+00 8.64E+00 4.97E+00
Human toxicity cancer (HTC) CTUh 4.82E09 1.80E07 -4.97E09 -1.67EQ07
Human toxicity non-cancer (HTNC) CTUh 1.02E06 2.04E05 2.73E07 -1.77EQ05
lonizing radiation (IR) kBq U235eq | 4.36E01 4.84E01 5.94E01 -1.27E+01
Land use (LU) Pt 6.39E+02 6.46E+02 6.40E+02 -6.60E+02
Ozone depletion (OD) kg CFC11 eq| -7.91E08 -1.72E07 -8.36E10 -5.83E06
Photochemical ozone formation (POF) kg NMVOC eq 2.33E03 3.23E03 -6.74E03 -6.70E01
Resource usefossils (RUF) MJ -1.53E+01 -5.05E+01 -6.74E+01 -3.05E+03
Resource useminerals, metals (RUM) kg Sb eq -1.28E06 1.06E05 1.12E05 -2.53E03
Water use (WU) m?3 depriv. 1.17E+00 3.48E+00 2.60E+01 -1.44E+02

Hybrid materials forwastewatertreatment
DN} ydzf' S om0 bS2/ k¢Ahi aKz2ga (KSB1%impackiacieasasYordirabulea Ay
(4), 5654% for granule (3), and 27% for granule (2). Examining impact contributigremofe(1), electricity
consumption (especially for the spray freedwying) is the most relevant burden in 15 categories (Figure 1).

The next step of the research will be the comparison of hybrid granules with activated carbon to evaluate
the potential benefits of the studied system in the adsorption of pollutants from wastewater.

100% Electricity for preparation of colloidal
suspension, atomization, and spray freeze-d
mTiO2
50% -

u Microalgae cultivation

0% Inputs for preparation of colloidal suspension
A CC ECFPM EM EF ET HTCHTNCIR LU OD POFRUFRUMWU  and atomization

Figure 1 Impact contributions forthe system @1)S2/ k ¢ Ahi T F2NJ 6 KS AYLI Ol C

Conclusions

The LCAs showed potential environmental benefits of the assessed solutions, although they are not verified
under all conditions (e.g. the choice of the algimimassrecovery route is crucial). Furthermore, LCAs at the

lab scale are useful to identify the most relevant burdens, aiming at optimizing the upscaling of processes.
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Introduction

Sonogashira coupling (SC) reactions are pivotal in organic synthesis and materials chemistry, traditionally
relying on large solvent volumes, high temperatures, and extended reaction.tiReesnt efforts have

shifted toward greener approaches like mechanochemjstlgssified by IUPACas top 10 technologfahe

future in chemistry, due to its sustainability and safety benefitsis innovative field leverages highergy

ball milling to facilitate solverfree SC, enabling the synthesis of porous polymevanced materials with

fI NBES adaNFIF OS | NBI &4 (-deyijligatibnSoffériggNpphcatiang & energy@&ags E G Sy &
catalysis, and electronicghese conjugated polymeric tveorks, composed of fused and ndnsed aromatic
building blocks with heteroatoms and functional groups, benefit from mechanochemical synthesis, which
outperforms conventional methods by providing efficient, reproducible pathways to complex structures for
high-performance materials in supercapacitors and beyoraese networkexhibit key characteristics such

as tunable porositandbuilding blocks, photophysical stability, large surface area, and extensive conjugation,
making them highly versatile for vaus applications

Materials and methods

The general S@rocedureinvolvedmixingl eq. oftriethynylbenzene TEB with monohalogenated4.5 eq)

or dihalogenated (1.5 eggromatic compounds in the presence of copper sources (5 mol%) and palladium
sources (5 mol%), along with 11 eq. of a base. The mixtaseplacedn a 10 mL milling jar, along with five
YATTAY3 oFffa o6qu 2F Was Iubj&id yhachahidal a§itatiorousing a pall mift. Y Y ¢
The reactiorwas carried ousolventfree at room temperature under normal air coitidns, with the milling
instrument set to operate at a speed of 25 Hz for 1 hour. Upon completion of the reaction, the misire
extractedwith dichloromethane (DCM) to separate the organic phase. The organicvagethen treated

with anhydrous sodium sulfate (M&Q) to remove residual moisture. After drying, the solvemas
evaporatedunder reduced pressure to obtain a concentrated residue. The ctrinher products were

purified by column chromatographgnd the polymeric network products by Soxhlet extraction. The products

were characterized by NMR and FTIR. The electrochemical capacitive performance of synthesized samples
was determined by implementing the cyclic voltammetry (CV), electrochemical impedaectroscopy

EISY FyR ALt Gry2aidlGA0 OKFNEHSLRAAOKINHS 0D/ 50 YSiGK

Results and discussion

The present study reports the first successful demonstration of multiplée@Omechanochemical approach
within a short reaction time of 60 min under air and ambient conditions using low frequency (25 Hz). The
study systematically explores various experimental parameters, including catalytic systems, bases, and
milling ball typesto elucidate the optimal conditions for triple SC between TEB and iodobenzene (Figure 1).
The scope of the reaction was then evaluated, where substrates with eledtoating, electron
withdrawing, and heteroaromatic groups were coupled successfully to TEB, while also assessing the
substitution positions. The optimal catalytic conditions involved ®BEh), and Cul as coatalysts, with
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triethylamine as the organobase, and employed mechanochemical activation with low frequency (25 Hz)
under normal air conditions. WitiEBas the core, ten derivatives incorporating diverse electrich and
electrondeficient aromatic halides were synthesized, demonstrating the versatility of this protocol. The
methodology was extended to the synthesis of conjugated porous macromolecutish are finding
applications in various fields such as energy storage, photocatalysis and electronics. Three rafivesent
macromolecules comprising aromatics with different electronic features were synthesized in high yields (71
89%), namely benzene, benzo[d][1,3]dioxole, and benzo|c][1,2,5]thiadiaZdlis mechanochemical
approach enables a green, solvdrge, and simple route to precisely structured advanced materials.

R Z N R
Z X
‘ ‘ __R' ~553 Z2 A i
Cu/Pd catalytic system
+ R-XorX-R-X organobase f f
N R R
Ball milling (25 Hz) ‘ ‘ Three Conjugated Porous Polymers‘ ‘
TN z
R R

X =lorBr RT

AN
4

scope of 10 Trimers

Figure 1. Multiple SC couplings for the synthesis of trimers and porous macromolecules

The synthesizegolymerswere thoroughly characterized to evaluate their potential applications in
energy storage. The cyclic voltammetry, electrochemical impedance, and galvanic-disatgerge analysis
infer the coexistence of electrochemical double layer capacitance and pseagacitance behaviour. The
extended conjugation and the porosity, which is influenced by the type of bridging Imgalightthe scope
of the synthesized supramolecules for capacitive energy storage applications. As dhegaltymer bearing
benzene ringshowed thebestperformance with a specific capacitance of 64.31 F/g and 4.06 F/g in the open
cell and symmetric coin cell configurations, respectively. However, in the coin cell configuratipalytmer
bearing benzothiadiazolevas found to have the highest specific capacitance of 21.44 F/g but with less
stability exhibiting significant potential drop at lower current densities.
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Figure 2. (a) EISin the coin cell configuration exhibiting tidyquist plots. (b) Galvanostatic chargéscharge profile of CMA at
0.8 A/g for 100 cyclesxhibiting a nice stability with no evident potential drop.

Conclusions

Ball milling has emerged agpawerful, green,and versatile tool iorganic synthesis andaterials chemistry,
offering a sustainable and solveifitee alternative to traditionalsolution-phase methods. Heraye report

the optimization ofa triple Sonogashira crossupling reaction under roortemperature baHmilling

conditions, achieving higjelds in short reaction timesf 60 minunder the optimizedcatalytic conditions
invohMing PdCI2(PPh3)2 and Cul ascetalysts, with triethylamineas the organobase, andmployed
mechanochemicactivation with low frequency25 Hz) under normal agonditions. WithTEBas the core,
ten derivatives incorporatingiverse déectron-rich andelectrondeficient aromaticalides were synthezed.

The methodology was extended tthe synthesis of conjugategorous macromoleculesThe extended -
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conjugation and high surface artsal to highcapacitance andlectrochemicastability, achievindLOO cycles
of chargedischarge with no loss in potential over the time range. dggynthesizedymmetric coin cell also
exhibited consistent supercapacitor performanegich sipportsits prospects as a promising electrode for
energy storage.
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Introduction

Unsustainable management of food waste and losses is responsible for the emission of around 3.3 billion
tons of carbon dioxide equivalent annually. The Circular Economy Action Plan in EU countries aims to halve
per capita food waste by 2030 supporting theost sustainable management optiofEC, 2020)While
sending food waste to landfill represents the worst solution in terms of impact on climate change, alternative
solutions such as composting can be more efficient for organic waste returning to thassfattilizer.
However, the European Commission highlights how recycling may be one of the recommended solution for
managing food waste. In particular, recyclinggmgducts allows reducing the amount of waste to be
disposed and it helps creating a ciraueconomy where waste from food production and consumption is
turned into valuable inputs for other processg@omezGarcia et al., 2021)

My presentation will show the effect in terms of carbon footprint estimated by using a Life Cycle Assessment,
of replacing an amount of the traditional beef burger with tomato peels and seed. Tomato peels and seed
represent two potential byproducts of thetomato industry that generally are sent to landfill. Results are
discussed in terms of the benefits, in environmental terms, of implementing circular economy practices in
the food systems.

Materials and methods

Both traditional and fortifiedburgers were prepared. For theaditional burger preparation, ground beef,
extra virgin oil, black pepper and meat spisesh as saltwere used as ingredients. To prepare the fortified
meat products containingpmato peels and seedhe fine powder of dehydrated tomato peels and seeds
was added to the basic mixtutegether withthe solvent to previously hydrate the powdsuch agmilk.
Boththe formulations are reported in Table 1.

Table 1.Formulation of traditional and fortified burger with and without tomato peels and seed

Ingredients Traditional burger Fortified burger
Beef 976 666

Olive oll 16 11

Black pepper 2 1

Salt 6 5

Tomato peels and seed | 0 122

Milk 0 195

TOTAL 1000 1000

Life Cycle Assessment is a systematic method used to evaluate the environmental impacts of a product,
process, or service throughout its entire life cydlbe Functional Unit was defined as 1 kg of burger, and the
entire supply chain of all the ingredients in their preparation was considered. Primary and secondary data
were used in the Life Cycle Inventory phase. Primary data such as direct data provitedaioratory of

the University of Foggia, were used to analyze the recycling process such asetlyy @eeded for
dehydrating and grinding tomato peels and seed. Secondary data from various sources were utilized for each
AYINBRASYG 2F (GKS 0dzZNESNW® Ly GKS [AFS /@0fSIALYLN O
0l aSt AyS @ dlogysbtheSimaRéui K6DR software to assess the potential contributions to the
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footprint.

Results and discussion

Looking at the impacts per kilogram of beef related burgers, comparing the traditional burger with the
fortified one, the reduction of greenhouse gas emission is observed (Fig. 1). In particular the traditional
0dzNESNJ NBEO2NRa | D2 t /kg @fl burdeBwheedis the fowified buiger /emiis 32,7

13/ Wkg®flpurge LG YSIya GKFG LISNI {3 2F 0dzNBSNE | 0 2 dzi
entire food supply chain, the processing of dairy and meat products is recognized as a significgb$o
energy consumption and associated with high GHG emissions. The amount of extra milk in the fortified burger
has a significative impact associated, although it is lower than the saving of emissions due to the decrease of
the beef meat with respectat the traditional burger. Our results are consistent with previous studies
identifying beef as a high intensive emission food item. Indeed, bovines, unlike pigs and poultry, release a
significant amount of methane from enteric fermentati¢@aro et al., @14)which is saved in the fortified
burger.

PR N
N O O
1 1

kgCO2eq/kg of burger

o EaN (00]
1

Traditional Fortified

m Beef meatm Oil m Black peppem Other (salt)m Electricity= Milk

Figure 1.Global Warming Potential expressed in kgdobeq per kg of burgers (a=beef, b=turkey). Each
ingredient and associated impacts are represented by a different color.

Conclusions

The byproducts were properly dehydrated and grinded to obtain a fine powder that became an interesting
ingredient to enrich the meat burgers. A fulld Cycle Assessmentvas also carried out to estimate the real
benefits in recycling tomato peels and seed, to be used for fortifying a traditional buitgerlife Gycle
Assessmenhasallowed quantifying the environmental savings, using beef with and withtoutato peels

and seed.The LCAasrevealed that recyclingpy-products with the aim of replacing tditional foodis a
beneficial option in terms ofarbon footprint aboveall when highrintensive emissions food items such as
beef meatare considered.
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Introduction

Chitin is a highly valuable bwaste product with numerous applications in various industries. Its abundance,
economic value, sustainability and applications make it an important source of renewable materials. Chitin
is a longchain polymer of Macetylgliwosamine, an amide derivative of glucose. It is the second most
abundant polysaccharide in nature, behind only cellulose, with an estimated 1 billion tons produced each
year in the biosphere. Chitin ax$ in the shells of arthropodisects and is alsorgduced by fungi and
bacteriaand itis biocompatible, biodegradable and ntoxic, making it a promising material for various
industries and application&lierAli-Komi et al., 2016)

The chitin extraction process typically involves several steps, including demineralization, deproteinization
anddiscoloration dependng on the source materiallhe most common method for chitin extractiortlig
chemical method (Islem et al., 2016, Kozma et al., 2083 method usually requires the use of strong acids
andbases, whiclyenerate large amounts of hazardous waste thatguignificah environmental risksThe
choice of the extraction method depends on the source material and the desiogepies of the extracted
chitin (Islem et al., 2016)While chemical extraction is commonly used in industrial processing, green
extraction methods offer potential environmental benefits and are an area of ongoing research and
development.These methods utilize techniques such as biological extraction, eragsigted extraction,
microwaveassisted extraction and ultrasouras$sisted extractiorflslem et al., 2016Kozma et al., 2022,
Mohan et al., 2022)In the enzymassisted extraction, results can be different according to the chosen
enzymegMohan et al., 2022)Proteolytic enzymes like proteases and chitinases higyte deproteinization
capacity. Despite its potential, enzymatic deproteinization studies remain limited, with a significant
knowledge gap regarding whether this method can achieve deproteinization efficiency comparable to
conventional chemical treatments while producing chitin of eql@maquality.

In this context, the aim of this work w&s compare two different extraction routes for obtaining chitin
from seafood waste. Specifically, it aims to evaluate the conventional chemical method against a more
sustainable enzymatic approach, in which enzymes are used for the deproteinization rafithreaterial,
enabling chitin recovery.

Materials and methods
Spider crab shell$faja squinad, sourced from a local restaurant in Donostid vy { Sol A At yI &S
dried, and ground (<0.5 mm) prior to chitin extraction. The chemical method (Chitin 1) involved sequential
depigmentation (acetone, 48 h), demineralization (2 M HCI, 3 h), depizéion (2 M NaOH, 24 h), and lipid
NEY2@It 6SUKIy2fs ¢ KOoOd C2NJ GKS SylevylLiAad YSGK2R
(Bacillus licheniform)sfollowed by the same HBhsed demineralization. Depnentation and lipid removal
were combined into a single ethanol treatment (6 h), and a final mild NaOH step ensured complete protein
removal.

Extracted chitin from both methods was characterized vidRETGNMR, Elemental Analysis, XRD, and
TGA to evaluate chemical structure, degree eddgtylation, crystallinity, and thermal stability.
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Results and discussion

As shown inTable 1gravimetric analysis revealed a significant difference in chitin yields betaleemical
method and enzymatic method primarily due to the distinct deproteinization approaches. The chemical
method resulted in a 19.72% chitin yield, while the enzymatic process led to a lower yield of 14.24%. This
reduction suggests that the enzymatibemical sequence may have removedtpin fractions not targeted

by the purely chemical method, resulting in lower chitin recovery but potentially higher purity.

Table 1.Chitin yield obtained from chemical and enzymatic extraction methods.

Conventional chemical Enzymatic
method deproteinization method
Extracted chitin (wt.%) 19.72 14.24

As shown in Figurg FFIR spectra of the purified chitin samples were compared to that of commercial chitin.
All spectra exhibited characteristic chitin psakncluding the amide | band1(652 cmt) and amide Il band
(<1548 cm'). Minor differences in the 12@A000 cm' region, particularly in €O stretching vibrations, may
reflect slight variations in the degree of deacetylation, crystalline structure, or residual impurities. Despite
these differences, the overall spectral similarity confirms the effectiveness of thigcpation process.
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Figure 1FTFIR spectra of comercial chitinl (Com. chitin) and the one obtained by conventional cheical
method(Chitin 1)and enzymatic deproteninization meth¢@hitin 2).

Conclusions

Chitin obtained through the enzymatic deproteinization method resulted in a high extraction yield. Analytical
techniques confirmed the high purity of the extracted biopolymer. Additionally, its potential for application
in film and emulsion formulation hdseen successfully evaluated.

Acknowledgements: This study is supported by the Basque Government (Grant ref.
00001BI02023%48 and 1T149822).
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Introduction

Plastic pollution and food waste stand as two of the most pressing environmental challenges of our time.
With global plastic production surpassing 390 million tonnes in 2G2figure anticipated to double by 2040
under current consumption trendspetroleumbased plastics continue to accumulate in landfills and
oceans, inflicting severe and lasting ecological hdfphSimultaneously, approximately osikird of global

food production is lost or wasted, with fruit and vegetable residues representing a sulastsimare of this
underutilized biomass[2] Tackling these intertwined issues necessitates the development of innovative,
sustainable materials aligned with circular economy principles, transforming waste streams into valuable
resources. Bioplastics synthesized from agricultural byproducts emergecampelling solution, offering
biodegradable alternatives to conventional plastics and addressing critical environmental concerns.

Materials and methods

Pomegranate peel presentsignificant potential as a raw materjalince they areich in natural polymers
(such as pectin and cellulose) and bioacta@mpounds, making them suitable for conversion into
biodegradable films[3]

The raw material underwent a systematic nustep preparation process. Fresh pomegranate peels
were collected and carefully processed to yield a refined biopolymer feedstock. Initially, the peels were air
dried in a dark, welentilated environment oveseveral days, effectively reducing moisture while preserving
their bioactive compounds. To achieve complete dehydration, the partially dried peels were subsequently
ovenrRNA SR |G FLIWNPEAYLFGSt& wmnn c/ F2N on eYihyudzi Saz
compromising the integrity of the natural polymers. Following dehydration, the inner pith was meticulously
removed, isolating the polyphenaich outer rind. The rind was then finely ground using a blender, producing
a powder that served as thedindational material for bioplastic formulation.

The bioplastic material was developed through a series of experimental iterations, involving the
combination of pomegranate peel powder with various natural binders and plasticizers. Initial trials
employed glycerol as the sole plasticizer, using povideglycerol ratios such as 50:50 and 70:30. While
these formulations produced cohesive films, they exhibited excessive softness and brittleness upon drying,
reflecting insufficient mechanical strength. To address this, the formulations were refined toargdlithg
agents, specifically agagar and gelatin. In the optimized composition, pomegranate powder was blended
with an equal ratio (50:50) of agagar and gelatin dissolved in water, along with a smaller amount of glycerol
as a ceplasticizer. The mivres were heated, thoroughly stirred for uniform dispersion, and cast into flat
molds before being cured at room temperature. This improved formulation yielded significantly enhanced
materials: the bioplastics dried uniformly within a week, forming safid rigid samples free of cracks.

Results and discussion

The pomegranate peederived bioplastic demonstrated several promising attributes as a sustainable
material. Mechanically, the agar/gelatenhanced formulation exhibited sufficient rigidity and strength in
dry conditions, coupled with notable impact resiste. Samples withstood drops without cracking, indicating
RdzNI oAf A& &adzZAdlofS F2NJ I LILXAOFGAZ2Yya fA1S avlftf
limits its flexibility, behaving as a brittle polymer that snaps under excessive fMicde advantageous for
maintaining shape and structure, this property restricts its use in applications requiring elasticity or impact
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absorption.

CKS 0A2LX FadA0Qa 61 GSNI YR GKSNXNYIfT 0SKF@GA2NI FdzNI K
to brief water exposure, rardening after drying, but is neither waterproof nor suitable for prolonged
exposure to moisture or heat, as these cdiudis cause softening or deformation due to the waseiuble

nature of its natural binders. Consequently, it is best suited for dry;Homidity environments and is
unsuitable for higitemperature applications.

' SAGKSGAOItfftesr GKS YIGSNAFEQa ayvy2234K YL GdS FTAy
quality. This aligns with modern edesign trends that emphasize materials with a visible organic origin,
enhancing its potential for environmentally cgsious applications.

A primary advantage of the developed bioplastic lies in its biodegradability. Constructed entirely from
bio-based components, the material is anticipated to decompose significantly faster than traditional plastics
under natural conditions. Preliminary sollirial tests confirmed this potential, with samples progressively
breaking down over several weeks. This characteristic ensures that products made from this bioplastic will
not contribute to longterm environmental pollution, seamlessly integrating intangposting processes or
organic waste streams at the end of their lifecycle. Furthermore, the material satisfies essential functional
requirements for lowstress applications while presenting a unique sustainable aesthetic and narrative,
aligning with modem environmental priorities.

Conclusions

The findings of this study hold substantial significance for sustainable materials engineering and circular
design. They illustrate how agfood waste, such as pomegranate peels, can be transformed into a functional
material, diverting waste from land#lland reducing dependence on fodsilsed resources. The successful
formulation and prototyping process exemplifies the practical application of circular economy principles:
reclaiming waste as feedstock, processing it through-émergy methods, and proaing biodegradable
materials. This research establishes a foundation for advancingoased materials in design, fostering
interdisciplinary collaboration between materials science and product development. By integrating
biodegradable, wastélerived materials, designers and engine@an drastically lower the ecological
footprint of consumer products while conveying a powerful sustainability narrative. The pomegranate peel
bioplastic serves as a compelling example of how functionality and environmen{abnsbility can
converge, marking a meaningful step in the pursuit of innovative solutions to plastic pollution.
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Introduction

The contamination of water resources by hexavalent chromium (Cr(®1pighly toxic and mobile
pollutantt remains a critical environmental challenge, particularly in industrial regions where inadequate
wastewater treatment exacerbates public health risksiniblo et al., 2020). Conventional remediation
methods, such as chemical reduction and activated carbon adsorption, are often costly or generate
secondary waste. Biochar, a carbach material derived from biomass, offers a sustainable alternative due
to its porous structure, functional groups, and potential for waste valorisation (Inyang et al., 2015).
This study explores the synthesis of biochar/silicate composites from watermelon peel (WP), an abundant
agricultural waste, to enhance Cr(VI) removal. WP is rich in cellulose, pectin, and oxygenated functional
groups, which facilitate metal binding (Wanigat., 2022). Hydrothermal carbonisation (HTC) was employed
for biochar production, leveraging its efficiency for higbisture biomass (Funke & Ziegler, 2010). The
composites were characterised to assess the impact of silicate modification on adsomatiomance, with
a focus on pH dependency, isotherm behaviour, and comparative efficacy against unmodified biochar.

By integrating waste valorisation with water treatment, this research aims to advancedstyvece
friendly adsorbents while addressing gaps in composite material performance for heavy metal remediation.

Materials and methods

To synthesize thesiliemA 2 OKI NJ O2Y L2 aA(GSas a2RAdzy aAtAOFGS o6bl
6SNBE YAESR dzaaAy3a | 1LSadtsS FyYyR Y2NIFEN Ay RAFFSNBY(
each mixture, 1 gram of biochar was usé&the resulting composites were extruded through a 2 mm sieve to
ensure consistent particle size and then allowed to dry.

Characterisation

The surface area and pore size of the adsorbent particles was analysis using BET. The elemental
compositions of the samples were analysed using CHNS analyser. The presence of functional groups in the
samples are analysed using FTIR.
Adsorption experiment
A stock solution of hexavalent chromium (1000 ppm) was prepared using potassium dichromate. Test
solutions (1@50 ppm) were prepared by diluting the stock solution. To evaluate the adsorption performance
of the composites, 50 mL of chromium solution (atidsto the target pH) was mixed with 100 mg of
adsorbent in a container. The mixture was agitated on a shaker for a predetermined contact time. After
agitation, 1 mL aliquots were extracted from each container, and the remaining Cr(VI) concentration was
determined spectrophotometrically usingreviously describethethod (Wu et al. 2023)
The Cr(VI) removal efficiency was the determined from:

Y p TM-HA— )

Results and discussion
The FTIR spectra of kealsorbents S4S5 are presented in Figute This analysis reveals significant inter
sample differences in surface functional groups, which directly influence their potential for chromium
adsorption. Among the samples, S2 exhibited the most intense peaks, particularly in the hydroxyt (~3000
3700cme 40 YR OF Nb2yeéf odmtnn OYeéeuov NBIA2yAaIX adzZa3asSal
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Cr(VI) interaction. The-O stretching vibrations (~10@@ o nn OYeéuyu o Ay {H FdzNI KSNJ
oxygenated functional groups, which can enhance adsorption through electrostatic interactions. In contrast,
the silicamodified samples (S3, S4, aBf) displayed weaker FTIR signals, likely due to the dilution of active
sites by silicate structures dominating the surface. This observation is supported by adsorption experiments,
as the silicate framework may reduce pore accessibility for adsorptieedan the spectral analysis, S2 is

the most promising material for Cr(VI) removal.

FTIR Spectra Comparison
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Figure 1FTIR spectra for different adsorbent samples.

The BET analysis results are presented in Table 1, providing insight into the surface characteristics and
porosity of the materials. Among the samples yielding valid results, S2 exhibits the highest BET surface area
OMPTNM Yuk 30 P ¢ KKied répbriedinthe NEBNAUBh ihdic&ertFatinddrpdrating
sodium silicate into the composite materials reduces adsorption performance.

Table3: BET surfaces area, elemental composition and Cr(VI) removal efficiency at pH of 3 of the
samples with different hydro char concentrations.

ID: Hydro Mass % SA (Mg) Pore Y

Char C H N o) width (%)
0) 0

S1 N/A 36.64 5.72 2.45 55.19 - - 40

S2 1.000 41.58 7.65 1.39 49.38 1.741 60.81 58

S3  0.250 24.42 4.12 0.73 70.73 0.634 76.14 21

S4  0.167 10.4 3.1 0.35 86.15 0.441 85.36 10

S5 0.125 10.48 3.18 0.38 85.96 0.371 68.27 16

Conclusions

Biochar produced from hydrothermal conversion of watermelon peels show good potential as an
adsorbent for removal of hexavalent chromium. Sodium silicate reduced the removal efficiency of
composites.
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Introduction

This study explores an integrated solution within the framework of circular economy, targeting seatall
agricultural region such as the Upper Galilee in Israel. The approach leverages local agricultural waste streams
to produce highvalue alternativeprotein, thereby closing resource loops and reducing environmental
burdens. Central to this strategy is the use of the Black Soldigdé&tynétia illucensBSF), whose larvae can
efficiently convert diverse organic waste into biomass rich in protein ahdrhe resulting BSF meal holds
promise as a sustainable protein alternative for aquaculture and potentially for human consumption.

The main objectives of this research were therefore (ip:characterize the regional agricultural waste
resources available for insect rearirfi) develop and optimize BSF feeding protocols and protein extraction
processes(iii) evaluate the nutritional performance and feasibility of using BSF meal to partially or fully
replace conventional protein sources in rodent and trout diets; @mdestablish techn@conomic models

to assess the viability of decentralized BSF production systems in the Galilee.

Materials and methods

The study encompassed several major research components:

1. Characterization of agricultural waste: A comprehensive survey was conducted to identify and quantify
agricultural waste streams in Israel, with a particular emphasis on the Upper Galilee. This effort combined
data from Ministry of Agriculture databases Wiinformation gathered through interviews with crop
advisors, packing house managers, and food processing facility operators. Identified waste streams were
further characterized by their nutritional, chemical, and physical properties based on literdaia and
existing analytical resources.

2. Development of BSF feeding protocols and diet optimization: Data from the waste survey, together with
insights from preliminary modeling, were used to formulate feeding protocol$iametia illucengBlack
Soldier Fly, BSF) larvae. Laboratsegle experiments (1 kg) were carried out to evaluate the effects of
various diet compositions on larval growth and biomass yield. Subsequently, medalerearing trials (10

kg) were performed to assess sdaldly and to conduct preliminary economic feasilyilénalyses.

3. Protein extraction and meal processing optimizatiBarallel to the feeding experiments, processes for
extracting and optimizing protein content from BSF larvae at different developmental stages were developed.
This included the separation of the larval cuticle and the use of hexane for oil extractiorprovanthe
protein-to-fat ratio in the resulting meal. Protocols were refined to maximize protein quality and yield.

4. Animal feeding trials (rodents and trouodent feeding trials were designed to evaluate the digestibility
and nutritional adequacy of BSF meal, both as a partial and complete replacement for conventional protein
sources (e.g., casein). Pellets tailored for rodent diets were produced and tesigabivth performance and
health indicatorsin addition, feeding trials were carried out on trout at two growth stadesg (juvenile)

and 100 g (fattening)to investigate the feasibility of substituting imeal with BSF meal. These trials
examined growth rates, feed conversion efficiency, and potential health benefits across both developmental
stages.

5. Modeling and economic assessmeAt mathematical model was constructed to integrate waste
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composition data with BSF growth responses, enabling the formulation of optimized-baste diets. This
model was later enhanced using machine learning technigues (Random Forest) to improve predictive
accuracy. Finally, a detailed economic analysis waducted including Excdbased sensitivity analyses

to evaluate the viability of establishing BSF facilities that utilize regional agricultural waste, considering
various operational scales, automation scenarios, and potential policy incentives.

Results and discussion

A comprehensive database was established, cataloging all types of agricultural waste in Israel with particular
emphasis on the Galilee region. This database revealed an annual production of approximately 669,964 tons
of agricultural waste, which, with apppriate feed blending, has the potential to yield around 23,449 tons

of BSFprotein per year. Building on this foundation, a mathematical model was developed to design optimal
BSF diets from various waste combinations. This model was later refined usthqenkearning techniques
(Random Forest), achieving prediction accuracy with an MSE of 6.7, thereby enhancing its ability to forecast
protein yields.

Feeding protocols based on these formulations were implemented, successfully enabling the production of
sufficient quantities of larvae to prepare pellets for both rodent and trout feeding trials. Further optimization
efforts demonstrated that the most adwntageous BSF meaharacterized by a high protein and |dat

content, was obtained from 6th instar larvae following cuticle separation and hexane oil extraction.
Digestibility experiments in rodents revealed that B&§edmeal derived from 5th and 6th instar larvae met
essential amino acid requirements suitable for both rodents and humans. However, due to the high fiber
content originating from the larval cuticle, these meals could not fully replace dietary protein but were
capable of substituting up to 37% of the protein in the diet. Notably, when the cuticle content in the 6th
instar meal was reduced, it became possible to completely replace the casein pratethifocontrol diets.
Feeding trials in trout demonstrated that BSF meal could successfully replace up to 100% of fishmeal in small
trout diets and approximately 50% in large trout diets, achieving comparable growth performance.
Nonetheless, given the current production costl#50 NIS per ton of BSF protein, full replacement of
fishmeal is not yet economically feasible. Interestingly, trends observed during these trials suggested that
BSF meal might offer additional health benefits, such as reduced mortality associateSrejitococcus
infections, warranting further investigation.

Finally, economic analyses performed through Ekeskd sensitivity models indicated that-tarm BSF
rearing on local agricultural waste becomes profitable only if farmers proceed beyond larval rearing to actual
protein production. With improved automatn, efficient spatial organization of the facilities, and optimal

time management, such operations could achieve profitability even in the first year. Moreover, reductions in
production costs, governmental support, or revenues derived from environmentaflie such as carbon
credits would significantly enhance the attractiveness and feasibility of this venture.

Conclusions

This study provides a foundation for smsdlale agricultural industries based on regional waste utilization,
requiring local cooperation and public investment. It offers a path to reduce environmental impacts and, as
costs decrease, could eventually reggafishmeal in trout farming and serve as an alternative protein for
humans. All datasets, economic models, and protocols are publicly available.
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and Rural Development.
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Introduction

Anaerobic membrane bioreactors (AnMBRS) are gaining interest in the treatment of municipal wastewater
as an alternative to conventional systems due to their ability to produce-dniglity effluent while
simultaneously recovering energy through methane darction (Ozgun et al.,, 2013)Despite their
advantages, such as the effective removal of suspended solids and path@ges<t al., 2017)and the
generation of an effluent with extremely low levels of biodegradable organic matter, AnMBRs yield effluent
with elevated concentrations of nutrients, particularly nitrogen and phosphorus. These nutrients must be
further treated prior to discharger reuse, as their presence can lead to environmental issues such as
eutrophication.

In a typical AnMBR system treating municipal wastewater, effluent may contain orthophosphate
concentrations of approximatelycg mg/L, total nitrogen (TN) levels ranging from 50 to 70 mg/L, and COD
FYR . h5mn 02y O0&Ymgllandi2? yigilL, réspetivelyn These concentrations, especially of
nutrients, exceed common environmental discharge standards and pose a significant threat to aquatic
ecosystems if released without additional treatméKianafin et al., 2021)

Microalgaebased treatment systems have shown considerable potential as a sustainablqadstent
solution for nutrientrich effluents. Microalgae possess the capacity to assimilate inorganic nitrogen and
phosphorus directly from wastewater, incorponagi them into their biomass. This biological uptake not only
reduces the nutrient load but also produces valuable algal biomass, which can be utilized for biofuel
production, fertilizers, animal feed, or even biogas enhancement through recycling into tesodic
digester(RuizMartinez et al., 2012)

Materials and methods

When employed for AnMBR effluent petseatment, microalgae are typically cultivated in photobioreactors
2NJ 2LISY LIRYyRa dzyRSNJ O2yGNRffSR fA3IKG FyR GSYLISNY
AnMBR effluent create an ideal environment for &lgeowth, minimizing competition from heterotrophic
bacteria and reducing oxygen demand. Moreover, the clarity of the effluent enhances light penetration,
which is essential for efficient photosynthesis.

For this study, twdoioreactors withworkingvolume of 1000 mL wereperatedundercontrolled light (4800

f dzySy o | yR (SYLISNI. OueNsctoOvay Rippliedl iyl & sydthetic autrient substrate,
while the other received the effluent from an AnNMBR system as the growth substrate. The degradation of
organic content, nitrogen, and phosphorus was investigated, along with the growth penfaenof
microalgae

Results and discussion

The reduction of orthophosphate Ph j we 0 = INYY 3 ywAsdaxhieved under sermontinuous
cultivation conditions in the bioreactors. The respective removal efficiencies were 80% for P an@62%

F2NI bl jad ! RRAGAZ2Y I f f & 3 mitréa§ae Rivdased by 206.7% dites CoArse©fS v (i NI
the study(ca 3 months)indicating substantial growth under the given operational conditions.
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Conclusions

The findings of this study indicate that microalgae are effective in reducing nutrient concentrations
particularly nitrogen and phosphorudn the effluent of anaerobic membrane bioreactors (AnMBRS). The
nutrient-rich composition of the AnMBR effluent prded favorable conditions for microalgal growth,
highlighting its potential as a suitable medium for pustatment applications. In addition to nutrient
removal, the system facilitates the generation of valuable algal biomass. Overall, micrbatgsk pos
treatment systems represent a sustainable and enegfficient approach for improving the quality of AnMBR
effluents.
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The implementation of a circular economy strategy within wastewater treatment systems has emerged as a
critical approach for enhancing sustainability and resource efficidndhis worka comprehensive analysis

of the circular economy framework applied to the Limassol District Local Government Organisation Sewage
Treatment Plant (STP) in Moni, Cypisupresented together with their plans for the future

By focusing on this case study, we explore the integration of innovative technologies and processes that
promote the recovery and reuse of resources, such as erardyater within the STP. The study highlights

the current operational practices, challenges encountered, and the measures undertaken to transition
towards a moresustainable operationahodel. Additionally, the possibility of applying new technologies in
view of achieving nutrients extract from wastewater is examined as part of a future guédon

The findings underscore the potential for enhanced resilience in local governance and the promotion of
sustainable urban development through the adoption of circular economy principles in wastewater
management. Overall, thisiork contributes to the growing body of knowledge on best practices and
innovative solutions for sustainable wastewater treatment in the context of circular economy initidfives.
findings suggest that establishing a circular economy within wastewater treatment can serve as a model fo
other municipalities striving for environmental sustainability and resilience in the face of growing water
scarcity challengés Cyprus and the broader Eastern Mediterranean region
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Introduction

By 2050, 68% of the global population will live in urban areas, with the Mediterranean Basin experiencing
rapid urbanization driven by environmental changes, tourism, and migration (UN, 2018). This growth will
increase water demand, wastewater generatiamd exacerbate the urban heat island effect (Rehan et al.,
2016). Naturebased solutions (NBS), such as greywater recycling througarevgy constructed wetlands,

offer sustainable strategies for water reuse and urban cooling (Boyjoo et al., 2013)s Icottiext, the

present study examines the integration of greywater treatment into vertical green systems asedfeotive

solution. By combining ornamental climbing plants with constructed wetlands, it is possible to develop green
Tl oelRSa (BAGSSERBEBAGSNI GNBFOGYSY(d aegadSvyao ¢KSas
irrigation needs while producing reclaimed water for Rootable indoor and outdoor uses.

Materials and methods

Eght vertical flow constructed wetlands (VFCWSs) were installed at the University of the Adgeaons
island,Greece Synthetic light greywater was prepared and dosed every four hours, while three plant species
Trachelospermum jasminoiddsonicera japonicaand Callistemon laevjsvere tested alongside unplanted
controls. The VFCWs consisted of sand or vermiculite media in layered systems and operated over two years.
Plant growth, chlorophyll content, evapotranspiration, hydraulic conductivity, and ovam of
physicochemical pollutants, surfactants, pathogens, and organic matter were monitored.

Results and discussion

All ornamental and climbing plants adapted well to the VFCWSs, showing no visible stress symptoms despite
receiving approximately 203 mm of greywater per day over a period of one and a half years (Figure 1).
Statistical analysis revealed that systems withdgsubstrate achieved significantly higher removal rates (p <
0.05) for turbidity, TSS, and COD compared to those with vermiculite, across all three plant species as well as
the unplanted controls.

Figure 1.Examined/FCWs after two years of operation receiving greywater. From left to right: T.
jasminoides; L. japonica; C. laevis
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a2NB2@3SNE . h5m NBY2GIt Nloiickr jagpiddii Callidteingrilaevisgstenyfsi t & K
gAGK alyR adzoaddN}GS odpn 5 y 22 YR oM p T 223 NBALIS
The mean removal percentage of anionic surfactants in the examined VFCWs ranged from 82 % to 99 %.
Statistical analysis showed that alt¢le plant species had significantly higher daily evapotranspiration values

(p < 0.05) than the corresponding unplanted systems, regardless of substrate type. Additionally, all planted
systems with sand exhibited significantly higher hydraulic conducsvife < 0.05) compared to the
unvegetated controls. After two years of operation, hydraulic conductivity decreased by 16 % in VFCWs
planted with Trachelospermum jasminoidewhereas the unplanted saridled system showed a 64 %

reduction.

Conclusions

The aim of this study was to evaluate the performance of VFCWSs in treating greywater after two years of
operation. Results showed that sabdsed systems outperformed those with vermiculite across all studied
parameters. Over the twgear period, removalates for most parameters were significantly higher in sand
systems, with some improvements also observed in vermiculite systems. Nofedalghelospermum
jasminoidesaandLonicera japonican sand substrates outperformed their unplanted counterparts in iiti

and TSS removal, highlighting the beneficial role of plants. Planted sand systems also exhibited significantly
higher hydraulic conductivity compared to unplanted ones, indicating reduced clogging. Although planted
sand systems experienced greatertaraloss,Callistemon laevishowed significantly lower losses than the
other two species. Overall, VFCWs planted with ornamental climbing plants not only enhance the aesthetic
appeal of constructed wetlands for greywater treatment but also improve sygketiormance.

Acknowledgements:The research work was supported by the Hellenic Foundation for Research and
LYy2@FGA2y 61 oCOwdL PO dzy RSN GKS GCANRBRG /Fff F2NJ
Researchers and the procurementof higie 2 i NB &S+ NOK DjgctiNumbeSy894) INI yié 0o

References

Boyjoo, Y., Pareecj, V.K., Ang, M. 2013. A review of greywater characteristics and treatment processes.
Water Sci Technol. 67, 140324.

Rehan, R.M., 2016. Cool city as a sustainable example of heat island management case study of the coolest
city in the world. HBRC J. 12, £204.

U.N. 2018. World Water Assessment ProgrammeAMster The United Nations World Water Development
Report 2018: Naturdased Solutions for Water UNESCO, Paris

55



4™ International Conference on Sustainable Chemical and Environmental Engineering
B> 4 September 2@ Thessaloniki, Greece

An Appraisal for a Sustainable Process Design and Operation for Leachate Treatment
D.Guved, E4 21 31 ND P9 ® ¥ Begta Kaya Goksii @xIdiz5 A f 6 | Rimfe Fakdcalz
G.Insél,{ @ {lafid®yOrhoh
1Departmentof Environmental Engineerintgtanbul Technical University, Istanbul, Turkey
2Dynamita SARL, 2015 Route d'Aiglun, 06910 Sigale, France
*The Science Acadenstanbul, Istanbul, Turkey
*Corresponding author emaguvend@itu.edu.tr

keywords landfill; plant-wide simulation; membrane systems; process design; operation.

Introduction
Treatmentof landfill kachatehas long been a challengee to its distinct characteristics when compared to
the municipal wastewatemyith its complex nature containinggcalcitrant organics, metals, and xenobiotics
as well aigh concentrations of organic matter and ammarBélogical processes are often preferred for
carbon and nitrogen removaHowever, biological treatment alone fails to satisfy the discharge standards
and therefore are mostly coupled with membrane separation technologlend et al., 2021 Treatment of
landfill leachate is an energgtensive process as the high organic matter and nitrogen content of landfill
leachate, resulting a high operational cost for biological processes as well as for membrane operations
Therefore, tiis important to have a thaugh understanding of the composition, variations, and degradation
characteristics of landfill leachafer a sustainablelesign ando implement effective treatment methods.

This studyaims to bring an evaluation on alternative design and operational conditions for treatment
of landfill leachate with simulations for the different scenarios whichmawide a guidance for an efficient
and sustainable design and operatiohLLTPs.

Materials and methods

The landfill site is located in Istanbul, Turkey, and has been in operation sincei#®@Bcapacity to of 2500
m3.day'. The carousel type bioreactor for biological nitrogen removal is operated as-@epitification

system with extremely high internal recirculatiodfter biological processes, aWltrafiltration (UF)
membranefor solids separatioand aNanofiltration (NF) for color, odor, hardness and inert COD removal,
were installed COD fractionsbioprocesskineticswere determined previously (B € NHzSt Sié F f o3
et al., 2025).Simulation studies were carried out with the Sumo22.1 program of Dynamita company. A whole
plant model (Sumo2) was used to simulate the effluent quality (COD, TN, TP). The LLTP was introduced to
Sumo22 program with the configuration illustrated in Figute Operational scenarios were tested for
different dissolved oxygen concentrations (DO), recirculation rate (RR) and sludge retention time (SRT) and
temperature (T).

PID controller3

Anaxid CSTR CSTRS CSTR2 CSTR3 CSTRA NlLr  Pointsep

‘yi

Figure 1LLLTP configuration in SUMO v. 22.1

Results and discussion
Bioprocesskineticswere determined through a series of batch respirometric tests and resolved with model
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studies. Figure 2 presents tH@UR profiles obtained from respirometric analyses with raw leachate

Leachate treatment plardata, belonging for about a year, were used in the simulations considering
the biomass concentratignsiudge disposal, temperaturggH, pollution loadsand air supply Aerobic
Ammonia Oxidizing Bacteria (AOB), Nitrite Oxidizing Bacteria (NOB), Ordinary Heterotrophic Organisms
(OHO) and Carbon Storing Organisms (CASTO) were taken into consideration and related parameters were
LINSGA2dzat e SadAYlIGSR O0DN@GSy SiG Ff®X HAHpOLO®
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Several dynamic simulations were carried out for different air supply modes, recirculation ratios,
temperature and SRT values to achiewestefficientprocess design and operation. Simulation results were
evaluated in comparison to existing plant operational conditiofise two major parameters that are
correlated with the nitrogen removal aeration regime/oxygen concentration in the reactor, and the
temperature increase. Contribution of MLSS dynamics and COD load can be taken into account, as well.

Conclusions
The COD fractionation of leachate is very important for the selection, design and operation of leachate
treatment. Biodegradation kinetics of organic matter directly influences the efficiency of denitrification as
well as the carbon storage metabolism.

Avery high biomass concentratias required for an efficient nitrogen removdhe temperature and
oxygen supply in the react@re the other important factors whictetermine the nitrogen content in the
effluent.
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Introduction
Hybrid systems, which have become an interesting alternative in wastewater treatment, are also included in
many studies in micropollutant removal studigs2 RT A Sol S&G | f &3 H )1 Maoviig bedRS I+ |
biofilm reactors (MBBR) are one of the most preferred processes among hybrid systems that combine the
advantages of activated sludge and biofilm processes and eliminate the disadvantages of these systems.

In this context, laboratorgcale sequential batch hybrid reactors were operated tfee removal of
diclofenacjbuprofen,naproxen ketoprofen,indomethacin anagnefenamicacid, which were selected among
the nonsteroidal antiinflammatory druggNSAIDs NSAIDs are thenost commonly detected drug groups
in wastewater treatment plants, based on the concentration levels determined in samples taken from an
advanced biological wastewater treatment plant located in Istanbul. Thus, it was aimed to see thekffect
both the aerobic treatability and the performance of the hybrid reactors in nutrient removal and
micropollutant removal in case of lofigrm feeding of micropollutants to the hybrid reactor.

Materials and methods
In the operation of the react® the cycle time was determined as 12 hours for two cycles per day. During
each cycle, the reaction phase was stirred continuously under aerobic conditions for 630 minutes. Feeding
was done within the first 30 minutes of the reaction phase. At the enchefreaction phase, before the
settling phase started, excess sludge was withdrawn from the system while the reactor was instaigeng
When the reaction phase was completely finished, settling phase, which was set asui@anstarted. At
the end of this period, the supernatant was discharged, which was set for 20 middtesdischarging the
supernatant8 Lof workingvolume wagdecreasedo initial reactor volume oft Lat the end of the cycle.

Micropollutant measurements were performed by Liquid Chromatogrdphdem Mass Spectroscopy
(LC/MSMS), which provides high precision separation and analytical level selectivity. Since the selected
micropollutants are expected to be at ng/L levels in nafsthe samples to be measured in this study and
the measurement sensitivity of the INIS/MS instrument alone is insufficient for these levels, solid phase
extraction (SPE) was performed by applying a pretreatment prior to measurement and the samples were
concentrated. In addition, pH, suspended solids (TSS), volatile suspended solids (VSS), dissolved COD,
ammonium, nitrite and nitrate parameters were monitored regularly throughout the operation of the
reactors to monitor reactor performance.

Two reactors, a control hybrid reactor andn@cro-pollutant hybrid reactor were operated for 360 and
167 days, respectively with a sludge age of 5 daysNB#&Dgoncentrations added to theicro-pollutant
NBII OG2N) GKNRdzZAK GKS FSSR 4SNB asSd a wmn >3k]| T2
ketoprofen, indomethacin and mefenamic acid to reflect the micropollutant concentratorservedin
domestic wastewater.

Results and discussion

The addition of micrepollutants with antiinflammatory properties increased the values of SS and VSS in the
hybrid reactor and there was also an increase in the amount of solid matter deposited on the carriers. While
COD concentrations in the effluent die hybrid reactors did not show a significant difference, a slight

58


mailto:ubay@itu.edu.tr

4™ International Conference on Sustainable Chemical and Environmental Engineering
B> 4 September 2@ Thessaloniki, Greece

increase in COD removal rate was observed after the additiddSéfiDsIn both the control hybrid reactor

and the micro-pollutant hybrid reactor nitrification was not fully achieved, ammonia accumulation was
observed(Figure }. With these evaluations, it was observed that NSAIDs had no chronic inhibition effect on
the biodegradation of organic matter in the hybrid reactor and on the biomass in the nitrification précess.
micropollutant measurements, removal efficiencies above 90% were obtained fopxeprmefenamic acid

and indomethacin. Diclofenac, ibuprofen and ketoprofen showed lower removal efficiencies. When the
results were compared with theeported studies, it was observed that the hybrid reactor showed a better
removal efficiency performance at low sludge age and partial nitrification compared to activated sludge
reactors at higher sludge ages.
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Conclusions

Assessment of th&SAIDs removal in hybrid systemsealed thatong termexposureto micro-pollutants

did nothave chronic inhibition effect ocarbon removaas well as nitrification processes. Moreover, partial
nitrification could be achieved at a sludge of 5 days in hybrid systems which could be only achieved at higher
sludge ages in conventional systems. These findings indicate that integration of conaéatistems with

hybrid systems is a promising approach both for removal of rpottutants andhutrients.
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Introduction

Measurement of rrification kinetics in petrochemical wastewater are critical for evaluating the
performance and viability of biological nitrogen removal processes in industrial wastewater treatment. The
petrochemical industry generates large volumes of complex effluents characterized lhbigical oxygen
demand (COD), variable pH, elevaidalS and the presence afariousinhibitory compoundgEryavuz, 2003)

These characteristics pose significant challenges to conventional biological treatment processes, particularly
nitrification, whichis sensitive to a wide range of environmental and chemical stre¢Botd, 1989).

Petrochemical wastewater typically exhibits a high organic load, with COD values ranging from 2,000 to
over 10,000 mg/land TKN ranging from 500 mgN/Ldepending on the specific production processes and
the degree of process integration. The wastewater composition varies widely and includes hydrocarbons,
solvents, surfactants, phenolic compounds, and suspended solids. Among the most critical contafoinants
biological treatment are the BTEX compounds (benzene, toluene, ethylbenzene, and xylenes),ravhich a
common in petrochemical effluents. These monoaromatic hydrocarbons are highly toxic to nitrifying
bacteria, particularly the ammoniaxidizing bacteria (AOB), and can significantly inhibit the rate of
nitrification even at low concentrations (e.g., <t@/L for benzene).

The inhibitory effects of BTEX and similar xenobiotics are due to their hydrophobicity and their ability to
disrupt microbial cell membranes and enzyme systems. These compounds are not only acutely toxic but also
persistent, especially under aerobic comaiits, where their biodegradation may be slow or incomplete. Their
presence necessitates either advanced pretreatment methods or process adaptations, such as
bioaugmentation or use of specialized microbial consortia, to maintain effective nitrification.

Materials and methods

The net growth rate is obtained by subtracting the decay rate from the maximum growth rate of nitrifying
bacteria. An insufficiently selected aerobic volume can cause a municipal wastewater treatment plant to fail
in nitrogen removal. The net growth rafean be measured under laboratory conditions, and experimental
results can be obtained withing20 days when acclimated activated sludge is used. The effluent of the
wastewater treatment plant is aerated until a constant temperature is reached in a yatketed aerobic
reactor. Then, a low concentration of biomag00-150 mg/L)is added, followed by an appropriate
FYY2YAdzY a2dz2NOS> a4dzOK Fa blj/fo 4G tSrald (62 &l YL
time. In batch reactors, the initial nitrogen concentration is adjusted to approximately 20 mg N/L.
Bicarbonatewere added at the beginning of the experimettd provide sufficient alkalinity (Melcer et al.,
2003).

Results and discussion

The table below summarizes the nitrification kinetics determined under different experimental conditions in

this study for the petrochemical industry. In Figure 1, simulation psafdpresenting microbial growth was
FTAGGSR G2 GKS SELSNARAYSydGlrft bh™ RIFEGFEZ FYyR GKS OFf A
Microsoft Excel. The results show that the net growth rétgb,) is approximately40%of that typically

observed inmunicipal wastewater (Tchobanoglous et al., 2003; Melcer et al., 208Bplications. This
suggests that inhibitory substances present in industrial wastewater may have a suppressive effect on
nitrification kinetics
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Table 1.Simulation results for nitrification kinetics

Parameter Unit Sample 1 Sample 2 Municipal WW
Growth Rate Xa day?! 0.37 0.36 0.90
Decay Rate, b day?! 0.10 0.10 0.17

The aerobic sludge age determination should be considered according to the actual measurements
carried out for petrochemical wastewaters. The design rules utilized for municipal wastewater in this case
will not be applicable for refineries. This studylwlko investigate the COD fractionation within the context
of appropriate process configuration for nitrogen removal from refinery wastewaters.

20.0 / 20.0
16.0 . /

/ 16.0
@ ] (b)

12.0
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0 5 10 15 20 0 5 10 15 20
Time (day) Time (day)

Figure 1.Batch experimental and simulated N@ofiles for petrochemical wastewater
(2 sets of experiment)

Conclusions

Accurate nitrification rate measurements and COD fractionation analysis are essential for designing and
optimizing biological treatment systems capable of withstanding the specific challenges posed by
petrochemical effluents.To enhance nitrification in petrochemical wastewater treatment, integrated
approaches are increasingly being explored, such as combining pkglscaical pretreatment (e.g., air
stripping, adsorption, or ozonation) with biological treatment in sequendiagch reactors (SBRS),
membrare bioreactors (MBRs), or moving bed biofilm reactors (MBBRguarantee the stability of
nitrification process
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Introduction
Geotextile filtration is an effective method for dewatering contaminated sediments with high water content.
It offers advantages such as rapid disposal of large waste volumes, ease of construction, and convenient
placement, and has quickly become the predel in-situ technique in recent yea&hacharet al., 2017;
Stoltz et al., 2019).

The aim of this study was to dewater the landfill leachate and biogas waste in the waste pond located in
a municipal Solid Waste Landfilly ¢ MyNJsiigé& §eotextile tube and to carry out experimental studies
to determine the most suitable conditions for the removal of the solid part with the geotextile tube and the
solid content in the liquid phase formed after dewatering by using a geotexble itiless than 2%.

Materials and methods

There different cationic polymers weresed in the experimental studiesudies were carried out using a

jar tester (Velp Scientifica FC&8hout pH adjustment. In the experimentsplymeraddition was followed

by rapid mixing at 120 rpm for 2 minutesd flocculation at 60 rpm for 15 minutes and settling for 30
minutes, respectivelyThe geotextile tube used in the studies is ACETube brand and has a tensile strength of
100x100 kN/m and a pore size of 0.425 mm.

Results and discussion

This study includ#the characterization of samples collecteddéferenttimes and depths, focusing on solids
content, dewaterability, solidiquid separation using geotextile tubes following polymer addition, and
recommendations for the most suitable operating conditiomie averagetotal solids and volatile solids
values of the sample taken from the waste pond were measured as 6.19% and 3.41%, resp&bevphy.
value was 8.53.

Experimental studies were carried out using three different dosages of cationic polymer ranging from 0.1
0.2 g500 mL Figure J. In all sets, it was found that the high solids content was retaorethe geotextile
tube (12- 15%)(Figure 3. After filtering with geotextile tube, it was observed that the concentration of the
SSn the underlying liquid phase was in the range of £2600mg /L and the COD concentration was in the
range 0f3325- 3400mg/L for all experimental sets examinétable ).
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Figure 1 Flocculatiorexperiments with cationic polymer(a) Before mixing (b) End of experiment

TG
Figure 2 After filtration with geotextile tube

Table 1. Suspended solids and COD values after filtration with geotextile tube

Cationic polymer SS COD
amount

9) (mg/L)

0.10 1210 3350
0.15 1325 3400
0.20 1600 3325

Conclusions

Solid and liquid phase separation was successfully achieved by cationic polymer flocculation using geotextile

tube with costeffectiveapproachandvery promising for practical applications.
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The Municipality of Pavlos Melas, located in the metropolitan area of Thessaloniki, carried out an extensive
air quality assessment through the installation of 14 monitoring stations in representative locations. The
network was designed to capture both b@round conditions and localized pollution, offering insights into
spatial variability and temporal fluctuations of key pollutants.

The evaluation was conducted in accordance with the EuropadiVorld Health Organization (WHO)

JdzA RSt AySad ¢KSaS FTNIYS62Nl & RSTFAyS SEOSSRIyOSa |
GKFYy op RIFE&& LISNI &@SINE Fyyddt tandp | gSNFr3ISa SEOS.
onmorethan 18 @O 8A 2y & LISNJ @SINE YR K2dz2NY & hi O2yOSyidN
threshold.

Results showed that particulate matter, particularly PM10, is the dominant air quality concern in the
Ydzy AOALI t AGed {SHSNIf adlridirzya NBO2NRSR FTNBIjdsSyi
in some locations the annual allowance ofdéys was exceeded. PM2.5 levels were also notable, with annual
averages in certain stations approaching or slightly surpassing the WHO guideline value. Seasonal differences
were apparent, with higher concentrations during winter, coinciding with residéheating activities and
unfavorable meteorological conditions that restrict pollutant dispersion.

hi2yS SEKAOGAGSR | RAFTFSNBy(G o0SKIFIBA2NE 6AGK ae@
observed at certain monitoring sites. These patterns reflected the influence of photochemical activity and
regional atmospheric transport, typical of the Thess#bbasin during warmer months. Nitrogen dioxide
concentrations were generally lower and less problematic, though in areas with dense trafficieshort
peaks approached the hourly limit, underlining the localized effect of vehicular emissions.

The spatial distribution of pollutants across Pavlos Melas was uneven. Stations situated near busy
roads, construction areas, or densely populated districts reported consistently higher particulate matter
concentrations. By contrast, stations located itbgtban areas or at schools away from main traffic arteries
often reflected cleaner background conditions. This imtranicipal heterogeneity demonstrates that
exposure levels vary significantly within short distances, emphasizing the importance of dengerimg
networks in urban settings.

Although the deployed sensors are not equivalent to referegie instruments, they provided
NBftAlFofS AYyRAOFGAZ2Yy&d 2F G(NByRax SEOSSRIyOSaz | yR
in several locations strongly suggests regularlb@K S& 2F SadlofAaKSR GKNBa
exceedances highlight cases where measurement periods or data coverage were insufficient for full
verification. Despite these limitations, the dataset effectively captured the variability and magnitude of
pollution across the municipality.

Overall, the assessment revealed that Pavlos Melas is characterized by botkaicleames and
pollution hotspots. Areas of low pollution provide a valuable reference for evaluating background air quality,
while hotspots highlight the influence of locahession sources and meteorological factors. The recurring
exceedances of PM10, PM2.5, and ozone indicate that air quality remains a significant issue for the
municipality, with direct implications for population exposure and health risks.
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The findings contribute to a more detailed understanding of urban air quality dynamics in
Mediterranean environments. They underscore the complexity of pollutant behavior at the municipal scale,
shaped by a combination of traffic density, residential hagtiatmospheric transport, and local topography.
This complexity necessitates continuous monitoring in order to capture bothtemg averages and short

term pollution episodes.
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Introduction

Solid waste management is still an issue, especially in low and riiddige countries. The case of Lebanon

is particularly interesting: in the past two decades, many investments have been done by the European Union
and other international actors to targehis problem, without reaching a satisfying solution, as highlighted

by the waste crisis of 2015; moreover, Lebanon is also suffering from land degradation, which makes every
effort towards organic waste valorisation extremely important. The presentarese(performed in 2018

within a development cooperation project) is focused on the improvement of an existing solid waste
treatment plant, providing a method for the identification of problems and the prioritisation of interventions,
with special attentio to compost production.

Materials and methods

The Ain Baal Solid Waste Treatment Facility (SWTF) was built in 2009 to serve 63 municipalities within the
Governorate of Sour by treating 150 t/d of MSW. The facility is composed of a mechanical treatment area,
where the mixed waste is divided into seviestreams: the organic waste is biologically stabilized, while the
non-organic waste is separated manually to extract the recyclables. Since its construction, the facility has
never been able to cope with the expected amount of waste and was consequertynped in 2018.
Moreover, the stabilized organic waste did not have the minimum quality characteristics requested to be
used as compost, since it originates from mixed MSW.

The Project Cycle Management (PCM) was used to identify a strategy for the improvement of the
situation. The problem tree for Ain Baal SWTF Operation and management was created to highlight cause
effect relationships and share them in an effective wayhuilite key local stakeholders. The identification of
LINPOot Sya ¢l a OF NNASR 2dzi RitzMiegtigatidn. Dat&kvaS ®llected througa Q L.
interviews with key stakeholders, and field surveys and observations done on a daily basgic&8liaind
characterization analyses were also done for a better understanding of the process.

Results and discussion

More than fifty issues were identified, ordered to create the problem tree, and gathered in seven major
threads. Therefore, a solution tree was created and general objectives were identified: 1) reduction of
odours; 2) improvement of the quality of the cqst; 3) implementation of a proper system for leachate
treatment; 4) clear description of the operation and management for the SWMF; 5) increase of the market
for the output materials. Specific objectives were identified, together with expected resudtmna,
investment and priority.
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Management
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Figure 1. The Problem Tree for Ain Baal SWTF

Table 1.General and specific objectives, actions, tipologies of investment and priorities, an example
General / specific objectives Actions Tipology of investment Priority

General objective: Odours coming from the facility shall be reduced

Specific objective: Damages to pipelines for the Biofilter 1 have been cle: Maintenance / low Urgent
Exhausted air from ACT and curir identified investment

area is correctly treated by Biofilte Air flows in pipelines have been tested Maintenance / low Medium
1 investment

Conclusions

The application of the problem tree made possible a clear understanding of-effiest chains, identifying

the source of each problem and not its most evident consequences. As an example, the low quality of
compost was addressed in the past through expengechnical interventions, while the main reason had to
0S FT2dzyR ftAGSNItfte arbd GKS a2d2NOS¢ O02NHFYAO 41 a
2 AU0KAY (GKS addzRe&3 nH FOlA2ya 6SNBE ARSYy WUBTF Hz8dRB RI
interventions, making an upgrade of the facility more accessible and feasible.

In the opinion of the authors, the use of PCM, and more specifically of the problem tree, widely used
in project design, can be extended to technical cases. This approach allows the prioritization of interventions
and can be fundamental, especially in txis where the lack of resources poses a limit to possible actions,
and every effort is needed to avoid pointless investments.

AcknowledgementsThis study is supported by the Italian Development Cooperation Agency (AICS) within
0KS LINR2SOG aDSaidAazyS LyaGaSaNridl RStEfS wAiaz2NBRS b
2016/337/000090/3).
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Abstract

The increasing generation of household hazardous waste (HHW) poses significant environmental and public
health burden globally. Effective management strategies are crucial for minimizing HHW impact and
promoting sustainable practices. This study investégaturrent trends of HHW management and
demonstrates an analysis to identify key factors of public awareness in recycling initiatives. The research
employsa comprehensive survey methodology to gather data on public perceptions, attitudes, and behaviors
concerning HHW. The analysis focsism identifying demographic and soes@onomic variables that
correlate with recycling practices and awareness of HHW risks. Findings indicate that income plays a role in
recycling habits, though the relationship is not always predise.instance, a-palue of 0.054 suggests a
borderline dependency between income and the perception of certain reasons hindering recycling and the

t KA O2STFFAOASYG 2F nomtt AYRAOFGSE& || 6Sdeion®aNNB(
income rangere more likely to report being deterred from recycling owing to specific reasons, whereas no
LI NIAOALI yvi Ay GKS b esthisadetarentifof BRW @cydiidg. yrartfern® v A R S |
study explorasthe perceived importance of establishing "green collection points" for HHW. However, a direct
correlation between income and the perceived significance of green collection paimst be definitively
established due to a high percentage (46.7%) of the expected frequencies cells tétresin the .u
independence test) being less than 5, exceeding the acceptable threshold of 20%. This limitation highlights
the complexity of analyzing such correlations and suggests the need for alternative statistical approaches or
a larger, more diverse dataset. Qa#, this research sheds light on the multifaceted nature of HHW
management, emphasizing the importance of understanding public attitudes andeommmic factors to

design effective recycling campaigns and infrastructure. The findings underscore d¢defaretargeted
interventions and educational programs to enhance public engagement and promote responsible HHW
disposal. Future research should focus on exploring these complex relationships further and developing more
robust analytical frameworks.
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Introduction

The growing volume of discardembnsumer electronics challenges sustainable development osds
significantenvironmental burdens by threatening ecosystems and human health. Printed circuit boards
(PCBs) are core components of waste electronic equipmewae), with complex chemical composition
and undisputed environmental release hazards. Many elements found in PCBgo{d,gilver, copper,
nickel zing and tin) are derived from finite natural resources and are regarded as essential drivers for th
contemporary clean energy and digital economy transitiortserefore, discarded PCPRBgesent valuable
opportunities forurban mining for their diverse and sizeable content in technologically critical minerals [1].

Traditional techniques for the recovery of minerals from waste PCBs rely on thermal treatment
(pyrometallurgy) and chemical treatment (hydrometallurgy) [1]. Available processing methods challenge the
establishment of cosefficient and environmentally coo®us ewaste management strategies due to high
energy requirements, secondary toxic waste generation, use of harsh leaching agents, and reliance on
multistage separation processes for selective resource recovery. With the advent of neoteric solvents,
eutectic liquidsand deep eutectic solvents (DE®slve gainedincreasingattention as processing and
extraction media in solvometallurgy. Their undemanding preparation from widely available organic and
inorganic precursors, customizable physical properties (e.g. pH, viscosity, density, conductivity), and chemical
functionality (e.g. acidase, redox, and chelating character) have paved the way for the rational design of
benign and selective metal leaching agents [2].

In this study, acommon typelll binary DES;onsisting of choline chloride (Ch@g hydrogen bond
acceptor (HBA) andxalic acid (OAds hydrogen bond donor (HBD) is physibemically tailored with the
addition ofethylene glycol (E@&s second HBD, at ChCl:OA:EG molar compositions of (1:1:x), whgre x=
0.25, 0.5,0.75 and 1. The effect of EG loading on the density, viscosity, and pH of the reported DESs is
examined. Control and optimal DES compositions were further used in leaching studies. Tte adffec
incubation temperature, sample mass loading, processing time under static conditions, on the selective
leaching of valuable metals from pulverized waB@Bsire studied and correlated with the physicochemical
properties of the DESs. The efficiency, selectivity, and mechanism of leaching are elucidated via qualitative
and guantitative analytical spectroscopy and separation techniques. A segpseationinduced selective
recovery of a metal salt from a leachate with a sacrificial role of the DEB leathing medium is explored.

Materials and methods
| KI'tf o0cdy20X h! 6ddz0X YR 9D O0dhhpdy:20 6SNB YAESR
stirring, until a clear and transparent liquid was form&tle DES density, viscosity and pH were measured
at room temperature. Structural analysis was performed by using complementary"A®R,NMR, and
GC/MS analysesidgarded mobile phone PCBs were crushed at 25,000 rpm forming particles elow
in size. The resulting powder was sieved into different bat¢akiag in the size ranges 500> ¥3 mm]
(batch 1) [250p n n [ (bakh 2) [125250> Y (batch 3), [66125> Y (batch 4), and 60> Y(batch 5)
The kaching studiesvere performedn a temperature range d5c n ¢ / , @ingled3taticiconkitions.
The sampldgo-DES loading was examined at 50,af%d 100 mg/mL.
For qualitative and quantitative analysis,n 1 \dilereBt Batches of PCB powders weligested in
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M Y[ Il dzldiluteédStehfolid with gelnized water for further analysis of their source metal content
and elemental distribution. All DES leachates were centrifuged, and 100 mg aliquots were digested with 1
mL ultrapure aqueous HN@70%). The metal ion content in the digested source solutions and sample
liguors was determined b)\CRPMS. FTIR, SEEDX, and XRD were performed on the selectively recovered
solid product to assess the purity, morphology, elemental composition, and phase structure.

Results and discussion

Increasing the EGontent in the ternary DE®duced the density, viscosjtsind acid characteat room
temperature elative to the binary systertrig.1ac). FTIR and NM&udies revealed that thEGaddition
disrupted the hydrogen bondg environmenbetween ChCl and O&reenyellow leachates were formed
under static leaching (Fig.1d), irrespective of the DES composition or operating condi@emS
demonstrated thatCu and Sn were selectively leached from the RSBg the equimolaDES compositign
and the leaching efficiency and yield increased with the incubagmperature(Fig.1 e,f)DESs deficient in
9D | OKASOSR t26SN) £SIOKAy3 8AStRaz ¢gA0K fSIOKIGSa
indicating reduced liquor solvation efficiency. The presende®plays a critical role gtabilizing the liquor
I 6 2 @S. Thegreenykellowleachatedormed with the equimolar systersuggest the presence obpper
and tin chloride complexeSEMEDX of the green solid product revealed-ike morphology with a co
presence of Cu and Cl as major elements and no Sn, indicating selective Cu recovery.
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Conclusions

A ternary DE8onsisting of equimolar ChCIl:OA:EG demonstrated the lowest room temperature viscosity
while maintaining an acidic character compared tede@cient DES compositions. The optimal DES
demonstratedselective Cu and Sieachingfrom pulverized wastéCBgswith leaching yields increasing with
the incubation temperature up to 66 /Copper could be selectively recovered as a chloride salt.
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Introduction

Methane is the main component of natural gas and one of the most important contributors to climate
change. Methane is responsible for around 30% of the rise in global temperatures since the industrial
revolution. Its concentration in the atmosphere contewito rise rapidly, in large part from anthropogenic
sources. Gas operators worldwide are carrying out intensive programs on the quantification of the total
methane emissions in their activities and are designing mitigation measures for methane emikkgions [

This paper presents and compares Source andfSBe@dSt Y SI adzNBYSyida 2y YSUOKIy
gas installations. The differences between the two methods are reported to improve methane emissions
understanding.

Materials and methods

Methane emissions are divided into three macro categories [2]: Fugitive emissions, Vented emissions and
emissions from Incomplete Combustion. Emissions measurements at gas installations may be performed at
Sourcelevel (Figure 1) for any individual compaong3] or at Sitelevel (Figure 2) using Drones or other
techniques. Results of measurements using these two different methodologies are compared in terms of
their Uncertainty. Valuable considerations are made to improve the emissions understanding.
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Figure 1.Sourcdevel methane emissions Figure2. Sitelevelmethane
emissions measurements (LDAR survey) measurements using
Drones
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Resultsand discussion

Sitelevel methane emissions measurements are conducted independently of the Seuetesurveys at
various gas installations of DESFA SA. Among sources of discrepancy between the sum-Ev8bante
Sitelevel measurements are different operating ditions at the time of measurements, different leaking
population due to repairs or new leaks, weather conditions, limitations of emissions detection techniques.

Conclusions

The object of this paper is the comparison of Sodese! (bottontup) with Sitelevel (topdown) methane
emissions measurements implemented at various gas installations of DESFA SA.

Source and Siteevel methane emissions detection methodologies are very different, making their
comparisorachallengindask.Sitelevelmeasurementsvith Droneflightsprovideaquickestimate but they

are not able to precisely locate the Source of the emissions.
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Justin Khong, and Chirangano Mangwandi*
{ OK22f 2F |/ KSYAAUNR 3 /KSYAOFf 9y3aAYSSNAyYy3I:
Stranmills Road, Belfast, BT95AG, United Kingdom
Corresponding author emait.mangwandi@qub.ac.uk
keywords:pharmaceuticalshiochars adsorption synthetic wastewaterpyrolysis

Introduction

The removal of pharmaceuticals such as carbamazepine from wastewater effluents prior to discharge into
natural water bodies is critically important due to its environmental persistence, documented ecotoxicity,
and broader implications for ecosystem and hammhealth. Carbamazepine exhibits high resistance to
degradation in conventional wastewater treatment processes, resulting in its widespread detection in global
aquatic environment¢Patel et al. 2019)This persistence facilitates bioaccumulation and chronic exposure,
causing significant harm to aquatic organisms. Studies confirm sublethal effects, including endocrine
disruption, reproductive impairment, altered behaviour, and reduced viability in fisrertebrates, and
algae(Fent, Weston, and Caminada 200&khough carbamazepine itself is not an antibiotic, pharmaceutical
effluents frequently contain genuine antibiotics alongside other bioactive compounds. The discharge of
antibiotics into waterways is a major driver of antimicrobial resistance (AMRUtisgdor resistant bacteria
and enabling the proliferation of antibiotic resistance genes (ARGS) in environmental microbial communities
¢ posing a substantial threat to public hea(fBengtssorPalme and Larsson 2016)

Furthermore, carbamazepine recurrently contaminates drinking water sources due to inadequate
removal, presenting potential chronic exposure risks to humans; however, the full health implications
necessitate further researctaus der Beek et al. 2015)he precautionary principle mandates proactive
removal, reflected in regulatory frameworks such as the EU Water Framework Directive, which includes
carbamazepine on its "Watch List" due to environmental concerns (European Commission, 2020). Effective
elimination requires advanced treatment technologies, including ozonation, activated carbon adsorption, or
membrane filtration. Failure to remove such persistent pharmaceuticals risks irreversible ecological damage,
exacerbates the global AMR crisis linkecitdibiotic residues (UNEP, 2023; WHO, 2015), and compromises
water security.

Recent studies have explored biocHmrsed adsorbents for carbamazepine (CBZ) removal. Allgaeed
NaOHactivated biochar demonstrated a high adsorption capacity (118.4 mg/g), primarily threbghdihg
(Zhang et al., 2023). A polypyrrole/graphene oxiddm seed biochar nanocomposite achieved >97% CBZ
NEY2@Ff @®VKESNI OGA2ya |yR StSOGNRAaGIGAO GAONF OGA 2
exhibited variable CBZ adsorption capacities @14649 mg/g), with higher activation temperatige
enhancing performance (Stoykova et al., 2013). Pine sawdust biochar, initially used for heavy metal
adsorption, removed >80% of CBZ through combined adsorption and photodegradation (Yukhymchuk et al.,
2024). These findings underscore the potential ofch&rbased materials for sustainable pharmaceutical
removal.

In the current study, biochar adsorbents were synthesised using hydrothermal conversion and
conventional pyrolysis. The performance of these biochars for pharmaceutical pollutant adsorption was
evaluated using carbamazepine as a model contaminant.

Materials and methods

Preparation of the potato peel adsorbent via Pyrolysis

Biochar samples were produced from dried potato peel powder using potassium hydroxide as an
activation agent, under different conditions of reaction time and KOH ratios keeping the reaction
temperature at 400c /Pyrolysis reaction time was either 2 or 4 hours, whilst the KOH/ biomass ratio was
either 1:1 or 2:1. The samples produced by pyrolysis are names using the conventisYRMRwhere X
represent the parts of KOH by mass and YY represents pyrolysismeane for instance, a sample produced
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with a feedstock with KOH : biomass ratio of 2:1 and reaction time of 2 hours would be nam2&RM¥R
Preparation of the potato peel adsorbent via Hydrothermal Cracking

Hydrochar was produced in an autoclave reactor vessel from dried potato peel powder with distilled water.

During the hydrothermal conversion the reaction temperature was kept constamtratnwehile varying the

reaction time (1 or 25 hours) and weight /volume ratios of the biomass to distilled water (1:1 or 1:5).
Adsorption study

50 ppm aqueous solution of carbamazepine were produced from 1000 ppm stock solution by dilution and pH

adjusted to 6 using HCI and NaOH. 10 ml of the CBZ solution were transferred into a 4 20 ml glass vials

followed by addition of 10 mg of each of the adsent. The vials were put on a shaker at room temperature

and contact time was 24 hours. After 24 hours the concentration of CBZ remaining solution was determined

using UWIS spectrophotometer at wavelength. The removal efficiency and CBZ uptake ofstrbeat

were determined.

Results and discussion

Figure 1 (a) and (b) show the CBZ removal efficiencies and CBZ uptake or samples produced through

hydrothermal conversion. The removal efficiencies of between 73 and 89.5 % were achieved. The CBZ uptake

of the samples was between 36 and 45 mg/g. Figu® arfd (d) show the CBZ removal efficiencies and CBZ

uptake or samples produced through pyrolysis respectively. The removal efficiencies of between 55 and 100

% were achieved. The CBZ uptake of the samples was between 27 and 50 mg/g.

(a) 50 (b)

40

Adsorption Efficiency, (%)
Qe , (mg/g)
N w
S 8

o

o

HTC1-2hrHTC1-25hrHTC5-2hHTC5-25hr HTC1-2hHTC1-25hrHTC5-2hrHTC5-25hr
Sample Sample

(c) (d)

Adsorption Efficiency, (%)
Qe , (mg/g)
8

PRYR1-1 PRYR1-4 PRYR2-1 PRYR2-4 PRYR1-1 PRYR1-4 PRYR2-1 PRYR2-4
Sample Sample

Figure 1.(a) and (b) Adsorption efficiencies and CBZ uptake of hydrothermal conversion biochar(c) and
(d) Adsorption efficiencies and CBZ uptake of pyrolysis potato peel biochars.
Conclusions
The potato peel based biochars produced from both methods show good potential for use as adsorbents
for pharmaceutical remediatiotdowever more work has to be done in terms of optimization of both process
to improve the performance of adsorbents.
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Introduction
The combustion of fossil fuels is the main contributor to rising greenhouse gas concentrations in the
atmosphere, which in turn drives global warming. To mitigate the harmful impacts of climate change, there
iS an increasing imperative to pursue N&tro emissions and explore lowarbon alternatives. The UK
became the first major economy to legally commit to achievingzagb carbon emissions by 2050, publishing
a comprehensive strategy outlining policies for a decarbonised economy Achieving this geaitates
major changes in the energy sectararticularly the decarbonisation of heating and electricity, which
O2yiNROGdzGS wM: FYR mm: 27F O KSepartivetdor EderdyiSetylrity S Wata & A 2
Zerg2025)¢ KSNBF2NBs OdzidAy3a / hi SYAaarzya FTNRY o0dzAf RA:
phasing out natural gas boilers, with key decarbonisation strategies including the electrification of heating
and the use of hydrogehased systemgHM Government, 2021ajn this r@ard, hydrogen plays a critical
role in lowering the environmental impact of energy systems, either by replacing natural gas directly or by
serving as an energy carrier for renewable energy sources.

Over the past decade, energy system models focused on heat decarbonisation have gained significant
attention in academic researcMany studies have employed mathematical modelling to assess the effects
of heat sector electrification across various case studi¢zanaet al, 2023; Charitopoulos et al. 2023)
Additionally, the shift toward a hydrogdmased heating infrastructure has been explored through
optimisationbased approachegSunny et al., 2021; Efthymiadou et al., 2024, Efthymiadou et al. 2025).
Nevertheless, analysing the energy system as a whole is crucial for a comprehensive understanding and to
inform strategic decisions about the future energy ifitan et al., 2022; Bounitsis et al., 2024).

Materials and methods

In this study, we introduce a spatially detailed, mpkiriod Mixed Integer Linear Programming (MILP)

framework designed to support infrastructure planning for achieving-Z&b emissions in the heat and

power sectors. Great Britais divided in 13 regionaligned with local gas distribution zondhus, spatial

resolution is incorporated iheat and powerdemandas well agenewableavailability Moreover, a mult

scale temporal resolution is adopted, combining decadal time steps for-tiong planning with

representative days within each period to capture operational variability. Each representative day is

modelled at hourly resolution to accurately reflect fluctuations in energy demand and resource availability.
The mathematical frameworkccounts for both hydrogebased and electrification pathways, jointly

optimising investment and operational decisions to generate insights into the performance of future energy

systems. Given the high spatial and temporal resolution and the broad rang~ ~*

technologies included, the model faces considerable computational comple

To manage this, we apply advanced decomposition and clustering methods 20

maintain solution quaty while improving computational efficiency.

Results and discussion !

A case study is presented to illustrate the applicabditthe modelfor planning

heat and power infrastructure in the Ukom 2030 t02050. By leveraging real

world gas consumption data, we conduct a detailed assessment of the opt'Figu"r*e"gf Heat mix in 205(
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role of hydrogen and identify strategic investment priorities across domestic, o
commercial, and industrial heating sectaising to clarifjthe potential of hydrogen ire ... & -
decarbonised energyystem. Fal 2

The role of hydrogen in the energy mix becomes increasingly significant over ,
Figure 1 illustrates the projected heat mix in 2050, where hydrogen accounts - o
approximately 28% of total heat supply. Hydrogen production capacity grows from 22 7
in 203 to 107 GW by 2050, with the majority of infrastructure investments concentra
in northern and eastern England. The predominant production technologies are refern
based, particularly steam methane reforming and autothermal reforntiogpled with
carbon capture and storage (CCS) while an additional 8 GW of biomass gasifia#tiol
CCSs also deployed.

¢2 SylrotS GKAa GNIyairldraz2ys RSRAOI G Sy
developed. Figure 2 depicts the hydrogen transmission infrastructure in 2050, w -, -
connects most regions across Great Britain, facilitating interregional hydrc,gi"‘urez. H ’drcm en pibeline.
Ft2od {AYAfFNI&S /hi LALISEAySa | N OUesTYCOISNPIBEING o ¢ &

. . ; . ) in 2050
storage sites, with three reservoirs located in the North Sea and Irish oca

identified for longil SN / hi aSljdzSaidNI GA2yd ¢KS&aS RS@St2LIVSyi
deployment oflow-carbon hydrogen technologies and ensure the viability of a decarbonised energy system.

Conclusions

A multiperiod optimisation model with detailed spattemporal resolution is developed to capture

St SOUNROAGE YR K@RNRISY LINRPRdAOGA2yS aid2N)r3IST | yR
carbon hydrogen mainly from reforming or biomass gasification with C@Rys acrucial role in
decarbonising heat and poweDverall, he model provides key insights for leteym energy policy planning.
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Introduction
¢ KS 9dzNBLISI Yy ! déplogmea af AkfactoredSreliasiegadly on the rapid expansion of large,
energyA Y 1 Sy aA @S Rl Gl OSYUiUSNE® ¢KAa &dzZNHS Ay St SOGNR
power grid and could significantly delay the achievement of its 205&aettarget[1]. In 2024, European
data centers consumed an estimated P@/hof electricity, representing approximateBpoof total demand.
This figure is projected to rise to 168hby 2030 and 23GWh by 2035, a nearly 1560ld increaseof the
current consumptiorf2]. Although estimates vary, recent analyses by ICIS and the IEA consistently identify
data centers as one of the fastegtowing electricityconsuming sectors, with demand expected to exceed
that of electric vehicles and building heating by 2030

9! Q& I LILINE:@hattoriesPlaninkE&brubry 2025mprising multiple sites across Eurgpeuld
significantly influence the spatial dynamics of léagm grid development. This raises a critical questhuat
how will Al Factoriewillimpact9 ! Qa DNBSy 5SFfK ¢2 | RRNBaa (KA4&axX ¢S
based framework to assess the effects cRAINKA @Sy St SOUG NRK OA G &terR fower gyBten2 y 9 d;
development, while ensuring alignment with emission reduction targets thr@0Ho.

Materials and methods

This research aims to investigate the impact eflden electricity demand under multiple scenarios on the
spatial and temporal dynamics of power grid development adfus&U To this end, a lonrterm generation
and transmission expansigeianning model has been developess a Mixeednteger Linear Programming
(MILP) problem with an annual resolutigd]. For calibration purposes, the latesiTenYear Network
Development PlanninglY NDPprojections are used as a reference pathwaj, enabling a comparative
assessment of how Alriven demand growth may alter or delay planned grid development trajectories
across Europe.

The proposed optimization model aims to minimize the total system cost, including investment costs for
generation and transmission, fixed and variable operating costscastl carbon emissions costs, and the
cost of unserved enerd$]. To capture the potential impact of Al demand, four scenarios are consi@deared
presented in Table 1.

Table 1.Forecasted Al demand for different scenarios in TWh

Year IEA ICIS McKinsey Ambitious
2040 212 466 1625 2242
2050 357 1033 3251 4851

Results and discussion

Table 2 presents the total installed generation capacity under all Al demand scenarios, compared to the
TYNDP projections for 2040 and 208@der the conservative scenario, approximately 68 GW of additional
capacity is required by the end of 2050, while in the ambitious scenario, this figure risds10G\W.

To assess the impact of-ddiven demand on energy planning, the total installed capacity of key
G§SOKy2t23ASa Aa 02YLI NBR Thisdigule yhdidatesiinét$he plandeSrat©df ga§ A y
technology phaseut T a central target in 2050 energy planningdeclines across all Al scenarios, which
may serve as a warning sigks expected, the additional demand is primarily met by solar and wind across
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scenarios. However, the increase in nuclear is particularly notable in the McKinsey and Ambitious scenarios.

Table2. Total installed capacity results for 2040 and 2050

Total Installed Capacity (GW)
Year Without With Al
Al IEA | ICIS | McKinsey| Ambitious
2040 3,400 | 3,472 | 3,498 3,765 4,825
2050 4,041 | 4,109 | 4,227 4,626 5,502
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Figure 1.Comparison of total installed capacity of key technololgie050 under different scenarios.

Conclusions
The EU's 2050 negero goals may be threatened by the fast growth

of Al industries, which is becoming a

significant contributor in Europe's power use. T$tisdy shows that major capacity shortages might appear
as early as 2032 if present grid growth plans are not modifiéeeting highgrowth Al scenarios would
requirean additionall344GW of renewable energy (solar, wind on/offshorE35 GW of H2CGT and CEGT
CCS, and®GW of nuclear. Additionally, crebsrder power interchange would need to expand 2§%.
These resultdemonstrateurgently longterm energy planning must incorporate-édiven demand estimates

in order to protect thegreendeal.
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Introduction
Water, energy, food, and ecosystems represent essential and interdependent systems that together
constitute the watecenergyfoodcecosystem (WEE) nexusEffective and sustainable management of
these resources is essential to address the increasing demands of a growing global pofBiéeiliem et al.,
2011) Population growth, climate change, and economic development have exacerbated stress on water
resources, highlighting the need for integrated and optimized management stratégie$ NI a Y NI & S
2000). Conventional approaches to water resouseceanagement frequently prioritize singular objectives,
which can result in inefficiencies and intersectoral conflicts among energy production, agriculture, and
environmental conservatiofLoucks and van Beek, 201IRlegrated Water Resources Management (IWRM),
in alignment with the WEE nexus, provides a systemsented and multiobjective framework for
effectively addressing these complex interdependenfi&sgg, 2019).

In this study a new simulatieoptimization framework, which was designed for supporting IWRM in
complex, multiobjective contexts across river basins, is introdudédte developed tool was applied to a river
basin for the investigation of WEEFnexus.

Materials and methods
Sustainable Water Optimization Tool (SUW@)ich was developed by Yaykiran and Ekdal (2025), was used
for Waterq Energyg Foodg Ecosystem Nexus assessment in this st8tWO isin openrsourcesimulation
optimization frameworkthat is based orPythonfor the management ofvater-resourcesat basinscale
SUWO emplay multi-objective genetic algorithms (MOGA), such as Wominated Sorting Genetic
Algorithm Il (NSGA) and NSGAI, for generating Paretoptimal solutions and enabling trae#f analysis
among water uses, which inclusisimulations of reservoir operations, hydemergy production, irrigation,
and flow regulation. SUWO conducts scenario analysis for evaluating management, climate, and
environmental scenarios. It alszan carry outmulti-criteria decision making (MCDMhalysisto address
complex problemsvith competing objectives, helping decistamakers find compromise solutions.
{F1FNBF wA@SNI .wasisklgttedas the study arghat dsiapidly dievefopinginderwater
infrastructure development, hydroelectripower plants (HEPPSs), and irrigation expangiogssures. The
basin has a drainage area of 58,160°km ¢ KA OK O2 NNBaL}RyRa | LIWINREAY!I (5f¢
Major landuse in the basin is agriculture with 53% of the basin area, where forestsfesmal areas are
the second highest landse type with 44%, and the remaining part of the basincisuped with artificial
surfaces. The water demand for irrigation and domestic use was estimated as 2034nHn689 hrj,
respectively. 13 different scenarios, including management scenarios, hydrological conditions and
environment management classes, were developed and applied to the study area for the optimization of
water allocation. Following this step, the SUYBBB moel results were compared based on the energy,
irrigation and ecosystem objectivesThis comparison was conducted to elucidate the intricate
interdependencies within the WHE nexus, with a focus on identifying trad#s and synergies among
alternative water management strategies.

Results and discussion

The optimization results of four management scenarios, and for different hydrological conditions and
environment management classes are presented in Table 1 considering hydropower generation, irrigation
supply ratio and ecological deviation.
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Tablel. Optimization results for the SUWERB model

) Hydropower generation| Irrigation supply Ecological
Scenario (GWh) ratio deviation
Balanced allocation 1836 0.96 0.13
Management scenarios Maximizing energy 1909 0.87 0.14
(NSGAIY® Sustainable irrigation 1749 1.00 0.08
Ecocentric approach 1795 0.92 0.07
Balanced allocation 1846 0.96 0.11
Management scenarios Maximizing energy 1887 0.89 0.13
(NSGAIIp Sustainable irrigation 1794 0.99 0.08
Ecocentric approach 1781 0.93 0.08
Normal year 1839 0.99 0.12
Hydrological conditiorfs Wet year 2196 1.09 0.49
Dry year 1272 0.86 0.14
A: Natural 1882 0.90 0.08
B: Slightly modified 1846 0.96 0.11
EnvironmentManagement | C: Moderately modified 1793 1.00 0.49
Jasse$ D: Largely modified 1786 1.04 1.39
E: Seriously modified 1788 1.05 2.97
F: Critically modified 1763 1.06 5.46

INormal year, EM®;?Normal year, EM®B;°EMGB, NSGA, Balanced AllocatioiNormal year, NSGK, Balanced Allocation.

Different management scenarios yielded varying outcomes across theBEWEkus¢ KS dal EA YA T
9y SNHe&¢ aoOSyl NA23 NBa dzheineBaion buy rediidédthe KaveAdei§adidn suiplyR N2 LJ2
NFGA2 O2YLI NBR (2 NNAKSF (0 & 2 gesKiS sAAGDYWENR D | LILIER | OK ¢
environmental performance but with mixed effects on hydropower and irrigation. Nothbti, NSGAI and
NSGA Il exhibited similar trends across these scenarios, despite dlifftences in their results.

Hydrological conditions significantly influenced system performance. Wet condiédrie a substantial
increase in hydropower generation and an increaseidation supply ratioHowever, this also resulted in
the highest ecologicaleviation, indicating potential adverse impacts on the ecosystem. In contrast, dry
conditions caused a significant reduction in hydropower generation asiekceease in the irrigation supply
ratio, highlighting the vulnerability of these sectdoswater scarcity.

A clear trend of increasing ecological deviation is observed as EMCs progressM@mto EMCF,
demonstrating a strong negative correlatibatween ecosystem health and human intervention. Conversely,
the irrigation supplyatio exhibits a positive correlation with EME®wever, hydropower generation follows
a negative correlatiohighlighting a tradeoff between energyroduction and ecological preservation.

Conclusions

PLILX AOIFGARZ2Y 2F {!2h G2 GKS {w. RSY2yaaN}{iSa G§KS 7
management strategies under competing demantishough SUWO is a newly developed and-stiilving

tool, a general comparisonith existing models can be made based on its core characteristics and intended
functionalities.Future development of SUWO will prioritize enhancing its performance, usability, and
applicability across diverse basin contexts to better support integrated-BvilBBnagement.
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Introduction

In thispaper,a decision support system thastdesigned for shallow lakes under the impact of eutrophication

and climate change is presented together with its appllcatlon to a hypertrophlc(Mkeyas Lakefhat is
f20FGSR Ay (GKS y2NIKgSAGSNY LINI 2F GKS wSLlzft A0
decades due to the cultural eutrophicatio@limate change is considered as another treat adding to
eutrophication.The lake that is an important breeding area for many bird speciegkhss one of the major

resting area for migratory birds is under the impact of mainly diffuse emission sources of nutrient and is
classified as hypertrophic according to the countries water quality regulateaching an average TSI of 78
FOO2NRAY3I (G2 GKS wS3dzA dAz2ya 2F wSLldzotAO 2F ¢NNJ A

Materials and methods
As by any conventional decision support system (DSS), the DSS in this study is designed to provide the
decision alternatives for the decision maker, who is defined as a group of relativelsahighd lureaucras
who would formulate the suggestion for setting targets towards higher levels in the administrations
eventually reaching the level of policy makers. Therefore, the decision problem in this study is defined as
caiming feasible and sustainable trophic statfsan arbitrary shallow lake under the impact of cultural
Sdzi NP LIKAOI GA2Y YR OfAYIGS OKIy3aSéo

Considering the relatively scarce financial resources allocated to solve environmental problems, the cost
minimization of environmental measures is considered as the objective and the environmental quality is
considered as the constraint that must be filéfil for any acceptable decision. The output of the DSS is the
so-called payoff matrix as given in Figure 1, where each outcome is cost minimized group of diffuse nutrients
pollution countermeasures using operation research methods.

FORCING, ECONOIVIIICAL CONDITIONS

WATER BUDGETS RELATED TO CLIMATE CHANGE DEFINED AS THE STATES OF NATURE
ALTERNATIVE
State of Nature 1 |State of Nature 2 |State of Nature 3 .. |State of Nature n
__________ st
Alternative 1 | Outcome, ; Outcome, , Outcome, 3 Outcome, , I
Alternative 2 | Outcome, , Outcome, , Outcome, 5 Outcome,
Alternative 3 Outcome; ; Outcome;; Outcome; 3 Outcome; ,,
]
Alternativem ] Outcomeg | Outcomeng | Outcomeps |_-. [ OQutcomep, |
J

| |
DESIRED TROPHICAL STATUS ~ COSTS OF THE MEASURES AGAINST EUTROPHICATION

Figure 1.The payoff matrix as the output of DSS
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Following the operation research approach tB&S aims the minimization of initial investments and
continuous annual expensekefining the total annual cost as the objective functenmd utilizes the trophic
status and related water quality as the main constrajrdsfining the Carlson trophic state index (TSI)
(Carlson, 1977) as the constraint function along with the basic design parameters for pollution
countermeasures as the decision variables. The infrastructure calculating the values of the objective function
is based on the algorithmic sizingtbé engineering structures reducing the nutrient loads into the lake and
using the unit costs of nenegligible cost items and macroeconomic parameters such as the discount rates,
whereas the value of the constraint function is calculated using a4massce model with total nitrogen,
total phosphorus, chlorophylA and detrital organic carbon as the state variables and Secchi disc depth as
the derived variable. The ndimear nature of response of both, the objective and the constraint functions
to decison variables necessitated the utilization of the Harear mathematical programming to solve the
operation researckbased minimization problem to form the payf matrix illustrated in Figure 1.

As stated in the introduction, the case study area on which the decision support system was applied is
a shallow lake classified as hypertrophic by the latest upddted S 3 dzf  GA2y 2F { dzNFI O
Lz f AAKSR Ay GKS h¥FAOALE DI T Si $he aufilowd Kod they BKeldzo £ A
related to water budgets for different climate scenarios as defined by the states of nature in thaffpay
YFEGNRAE 6CA3TdzNBE MO dzaAy3d GKS 2dziLidzia 2F Ilrolodidhls @A 2 d
processes were calculated for different climate scenarios to construct water budgets of Manyas Lake.

Results and discussion

The main results of this studyethe successful development of the DSS and its successful application on the
decision problem of aiming feasible and sustainable trophic status of the case study area based on Carlson
trophic status index (TSIhe outputs of the DSS were used to develop the cost curves for phosphorus and
nitrogen reduction. Because the lake was phosphorus limited the system designs were focused on
phosphorus control, where the nitrogen control efficiency was a secondary aepiinding @ phosphorus

control efficiency, eventually reaching an estimated phosphorus and nitrogen reduction of 76% and 63%
respectively. According to these nutrient load reductions expected Carson TSI valué4oiviB an annual

cost of 42 million of Euros arejeected.

Conclusions

The main conclusion is that even though the related lake will stay eutrophic, the probability of a hypertrophic
state can at least be reduced drasticaBgtting a target TSI range of-68 can be recommended. This range

is still eutrophic; however, it corresponds to a much higher ecological state compared to TSI 78 keeping in
mind that the TSI value is based on logarithms meaning that each unit increages doy an exponential
increase of relevant nutrient and chlorophyll concentrations. Further dedafiggiven in the full paper and

will be presented in the conference.
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Introduction

Sustainable management of municipal solid waste (MSW) is a key priority for regions aiming to meet the
9dzNRB LISFY | yA2y Qa OANDdzZ I NJ SO2y2Ye (I NASGad / &LINHz
increasing waste generation, is under pressur@pgrade its waste infrastructure. This study focuses on the
Integrated Waste Management Facility (IWMF) in Koshi, which serves the districts of Larnaca, Famagusta,
and since 2018, Nicosia. The facility currently handles over 260,000 tonnes of wastdlyanmitia the

majority being mixed MSW.

The main objective of this study is to evaluate alternative technological scenarios for the future operation of
the Koshi IWMF, assessing their performance in terms of material recovery, energy production,
environmental impact, and economic feasibility.eThcenarios were designed in line with the national
Municipal Waste Management Strategy (2Q2027) and the targets for 2025 and 2030.

Materials and methods

Six technological scenarios were developed, combining mechanical sorting, aerobic composting, anaerobic
digestion (AD), biodrying, thermal drying, and thermal treatment (incineration). Each scenario assumes
separate collection of recyclables and biowasmth projected quantities based on national strategic
estimates for 2025: 170,449 t/y of mixed waste, 75,755 t/y of sosegearated biowaste, and 35,281 t/y of

other recyclable streams.

Mass balances were calculated for each scenario using established yield assumptions: 43% of mixed waste
as RDF, 35% as biodegradable organics, and 12% recoverable recyclables. Biogas yield from AD was assume
FG Myn YwkdG2yyS 27F 0 A2yBR a0256S NG A6/ K tQ)2 YDAYWSSNI KA YT |
12KkYw OGKSNXYIFfO® /2YLl2ad @8AStR gla SadAYFGSR i

Capital (CAPEX) and operational (OPEX) costs were estimated using data from EU benchmarks and
previous studies. Environmental performance was evaluated based on landfill diversion, energy recovery,
and the amount of products requiring market outlets (eRQF, SRF, compost).

Results and discussion
Scenario | represents the baseline approach, involving mechanical sorting, ga@i®sses composting,
and RDF export to industry. Scenario Il introduces AD for biowaste withb@Hitains RDF export. Scenario
Il and IV integrate thermal treatment (incineration) for RDF/SRF onsite, with 11l using aerobic composting
and IV using AD. Scenarios V and VI employ thermal drying instead of biodrying for improved RDF quality.
Among the alternatives, Scenario V (mechanical sorting + composting + thermal drying + incineration)
emerged as the most balanced in terms of landfill diversion (6%), energy production (494 GWh/year), and
operational cost. Scenario Il demonstrated stromyieonmental performance through biogas generation
but required higher investment and showed dependency orsttd RDF handling.
By normalizing the quantitative values of each criterion (scemdfist to 10best), the overall score of the
alternative technological scenarios is obtained. The overall score of each scenario is calculated as the sum of
the individual scores without these of weighting factors.
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Table4.Normalized criteria scoring of alternative technological scenarios

Criteria Quantity
of
Quantity | products
of for .
products| disposal| Energy oél)i;sgsgll CAPEX| OPEX TOTAL
to find a | (SRF, RD|
market in
industries
Scenarios or landfills
L [2YLRAGAYT “F 2NHIFIYAO 61 aGSk aSOKIyAOlFt &2 Nl-ktgsive? |
industries
| 10 | 1 | o | 1 | 10 | 10 | 32

Il Anaerobic Digestioiif organic waste / Mechanical sorting of mixed waste + Biodrying + Disposal of RDF / SRF in-en
intensive industries

| 88 | 1 | o055 | 1 | 774 | 602 | 2515
Il Composting f organic waste / Mechanical sorting of mixed waste + Biodrying + Disposal of RDF / SRF in a thermal
treatment unit within the Koshi IWMF
10 | 10 | 355 | 10 | 326 | 498 | 4178
IV Anaerobic Digestiohf organic waste / Mechanical sorting of mixed waste + Biodrying + Disposal of RDF / SRF in a
thermal treatment unit within the Koshi IWMF

| 883 | 10 | 355 | 10 | 1 | 1 | 3438
V Composting f organic waste / Mechanical sorting of mixed waste + Thermal drying + Disposal of RDF / SRF in a the
treatment unit within the Koshi IWMF
10 | 10 | 10 | 10 | 423 | 574 | 4997
VI Anaerobic Digestiohf organic waste / Mechanical sorting of mixed waste + Thermal drying + Disposal of RDF / SRF
thermal treatment unit within the Koshi IWMF

| 88 | 10 | 10 | 10 | 135 | 162 | 41®

According to the tablebove, it appears that the prevailing scenario for the upgrade of the OEDW Kos
facilities isScenario Which includes:
U compostingof organics separated at source by utilizing the existing infrastructure,
U mechanical sortingof mixed waste and other recyclables separated at source for the recovery of
materials (with a small expansion of the existing unit) and
U installation of a thermal treatment unitfor the production of renewable energy by utilizing the excess
thermal energy for drying the organic fraction.
Scenariolli follows, which envisages the installation of a thermal treatment unit without the use of
thermal energy and the installation of a biodrying unit for the productioBRf
It should be noted that even if the ambitious targets for source separatparticularly of organic
waster set by the 202§2027 waste management strategy are not fully achieved, Scenario VI (which ranked
similarly to Scenario Ill) retains operational flélp to handle increased volumes of mixed waste.
Specifically, the installed composting unit can be repurposed for biodrying processes to produce Solid
Recovered Fuel (SRF), which can be directly sent for thermal treatment.
The comparison of scenarios shows that while incineraliased solutions deliver higher energy outputs
and landfill reduction, their success depends on stable energy markets and emission control compliance. In
contrast, biological routes (composting, Afdfjer modular, lowesrisk options but require robust endse
strategies for compost and digestate.

Conclusions
The integrated assessment reveals that a hybrid approach combining biological treatment for-source
separated organics and thermal valorisation of higtorific residuals provides the most resilient and
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sustainable waste management pathway for Cyprus. Scenario V, in particular, leverages existing
infrastructure while aligning with EU recovery and landfill targets. Its flexibility allows adaptation to future
fluctuations in waste composition or policy clipes.

The findings support the need for targeted investment in thermal treatment infrastructure and
enhanced source separation to reduce reliance on landfilling. Future work should include sensitivity analysis
for market outlets of RDF/compost and potential igtation of carbon capture technologies.

AcknowledgementsThis work is supported by the LIFE IP CYzero WASTE (ui5&&0 IPE/CY/000011
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Introduction
Our oceans contain roughly 25 million tonnes of plastic waste. Over 90% of all marine litter is located on the
seafloor, making it difficult and expensive to collect. While plastic pollution affects all waters across Europe,
the Mediterranean is the mostfected sea due to its seng@inclosed basin and the intense human activities
taking place on the surrounding coastal areas. There is nesizedits-all approach to addressing marine
litter. Concerted actions, combining legislation, technology and seaiaomic tools are required to ensure
that there is a paradigm shift in the way materials that end up as marine litter are produced, consumed and
YEyF3aISR G4 GKS SyR 2F GKSANI fAFSE yR GKIFIG afS3ro
The SeaClear2.0 projgetww.seaclear2.e)is developing an integrated approach to address the full cycle
2F YIFENRYS fAGGOSNIAY | gle (GKFG At KSELI YSSG (GKS
and preserve the health of our oceans, seas and water by 2030. This apprdadesntie development of
an autonomous team of robots that can detect and collect seabed and floating éittdrthe development
of recommendations for policy interventions that can help prevent and minimise marine litter as well as
support technologies and innovations to restore affected areas and mitthatenpactof marine litter.
This paperpresents an analysis of the policy framework that affects seabed marine litter (sources,
prevention, collection, reuse/recycling) and relevant clegnoperations/technologiesnd identifiesgaps,
barriers, opportunities, synergies and coherence problebwth legal and institutional, at the EU and
international levellt also makes recommendations that can help close regulatory gaps and loopholes, and
take more concerted action to prevent and mitigate marine litter pollution.

Materials and methods

The policy analysis was conducted using a d#s#ty approach, analysing policies that can affect marine

litter as well as policies influencing the development, uptake, and commercialization of the SeaClear2.0
innovations. Asystematicapproach was employed to identify, review, and analyse relevant poli€igare

1). Initially, a broad spectrum of policies was identified, with a particular emphasis on those implemented at
the European Union (EU) and international levels. To identify potential policieslesance, keywords
NEfSOIyd G2 YINARYS fAGGSNI FyR GSOKyz2f238 gSNBE 02
Wgl aiSQ: WLI O1l3IAYIQS WYFNRYS tAGGSNDRDE WL FadGAoaQ
these words.

Figure 1 The method used for the policy analysis

The identified policies were subsequently screened based on their stated aims and objectives, and those
deemed irrelevant to the focus areas were excluded from further consideration. For the remaining policies,
the analysis sought to determine their potéaitto impact the generation of marine litter or the development,
deployment, and commercialisation of systems such as SeaClear2.0. Specifically, the evaluation addressed
how these policies could influence these areas positively or negatively and iderdifig barriers or
opportunities they might presenA literature review, exploring themes of policy relevance and effectiveness
supplements the analysis.
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Results and discussion

European policies that are relevant to marine litter, European policies that are relevant to the technical
and/or commercial aspects of the innovations developed within the SeaClear2.0 project, and international
policies relevant to marine litter were rewed and analysed. The results demonstrate that the European
and international policy framework on the issue of marine litter is comprehensive and evolving. Key policy
recommendations stemming from the work fall within three broad categoriese@jgth an prevention (ii)

waste management, (iii) marine litter, and (iv) technological innovation.

Design and prevention recommendatianslude (i) strengthening the focus on prevention, (i) mandating
the ecadesign for plastics and polymers, (iii) accelerating the ploagesf harmful additives in plastics, (iv)
expanding the bans on the destruction of unsold goods included in thel&ign Regulation to include
plasticintensive product groups, (v) closing loopholes in the Single Use Plastics Directive and expanding its
scope so that it is not limited to only plastic singke products, (vi) mandety the reporting on the
consumption of very lightweight plastic bags and heavyweight plastic bags and exploring relevant reduction
targets, and (vii) supporting small and medium enterprises in adopting digital product passports.

Policy recommendations on waste management focus on (i) supporting a levelled circular economy
approach across Europe by helping underperforming countries through capaditing and financial
support, (ii) addressing difficutb-recycle plastics throudginvestments in chemical recycling technologies,
OAAAD AYOSYGAGAT AYy3 Ay@SaldySyida Ay 9dzNRBLISQa NBOeoO
remains an important problem which is unlikely to be resolved through extended produseonsibility
alone, and (v) optimizing the management of spanerated waste.

The recommendations that specifically address marine litter, with a focus on seabed litter, are: (i)
improving data collection, sharing and interoperability through standardized data collection and sharing
mechanisms as well as opagcess, harmonized ddiases, (i) mandating seabed litter monitoring and
removal in European legislation, such as the Marine Strategy Framework Directive, and (iii) tackling
abandoned, lost or discarded fishing gear through the provision of appropriate anofficearge disposl
facilities, investment in technologies and mechanisms for locating and removing lost gear, and research into
fit-for-purpose alternative materials.

Finally, in terms of technological innovation two main policy recommendations emerge: (i) harmonizing
crossborder regulation for autonomous marine technologies to facilitate innovation, dpoosger
collaboration and the widespread adoption of these teclugies, and (ii) enabling SMEs and stg$ to
scale innovative marine solutions through dedicated funding mechanisms and simplified regulatory pathways
for testing and deployment.

Conclusions

Marine litter, particularly on the seafloor, remains a persistent and uraditressed challenge in European
waters, requiring coordinated policy, innovation, and investment. While the EU has developed a
comprehensive set of strategies and regulations, gapsiplementation, harmonisation, and enforcement
limit their full effectiveness. Furthermore, real uptake of technological innovations to address marine litter,
such as those developed by SeaClear2.0, depends on enabling policies, consistent fundargsmeacland
regulatory alignment across Member Statd®. ensure lasting impact, these efforts must be supported by
inclusive, cedeveloped policy processes that translate ambition into action and empower both innovators
and communities to be part of the solutiohhis paper has presented an initial set of policy recommendations
towards this end, which will be discussed and validated through albig policy roundtable before being
published in a White Paper.

AcknowledgementsThis work is supported by the SeaClear2.0 project, which-fsrmed by the European Union

under the Horizon Europe Programme (Grant Agreement 101093822). Views and opinions expressed are those of the
author(s) and do not necessarily reflect those of tharopean Union or European Climate, Infrastructure and
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Introduction

In 2024, global apple production reached 84.3 million metric {BADA, 2024 with a significant portion
processed into products such as juice, cider, and dried gdtdsBasque Country, known for its strong cider
making tradition, hosts over 100 cider houses. This industry generates not only direct waste from cider
production but also large amounts of lignocellulosic waste from apple tree pruning. This pruning reashdue,

in cellulose, lignin, and hemicelluloses, presents a valuable opportunity for biorefinery applications. However,
its decentralized generation and the smathke of producers complicate its valorization. Oligosaccharides
extracted from such biomass have shown antioxidant and prebiotic properties, making them attractive for
their use in food and packaging industries. Among extraction methods, autohydrolysds siat for its
environmental friendliness, though improvements in energy efficiency are still needed.

To address these challenges, recent research has focused on using deep eutectic solvahtanDES
process intensification techniques like microwave treatment. D&Snposed of hydrogen bond donors and
acceptors, offer advantages such as low vapor pressure, chemical stability, and tunable solubility, making
them promising green alternatives to water. Recent studies have confirmed the ability of these solvents to
fractionate lignocellulosic biomass (Baraka et al. 2025). Microwaves, on the other handgceriliamass
fractionation by promoting cell disruption, enabling faster and potentially more efficient oligosaccharide
extraction. Studies have shown that microweassisted processes can achieve similar or better yields in
significantly shorter times, sugpNIi Ay 3 GKSANJ INR gAY I dzaS Ay adzail Ayl
2021).

This work aimed to optimize oligosaccharide extraction from apple pruning waste. A conventional
autohydrolysis served as a reference, followed by microwassisted treatments at varying times. Finally,
water was replaced witlDESn the microwave reactor to enhance yields.

Materials and methods
A local farmer in the Basque Country kindly supplied the apple tree pruning residues in the winter of 2024.
Before being used, the raw material was dried in darkness, ground and sieved to obtain a particle size <5 mm.
The autohydrolysis was firstly conducted in a conventional way using a steel reactor (1.5 L stainless steel
5100 Parr reactor with a 4848 Parr controller), and secondly by intensifying the process via microwaves
(MILESTONE flexiWAVE). For conventionalhgdtolysis, previously optimized conditions for the same
feedstock were used, more specifically asélid lj dzZA R NI GA2 o0{[ w0 2F MYMAZI Myn
An attempt was then made to replicate the conditions in the microwave reactoridrcéise, the SLR and the
GSYLISNI G§dzZNB omyn c/ 0 6SNB YIAYydFAySRY odzi G§KS NBI
studying the microwavassisted autohydrolysis at 5, 12.5 and 20 min. The microwave power was set at 500
W for this work.
In order to minimize the impact of the process to obtain oligosaccharides, the use of choline chloride:lactic
acid (ChCI:LA) DES as solvent for the microvaasisted autohydrolysis process was studied. In this work,
the influence of the time (5, 12.5 arD min) in the process was studied and the SLR (1:10), the employed
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59{ o6/ K/ fY[! mMYMn0uX YR (G4KS NBIFIOGA2Y GSYLISNI (dzNB ¢
Once the reaction time had finished, the solid and liquid phases were separated by filtration. The liquid

phase or autohydrolysis liquor, which contained the solubilized products of the hemicellulosic fraction, was

characterized, while the solid phasewn$ 8 KSR ¢6AGK 6 GSNI YR dG2NBR |G n

subjected to a poshydrolysis step using 4% sulfuric acid as describesl byd A £ | S o ddtefmime 0 H 1 M T

the oligosaccharide content in the autohydrolysis liquors. Quantificatione@ptioduced monosaccharides

and acetic acid was also carried out by HPLC.

Results and discussion

| 2Y@BSYGA2y L f Fdzi2KERNRf@aAa Ay GKS NBIOH®N |G
oligosaccharide (O&) while the amount of monosaccharides obtained was 3 times mapplying the
process parameters in a microwaveactor, lower oligosaccharide values were obtained than in the
conventionalreactor (between 0.16 and 1.5 g OS/L, for the 5 min and 20 min, respectively). The amount of
monosaccharides was similar to that obtained in the conventional reactor for the times of 20 and 12.5 min
(10.8and 10.13y monosaccharide (MSpespectively), while it was lower whetudying5 min (8.84g MS/L).

To favor oligosaccharide over monosaccharide extraction, the microwave reactor temperature was
lowered to reduce process severity.K Sy | dzi2 KERNRfe&aAa oFa LISNF2NXYSR |
' aAIYAFAOLIYG NBRAZOGA2Y Ay Y2y234l OOKI NARRS O2yidSyl
MSL for reacton times between 5 and 20 mifRegarding adiosaccharides, using a 20 migaction time
yielded a concentration similar to that obtained in the conventbnaNB I OG2NJ | & myn ¢/ 6o

Finally, to further improve the results, the use of ChCI:LA as a solvent for extraction was investigated. In
this study, the amount of monosaccharides obtained was significantly reduced, with values between 0.07
YR HMBp[ = 36KAES GKS 2fA323al COSKat NISRE 20initésS Sirice tRE OS S
oligosacchade yields at 12.5 and 20 minS NBE & A Y A f | NJOSLmresgectively)/ iRis cansideded 3
that the maximum oligosaccharide yield is already achieved at 12.5 minutes, clegdgsing the values
obtained with the conventional method.

Conclusions

Microwaveassisted autohydrolysiwith ChCELA G yn ¢/ AA3IYAFAOFLy (it & NBRdAzO
and improved oligosaccharide selectivity caargd to conventional conditon® A Sf RAy 3 2 @S NJ
oligosaccharides at 12.5 mivith minimal monosaccharide content.
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Introduction

The transition to electromobility is accelerating globally, driven by the urgent need to decarbonize transport.
However, it brings a new environmental and resource challenge: theoétift management of lithiurion

batteries (LIBs). These batteries, widely used in electric vehicles (EVSs), contain critical raw materials (CRMSs)
such as lithium, cobalt, nickel, andanganese. As demand for EVs grows, the accumulation of spent LIBs is
becoming a significant waste stream with both environmental and strategic implications. Armenia, a country
currently in the early stages ofraobility adoption, is projected to generatgpuo 500 tons of EV battery

waste annually by 2022029, based on import trends and vehicle lifespan modeling.rébearchoffers a

timely opportunity to establish a localized, sustainable recycling system rooted in hydrometallurgical
recovery.

Materials and methods

This study presents a pilgtale hydrometallurgical process developed at the National Polytechnic University

2F I N¥SYyAlFSX RSaA3IAYySR F2NJ GKS GNBFGYSyd 2F dzZlJ 2 vy
¢KS LINPOS&da O2yairaita 2F YSOKIFIYAOFET LINBGNBFGYSy

oxidant), solidiquid separation, selective solvent extraction for Co/Ni, and crystallization for Li recovery as

[Ai/ hi ® wSI Ol2 N g2 andAuGtinrsysketsiweré Selectdi Ndsdil SrdahlS kinetics

and scaled using solid-liquid ratio optimization (1:3 w/v) and residence time calibration. Energy and water

balances were also modeled to assess the feasibility ¢fd24 batch operabn.

Table 1Key Calculation Results for Rigtale LA 2y . I GGSNE wSOe Ot Ay3a oypn
Parameter Value Notes
Black Mass Input (per day’ ypn 13 From shredded LIBs
Mo!sture Content (pre ~10c15% Removed in vacuum drylng §tep
drying) (~8mon 13 Iiho
Liguidto-solid Ratio ) Total leaching solution:
(Leaching) 3:1 (viw) YuHIppn [ KRIF &
Sulfuric Acid Consumption dpon [ kKREFE& 0y Adjusted for neutralization and

leaching stoichiometry

|l @RNR3ISY t SN ~85mnn [ KRl & 0 o Oxidant for Co/Ni/Mn

Leaching Efficiency Li: 90+%, Co: 95%, Ni: 85% i )/ RS N‘.] ¢ T yocH z
residence time

I NpadltftAl SR ~11c13% Li content in black mass

(product) >99.5% purity

Col/Ni Electrolyzer Output | Co: ~4@p 1 | 3k RIc@ & P A After SX + electrowinning

~9xmmn 1 Ak RE @
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. ~ | Including dilution, cooling,
Water Consumption oXtnn [ KRI 6F AKAYy3T ddpup Y
: Including shredding, drying,
Estimated Energy Use ~120emzcnn 12 KK leaching, pumps, SX, electrolysis
Results and discussion
Experimental trials demonstrated metal recovery efficiencies of over 90% for lithium, 95% for cobalt, and
yp: F2NI YyAO1 St I dzyRSNJ 2 LI A YAT §6h residencd fitie)y The récaveredA G A 2
lithium carbonate reached battergrade prity (>99.5%) after singistage crystallization. Water and reagent
NEdzaS &0NI 6§S3IASa NBERAzZOSR T NEscéedopdaiaBaN] Thedntegrgtien ofie2 £ n
modular electrowinning cell for Co/Ni further improved purity and enabled downstreamse in cathode
LINBOdzNBE 2 NJ LINRPRdAzOGA2Yy ® 902y2YAOLfftes G4KS LINB2SOGS
localized plant with minimal import dependence, offering a 5 year payback period under current CRM prices.
Beyond the technical process, this work highlights the strategic importance of urban mininghodern
approach that views waste streams as secondary resource reserves. In resonstained regions like
Armenia, where geological mining of lithium or edtbis not currently viable, urban mining provides a
powerful complement. Reclaiming critical elements from postsumer batteries reduces external
dependency, supports Edligned circular economy goals, and positions Armenia as a regional actor in CRM
suwpply resilience.
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Figure 1.Schemati®iagram for 850 kg/day black mass lithition battery recycling process
Conclusions
This pilot project demonstrates the technical and economic viability of a scalable LIB recycling process
tailored for Armenia’s projected waste stream by 2Q2829. The use of hydrometallurgical methods ensures
high CRM recovery rates while maintaining iemwvmental compatibility. As EV adoption grows, establishing
f20f NBOeOfAy3da OIF LI OAGE gAff 0SS ONHZOAIFET F2NJ ! N
embedding urban mining practices into national waste and industrial policy can catalyzesirgelar
industries and align the country with international best practices in sustainable materials management.
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Introduction

The fstpacedrise in digital economies haaccelerated thegenerationof waste consumer electronics
around the globe. Waste electronic deviastaina wide variety of toxic substancesich as heavy metals
(e.g., arsenic, mercury, cadmium, lead, cobalt, nickel), inorganic pigmentsalggnatedrganic additives
(e.g.fire retardant9. The continuously increasing volume of improperly discarded landfithgte warrants
unprecedented management efforts due¢avironmental concernfom the release ohazardous materials
and the loss of useful secondary resour¢gk There is considerable scope the recovery ofvarious
elements from ewaste owing to their appreciable content in technolegjticalmetals €.g., goldsilver, and
palladium), base metals (copper, aluminum), and rare earth elenj@hts

Numerous methods are reportefr the extraction and recovergf metals from ewaste among which
hydrometallurgy is highly quantitative and requires the least thermal energy investmeHtsvever,
traditional chemical treatments employed in hydrometallurgy for leaching, extraction, and recovery, often
generate corrosive liquid waste and require muslthge sample processindnthis regard alternative
environmentallyconscious approaches are highly desirable [3]

Deep eautectic solvents (DESs) arpromisingclass of designer solvents for advancing varapdications
such as organic synthesis, ionotherraad solvothermal synthesisesource extraction fromibmass,and
catalytic reactionsln solvometallurgy, such solvents are attracting increasing attention from the scientific
community owing to their (i) low vapor pressure, (ii) tunable physical and chemical properties, (iii)
straightforward preparation, and (iv) adequate physicochemitabikty on storage. e present work
examines thedevelopment offive phosphoniumbasedhydrophobicdeep eutectic solvents (HDESSs) for
selective metal leaching from waste mobile phone printed circuit boards (PCBSs).

Materials and methods

98% methyltriphenylphosphonium bromidémethyl), 98% ethytriphenylphosphonium bromiddethyl),

98% nbutyltriphenylphosphonium bromidébutyl), 99% tetrabutybhosphonium bromidé(butyl)), 98% n
heptyltriphenylphosphonium bromidéheptyl), ethylene glycol (EG) 99.5% and ICPMS grade aqueoys HNO
(70%.wt), ferrocene (99%) were purchased from different sources and used as reddieeDESwere

prepared by mixingach phosphonium bromide precurseith EG at d:2mol ratio,except for(butyl), (1:8).

Each mixture wadeated at 60 cC inan oil bath for homogenous mixing he structural analysis of the
prepared HDESSs is elucidated via complementary NIMAR, and GRS analyses. A list of physicochemical
properties includingthe room temperature viscosity, pH, contact angle, and ionic conductivitye
determined. The solventslDESsvere used for metal leaching from pulverized mobile phone waste PCBs
under static conditions and at variable processing temper&@ €1 n usihglasample mass loadingf

100 mg in 1 mL of HDESs

Results and discussion

The conductivity of the HDESs at room temperature (Fig.1A) dropped with increasing alkyl chain length in the
LIK2AaLK2yAdzy O2YLRYSyd Ay GKS 2NRSNJ 2F YSGKef oOoyc
and heptyl (17.8% { Kk OY 0 @ 4, sysked with @ daliod=G inol ratio of 1:8, had a greater conductivity

value (1146Kk { k OY0 RdzS (G2 t26SNJ gAadz2arite O2YLI NBR G2 O
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with a pH value (Fig.1B) decreasing in the order of methyl (5.32), ethyl (5.24), butyl (4.81) (®d8)) and

heptyl (2.51). The electrochemical properties of two HDESSs, (batd) heptyl, selected for their high and

low conductivity values, respectively, were evaluated for the ferrocene redox chemidtgr. cyclic

voltammograns (Fig.1Cpredia their practical usage aslectrolytesin emergingapplications(e.g. non-

aqueous redox flow batteri@sAmong the preparederies of DES, the heptylsystemremained liquid for

about 90 daysf storageat room temperature, suggesting adequate physical stability compared to the other

solvent systems. The shelf life and structural integrity of the hegDES wre alsoconfirmed by FTIR after

heating at temperature$ & K A 3 K wherkas the other/HDESs were therim@ & G 60 f SanddzLJ (0 2

disintegraed beyond 8Cc / Given their acidic character and thermal stability range, the prepared HDESs

were explored for the static metal leaching from pulverized waste PCBs at mild temperaturesi(408n 0

obvious color change in the HDESs was observed after the leaching Fig.1IME.d@#ysis of the leaching

efficiencies indicated selective Cu and Sn leaching by the various HDESSs, with the yield generally increasing

with the treatment temperature (l.1F,G).The heptylsystem showed excellent leaching efficiendyr

copper(62%)andtin (88% | (i T Detailed solvent characterizations, leaching studiaiscibility studies,

and electrochemical properties are establishédmechanistic analysis of theelective leaching with the

HDES is established using 65, GEMS and NMR studies.
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Figure 1(A) Conductivity, (B) pH of the HDESSs, (C) Cyclic voltammograms of ferrocene as redox compound in
heptyl and (butyh) HDESSs as novel organic electrolytes, measured at room temperature. (D) optical image of

a waste mobile PCB, (E) visible color change of the HDESs after static leaching experiments using pulverized
PCB samples. Leaching efficiency of the reported HDES&Iastion of the processing temperature for (F)
copper and (G) tin.

Conclusion

Phosphoniurrbased HDESs derived from different phosphonium bromide and ethylene glycol are reported.

The electrochemical properties, conductivity, pH and viscosity of the solvents were also evaluateddithe

character of the HDESs was examinedietal leaching from used mobile PClsder static conditions and

mild processing temperatu(40-T 1 At A fixal mass loadinthe heptyl HDES showed excellent leaching

efficiencyfor Cu(62%9 andSn88%Snl i G.n ¢
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Introduction

The presence of urban trees is essential for enhancing environmental quality in cities, although managing the
waste generated by their regular pruning often presents both logistical and environmental challenges.
Nevertheless, this waste, composed mainly lighocellulosic biomasgsrich in lignin, cellulose, and
hemicellulose offers a significant opportunity for sustainable valorisation through the production of high
valueadded productsL y G KA & OF a8 &aiddzRe (Spniy)R dadpreéhéhsiviprgcessvas { S 6 |
proposed to valorise pruning waste from the London plane tree, the most abundant species in the local urban
landscape. Special emphasis was placed on extracting lignin, which was then combined with dsitasan
matrix to formulate films with potential applications in the food industmhe development of these films
exhibited enhanced physicochemical properties, particularly with respect to thermal stability and ultraviolet
radiation resistance, thereby supporting their potential as environrayt friendly alternatives to
conventional plastics. This study underscores the value of urban pruning waste as a promising renewable raw
material for the fabrication of sustainable materials. Furthermore, these findings provide a foundation for
future research involving this and other species, contributing to the development of renewable resources
while offering an effective strategy for managing this challenging category of urban waste.

Materials and methods

Lignin utilised in the preparation of the films was obtained following the procedure outlined in Figure 1.
Initially, after collection and conditioning of the raw material, an autohydrolysis step was performed to
extract oligosaccharides, which were resshfor other applications, in accordance with the methodology
RSAONAOGSR o0& 5+t @At S Ftd 6HnmMTOD {dzoaSljdzSyiafex
under the conditions specified by Morales et al. (2020). Finally, the films wenedtdrl according to the
protocol reported by Izaguirre et al. (2021). For this study, different amounts of lignin were incorporated at
concentrations of 0%, 0.1%, 0.5%, and 1% (w/w), relative to the weight of the chitosan employed.

Results and discussion

Various techniques were employed to characterise the films. FTIR spectra revealed bands attributed to
hydroxyl (@H) and primary amine @H) groups, with increased intensity of signals related to methyl groups
and conjugated carbonyls as lignin contentapsuggesting the formation of intermolecular bonds between

lignin and chitosan.-¥ay diffraction (XRD) analysis showed a reduction in the semicrystalline crystallinity of
chitosan upon lignin addition, indicating structural alteration. Thermogravimetric analysis (TGA)
demonstrated a significant increase in therndegradation temperature and char residue, evidencing
improved thermal stability with lignin incorporation (Table 1).-W¥ spectra revealed a decrease in
transmittance in both the visible and UV regions, enhancing ultraviolet radiation blocking capadbikyl).
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by a slight decrease in elongation at break, reflecting increased material rigidity. These findings indicate

effective integration of lignin into thechitosan matrix, optimising its functional properties without

compromising structural integrity.

4™ International Conference on Sustainable Chemical and Environmental Engineering
B> 4 September 2@ Thessaloniki, Greece

Table 1.Experimental results of thermal degradation and optical properties of films

Formulation TGA UV-vis
5S3ANI RFGA2Y ¢ SY Final residue (% UV protection
L 0% (no lignin) Baseline value 27.77 Low

L 0.1% Slight increase Slight increase Slight improvement
L 0.5% Greater increase Greater increasq Improved protection
L 1% {AIYATFTAOI yi A Highest(34.01)] Maximum UV protectior]
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Figured. Process schematic for the preparation of films

Conclusions

The incorporation of lignin into chitosan films enhanced their structural, thermal, optical, and mechanical
properties, confirming good compatibility between both biopolymers. These improvements were achieved
even at low lignin concentrations. Importantithe use of lignin derived from urban pruning waste adds
significant value, promoting waste valorisation within a circular economy framewaork. This approach not only
improves film performance but also contributes to more sustainable andremadly materid development.
Acknowledgementst KS | dzi K2N&R ¢2dz R fA1S G2 dGdKIy]l 020K GKS
CIENO0003301) and the Basque Government (IT1428 for the financial support of this project. Special
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Introduction

he Guinean Forests of West Africa (GFWA) are globally recognized as a biodiversity hotspot that supports
numerous forest food species critical to the nutrition, health, and livelihoods of falestndent
communities. Traditional and Indigenous KnowledBk} has long played a pivotal role in the sustainable

use and conservation of these species. However, such knowledge is increasingly under pressure from socio
environmental transformations and limited policy recognition.

Materials and Methods

This review synthesizes current literature on ethnobotanical, ecological, and cultural aspects of forest food
speciegonservatiorin the GFWAPeerreviewedsourcesandgreyliterature were examinedo identify key
species, traditional conservation practices, and the institutional and environmental factors influencing TIK
systems.

Resultsand Discussion

Thestudyhighlightsadiversearrayof tree-basedood speciecommonlyusedin GFWAIincludingAdansonia
digitata, Annona senegalensiBlighia sapidaDacryodes eduli®ialium guineensezarcinia kolalrvingia
gabonensisParkia biglobosaSpondias mombijrTreculia africanaVitex donianaXylopia aethiopicaand

Ziziphusnauritiana Thesespeciegrovidefruits, seeds]eavesandother plant partsessentiato localdiets

and economies.

Traditional conservation practices include taboos, sacred groves, seasonal bans, and customary institutions
that help regulateuseand promote regeneration.Despitetheir effectivenessTIKsystemsare threatened

by deforestation, climate variability, generational knowledge loss, urbanization, and marginalization in
formal conservationframeworks. Notably, there is limited integration of traditional governancewith
scientificforest management and national conservation policies. Research gaps persist regarding cross
cultural variation in practices, specispecific strategies, and mechanisms for policy integration.

Conclusions
Preserving IKisessentiafor sustainingbiodiversityandlocalfood systemdn the GFWAThereisanurgent
needfor transdisciplinanapproacheshat bridgeindigenousandscientificknowledgesystemsandfor policy
reforms that recognize and empower traditional forest stewardship as part of broader conservation and
resilience strategies.
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Introduction

Apples are widely produced both for their raw consumption or for their indugpriatessingn order to
producejuice and other fermented beveragesjchas cider In fact, in 2022024, te globalproduction of

apples reached 84.3 million metrions (USDA, 2024). Cider is an alcoholic beverage obtained only by the
complete or partial fermentation of apples. In 2023, 25,282.92 hL were consumed in Europe, and Spain is the
second leading country in the European cider market, with 1,042,650 hL 82228 period (AICV, 2024).
Besides the fruit residues that this industry produces, apple tree pruning (ATP) waste is also annually
generated in huge amounts. This residue belongs to the lignocellulosic biomass, which is mainly composed
by cellulose, hemicelluloseand lignin, and could be further valorized in order to obtain both chemicals or
products for many addegtalue applications by diverse biorefinery processes. Till date, many processes have
been applied for the fractionation of lignocellulosic biomass, agwhich the chemical and physicochemical
ones have been the most remarkable. Nevertheless, the elevated energetic demand, costly equipment
and/or nonenvironmentally friendly steps/reagents, have leaded to emerging novel, innovative and
sustainable techigjues and solvents such as ionic liquids and Deep Eutectic Solvents (DESs) (Baraka et al.,
2025). Moreover, in order to overcome the aforementioned drawbacks, the use of intensification techniques
such as ultrasounds or microwaves is being explored. Inctirigext, the aim of the present wonkas to

explore the effect of microwaves on the delignification of ATP using a DES.

Materials and methods
ATP residues were kindly supplied by a local farmer, and they were subsequently milled and sieved to a
particle size < 5 mm and subjected to a 4meatment. The prereatment of ATP was performed by
microwave assisted extraction at previously optimizeaditons: 80cC, 12.5 min and LSR of 10:1 with
choline chloridelactic acid(ChCI:LA) (1:10). The preated solid (PATP) was then delignified using a
microwave reactorfMIILESTONE flexiwA\#ad ChCl:LA:2) DESThe optimization of the delignificatiomas
performed employing d@hree-level two factor experimental design with 8xperiments and replicates of
the central point.The selected input variables were time,(min) and temperature ¢xdC), and the output
variables were the delignification yieldi({6) and the solubility fy%). The optimization waserformedby
a response surface methodology (RSM), wheredbkignification yield was maximized and the solubility
minimized The data were fitted using a secondammder polynomial described t#10.1.
8r'i bBii HEbBBY  &BRbBY B bs  (Eq. 1)

wherey is the predicted response, is the constant coefficient,;, | j, andi i are the coefficient of
interaction, linear and quadratic, respectively, andndx; are the independent variables.
The fitness of the generated rdel was expressed ke coefficient of determination @ significance of
the regressiorcoefficients and the fest value obtained from the analysis of variarf@&OVA)

Results and discussion
The experimental conditions and results for the 11 experiments are shown in Table 1. A positive correlation
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was observed for both output variables as the time and the temperature were increased. The minimum
delignification and solubility values were observed for the shortest timd$H(in) and lowest temperature

(90cC). Conversely, the highest delignification yield (86%) and solubiti8gf) was seen for the most severe
experiment (25 min at 156C).

Table 1.Experimentatonditions and results for each experiment of the design.

Exp (?1:?1()9 Temp | Deig. | Solubiity _ ' Time Temp  Deig. (%), Solubiliy

x| @x ).y (%) (min), x| (eC) % y1 (%) y2

1 | 25 150 | 8602 5774 | 7 5 150 75.38 4424

2 | 15 | 120 | 4753 2441 | 8 15 150 7231 4352

3 15 120 @ 5571 3107 | 9 25 120 57.75 29.47

4 5 120 = 39.07 2118 | 10 5 90 24,22 8.88

5 25 90 27.97 1236 11 15 120 44,68 2258

6 15 90 2191 10.02

The regression parameters in Table 2 showegbod fitof the model, so the optimization was carried out.
The optimal conditions were 5 min and 184, which were verified by carrying out a triplicate of this point.

Table2. Regression parameters

/| 2SFTTA Ddig. (%), y @ Solubility (%)y: | 2STFTAC (?/?)Igﬁ Solubility (%) y»
LYGdSNDS 46.768 25.02 + I NR k5otes 172 2.51
I NRA kood 5.51° 4.2 + | NRX k6 dwS 3.50 1.80
+ I NRA |ood 26.60 19.04 + | NRA o dwsS 2.21 3.24
w' neddgcn nepT ™ LBl £ dzS8 ndnn noennnrt

aSignificant coefficients at a 99% confidence level.
b Significant coefficients at a 95% confidence level.
¢ Significant coefficients at a 90% confidence level.

Conclusions

In this study the optimization of a microwave assisted delignification was performed for ATP using ChCI:LA as
solvent. The results showed the high adequacy of the model, leading to an optimal point with reduced
operational time and temperature, but a progiing delignification yield.
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Introduction

This study presents the results of research on the application of Earth remote sensing (ERS) data for
operational monitoring of forest ecosystems, particularly in detecting and assessing the consequences of
wildfires. A new concept, "area of active thermal anomalies! is introduced enabling preliminary
identification of territories affected by fire, even under conditions of cloud cover or absence of data from
specific satellites. The effectiveness of satellite data for detecting thermal anomaliesytineaks, and
changes in forest cover with varying time lags has been substantiated. The proposed methodology allows for
comprehensive monitoring of forested areas, detection of illegal logging, identification of logging types and
tree species affected, sgial analysis of boundaries, and assessment ofifideiced damage. The results can
serve as a tool for informed decisiomaking in the fields of environmental safety and forest management.

Materials and methods

The method used in this study involves a sequential workflow. First, test areas were idensifiecific forest

regions that had undergone changes due to fires or logging, with available gbased information from

forest enterprises. Next, the accestilyi of satellite imagery was analyzed, and suitable Earth Observation
(EO) data were selected for further processing, taking into account cloud coverage, sun angle, and image
acquisition parameters. The selected imagery was then processed in a GISmewvitr¢ArcGIS, QGIS), using
specific spectral bands to detect thermal anomalies. Image analysis was conducted using data from
SuperViewl, Sentinel, and TERRA/AQUA (MODIS) satellites. This stage resulted in the identification of
point or areabased therm&anomalies, which were interpreted as fire outbreaks. If necessary, thematic
maps of forest cover changes were generated, followed by a comprehensive description of the results.

The proposed methodology enables effective satellite monitoring of forest areas and supports rapid response
to wildfire events. It makes it possible to determine the administrative affiliation of a forest parcel to a specific
forestry unit, block, and congstment. The approach also allows for the acquisition of-land medium
resolution EO data with detected thermal anomalies and facilitates immediate processing and delivery of
information to end users (such as foresters) in convenient forfdag§. Additionally, higkresolution satellite
imagery can be used to identify changes in forest cover related to logging, burn scars, tree diseases, and other
events. At the final stage, thematic maps are generated, and geospatial portals are populated ‘gth up
date data.

Results and discussion

Thermal anomalies, hotspots, and wildfires were identified based on EO data from various satellites,
according to the described methodology (Fig. 1).

The use of satellite imagery in the infrared (IR) range is a key step in the process of remote forest fire
detection. IR images allow for the rapid identification of thermal anomalies, which may indicate potential fire
outbreaks or areas of elevated suréatemperature. These anomalies are then confirmed and refined using
imagery from the optical (visible) spectrum, enabling the reliable detection of open fire sources on the
ground. In the subsequent stage, the contours and areas of burn scars obserhedsaiellite imagery are
compared with cadastral maps of the forest fund. This spatial comparison allows for accurate localization of
affected areas, determination of their administrative affiliation, and assessment of the extent of forest
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Figure 1. Examples of images with identified thermal anomalies from MODIS data (a), hotspots from
Sentinel2 data (b), and wildfires from SuperView data (c).

As a result of the research, the authors introduced the concept of the "area of active thermal anomalies,"
which enables the preliminary estimation of the territories affected by wildfires in cases where their exact
boundaries cannot be determined (due ¢toud cover or the absence of satellite imagery). This indicator
reflects the minimum area of land damaged by fire, based on the identified thermal anomalies (TA) (Fig.

. 4 - \. S -.“

Yortecsis A <1 LE Y
Figure2. Example of a map of active thermal anomaly areas.

Conclusions
The concept of the "area of active thermal anomalies” was introduced, allowing for preliminary identification
of fire-affected areas even in the absence of direct satellite imaging due to cloud cover or data gaps. This
indicator reflects the minimum area jpacted by fire based on interpreted thermal anomalies.
The study scientifically substantiates the feasibility of using ERS data for comprehensive monitoring of forest
resources, enabling effective control and informed decisitaking by relevant ministries and agencies.
The proposed remote sensing methodology using Hiighuency satellite imagery of large forested areas
enables:

1 detection of forest cover changes;

1 identification of the timeframe, type of logging (cleauitting or selective), and affected tree species;

1 delineation of site boundaries and identification of violations of logging regulations;

1 detection of fire outbreaks and geolocation of fire epicenters;

1 monitoring of wildfire dynamics and forecasting of potential spread,;

{ assessment of environmental and economic damage caused by fires.

querences
{T2a0F12X adx | I ¢ NBUSIEgDf SentnE? insages for&dtdmatiorbofithe dorest succéssion
detection. European Journal of Remote Sensing, 51(1), c¢lu

https://doi.org/10.1080/22797254.2017.1412272

hLINEEAK]2X hodT tFaAAO0OKYye@|lZ bedT YALGUSOZI bodT 5dzRye] sz |
V. European Green Deal: Satellite Monitoring in the Implementation of the Concept of Agricultural
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Introduction

This paper presents the firgear results from the largecale application of precision agriculture systdm
Laconia (Greece), under the Operational Program (20@247) of the Agricultural Olive Oil Cooperativé
Agioi Apostoloand Palaiopanagia Producer Organizatia®d ¥ n t $ubdedu® the EU. The initiative aims
to enhance the environmental, agronomic, and economic sustainability oftoéigscultivation in the region
through datadriven decisiormaking.

In particular the Agricultural Cooperative of Olive ProducerOrganizationsof Ag Apostolln and
Pahiopanagia (Laconia, Greece) Hdaunched pioneering 4ear Operational Programmeg2024;2027)
focusing on the integration of sustainable practices in olive farming.

Attheir coreslie the applicatiorand the deployments gfrecision agriculture systesndeveloped by @Gdnet
SAin collaboration withPangaea R&[@nd Intratech saThis initiativealigns with multiple Sustainable
Development Goals (SDGSs) including affordable energy, climate action, and life on land.

Technological Framework and Deployment

Theappliedsystenscombine smart sensors, clotzhsed data analytics, and advanced field applications. The
deployment involves the installation of AgroNIT Smart Traps and associated software momesthan5000

of olive groves. The smart traps provide réale data on pest populations (especially Bactrocera oleae) and
environmental conditions, enabling early and accurate phytosanitary actions.

By leveraging a federated, lepower communication infrastructure (NBT, LTEA, LORANAN), the system

ensures broad coverage and reliability in rural landscapes. The collected data is processed using Al algorithms
and made accessible to agronomists and producers via a secure digital pléifgue/agronit.gr/).

Training and Stakeholder Engagement

An innovative element of this program is the digital training and support platfbtipg:/farmacademy.qgr),

which facilitates asynchronous education for 0960 farmers, agronomists, and field workers. The platform
includes multimedia modules, assessments, and feedback loops. It addresses a key barrier in rural settings
limited digital access and training participation due to seasonal workload.

Through this platform, users engage in thematic modules such as integrated pest management, sustainable
fertilization, traceability systems (ISO 22005), and social conditionality. This has ensured high levels of
compliance, awareness, and dadaven deci®on-making among all actors.

Sustainability Impact and Evaluation

The project is already demonstrating eashage impact. By reducing pesticide usage through precise
application and enhancing monitoring, the Cooperative expects a measurable decrease in chemical inputs
and CO2 emissions from waste biomass (via smardslmg systems). Data collected in 26@4late from

demo plots and user feedback confirm improvements in fruit quality, traceability, and agronomic resilience.
Furthermore, the inclusion of smart loT components contributes to energy efficiency and operational
sustainability. The use of clodmhsed data services minimizes resource consumption while enabling large
scale scalability. Ongoing evaluation protocols include expert assessments, farmer participation metrics, and
machinederived agronomic indexes.
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Conclusion

The Laconia case represents a successful pilot of howerlaliled precision agriculture systems such as
AgroNIT and loT.Cubesin be deployed at scale in traditional Mediterranean farming landscapes. The
initiative showcases the convergence of sustainability, digital innovation, and cooperative governance.

Future work includes expanding the Al capabilities of the platform, enhancing predictive analytics, and
integrating renewable energy microgrids.

Figure 1- Geospatial Depiction of 5000+ Olive Groves at the Southernmost Mainland Tip of Europe
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ABSTRACT

The fate of micrenano plastics, due to the plastmlyethylenemulching film (PMF) degradation in
agricultural settings, can lead to negative consequences, potentially affecting soil and potentially posing risks
to plant and animal health. In the presemtork, the micropollutant of soils from PMF is visually and
spectroscopically evaluated with emphasis on the adsorption of qE&stics onto soiéxtracted humic acid

AY F &GNl 60 SNNE ONRLID a{FddzNF G§SR bl /t aysstamAz2ysé
fluorescence spectroscopy were used to evaluate the degradation and adsorption of PMF. For the modeling
of adsorptionofnandJt &G A 0& 2y 2 1dzyYA0 | OARZ taC ¢l & RA&az2f .
soilextracted humic acid was ieded according to the IHHS protocol. Using UV/Vis and fluorescence
spectroscopy the calibration curves showed linear behavior for both stock solutions, namely plastic and
humic acid. Visual evaluation of soil samples which are collected by verticabrigtadin using sieves of
different diameters, for a sample with a particle size >3.15mm, based on flotation in saturated NaCl solution
and for a sample with a particle size >0. 9mm under a stereoscopic examination by using a 1:30 focus lens,
showed microplatics of different sizes in the soil matrix. Also;IRTanalysis of soil samples, with a particle

size <0.2 mm, showed that the spectrum was identified by 60% as plastic type polyethylene. This indicates
that micro- and nanaplastics have infiltrated inhie soil matrix. Absorption experiments between nano

plastic solution (45,469mg/L) and soil humic acid solution (25mg/L), by using UV/Vis spectroscopy, revealed
an absorption of nanglastic onto the humic acid by 50 %. In addition, the fenton reagent wivich
introduced into the plastichumic acid solution showed that the humic acid degraded by 25%. This
percentage, according to TG analysis, corresponds to a thermodynamically unstable fraction of humic acid
OKFG GKSNXYLEFE @ RS3NI RASdmpdraiive AndlysisIof the U\wixisBbserptiqnspeatrda d
before and after the Fenton reaction showed the existence of a spectra which looks like a humic acid
spectrum with a horizontal plateau at 280 nm, indicating an absorption of quamsiic on it. Aaarding to

the TG analysis this humic acid fraction has a higher thermodynamic stability and thermally decomposes at a
G§SYLISNI G§GdzNE Bnpn c/ ® ¢KAA adGdzRd RSY2yadNrdSa GKIFQ
degradation and the formationf micro- and naneplastics over time. These plastics bind to soil components

like humic acid resulting in significant degradation of cultivated soils
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Introduction

Hexavalent chromium (Cr(VI1)) is a widespread and highly toxic contaminant found in natural and industrial
water bodies. Due to its carcinogenic and mutagenic nature, its removal from drinking water is of critical
importance. Conventional chemical treatmemiethods often produce large volumes of hazardous sludge
and require high reagent consumption, posing sustainability challenges. This work proposes a membrane
based, environmentally friendly alternative to address these issues.

Materials and methods

A novel membrane modification strategy based on Ldyekayer (LbL) assembly of polyelectrolytes is
being developed. Commercial ultrafiltration membranes made of polysulfone (PSf) or polyacrylonitrile (PAN)
are being modified through alternate depositiohpoly(acrylic acid) (PAA) and either polyethyleneimine (PEI)
or poly(diallyldimethylammonium chloride) (PDDA). Glutaraldehyde is applied as a crosslinking agent to
enhance membrane stability. Membrane characterization includes surface morphology, caniget zeta
potential, and scanning electron microscopy (SEM).

Results and discussion

At this stage, membrane development and optimization are ongdihg.surface morphology, hydrophilicity,

and charge properties of the LbL membranes were characterized and compared to those of unmodified
membranes. The results showed that the LbL deposition process led to a smoother surface with enhanced
hydrophilicity ¥ R I £ § SNBER adz2NFIl OS OKIFINAS® ¢KS SFFSOG =27
performance was also investigatetdpcoming experiments will evaluate the membranes' efficiency in
remowving Cr(VI) from synthetic agueous solutions simulating drinking water matrices. The expected outcome
is a significant improvement in Cr(VI) retention, with minimal chemical use and low energy requirements.

Conclusions

This study aims to develop a sustainable membsaaged approach for the removal of Cr(VI) from drinking
water. The method focuses on reducing environmental footprint while maintaining high separation
performance. Results are expected to validate the m&t®@a LR GSydAlLf +Fa +Fy F€GS
chemical treatments.
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Introduction

Textile dyeing is highly watdry § Sy a A @S> gAGK dzLd G2 wnn [ 2F g1 GSN
during wet treatments and rinsing stages, generating highly variable and contaminated effluents (Yaseen and
Scholz, 2019). Washing and rinsing baths offer strong reuse potential, yet dualégd separation remains
difficult. Key reuse parameters inclutemperature, pH, conductivity, color, and chemical oxygen demand
(COD) (Yin et al., 2019). Raale monitoring of these parameters is essential &ffective wastewater
recovery. Dynamic control using online sensors significantly improves recovery efficiency and supports
circular water practices (Moretti et al., 2024). However, sensor selection is challenging due to the harsh
characteristics of dyemneffluents, requiring both analytical precision and operational robustigss.study

aims to develop an algorithm that can manage wastewater flows in real time based on the characteristics of
the wastewater. The first step is to strategically place giesied sensors within the wastewater baths
according to the characterization of the wastewater samples.

Materials and methods

The study was conducted in a textile dyehouse at the small medium enterprise (SME). The plant operates a
batch dyeing process that uses a higimperature (HT) machine. Samples were collected from all process
baths involved in the fabric dyeing processdahe wastewater was characterized. The measurement of
temperature, pH, and conductivity was conducted using a Hach HQ40d multimeter, while color
measurements were taken with a Hach DR6000 spectrophotometer. COD measurements were performed
using a test kitFollowing the analysis of the results, the necessary criteria for sensors were determined.

Results and discussion

Characterization results

Figure 1 shows the baths used in the plant to dye 100% cotton fabric from a single Téwpesults of the
wastewater characterization for each bath generated in the batch dyeingepsoare also shown in Figure 1.
The results indicate that the wastewater chateristics of each bath varifurthermore, the characteristics
of each bath within each recipe vary depending on the fabric type and dyeingeawnts. Thereforetiis
crucial to determine the quality of the wastewater using reale sensors, gpecially for the recycling of
rinsing baths, and to direct the wastewater to the appropriate recycling areas based on the rBssipée
the wide range of sensors and analyzers available on the market for tippgeiof measuring water quality
conductivity, color and COD sensors or analyzers.

Sensorselectioncriteria

In the stage of selection of sensors, it is necessary to take into account the values measured in wastewater
resulting from the dyeing procesSpecifically, sensors that operate over a wide pH range and at high
temperatures should be selectefihese sensors can be tailored to specific requirements through custom
fabrication. The selection criteria for sensors are summarized in Table 1.
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Bleaching —» Rinsing —» Antiperoxide —» Dyeing  — Rinsing —» if:;gg —> Acid —> Soaping -
T 190°C T :70°C T :50°C T :60°C T :50°C T :60°C T :35°C T :35°C
pH 111 pH 110 pH :55 pH 1112 pH 1101 pH 1 7.6 pH :5 pH :6.3
Cond 15,650 Cond 14,000 Cond : 3,000 Cond 139,000 Cond 124,000 Cond :15330 Cond 19,800 Cond 12,810
Color 14,500 Color 1885 Color 1460 Color 110,200 Color 14,100 Color 13,100 Color 12,650 Color : 800
COD 18,000 COoD 16,660 COoD 14,300 COD 13,300 COD 11,040 COD 1590 COD 12,520 COoD 1970

|-> Rinsingg 80 °C —» Rinsingg Cold —»{  Finishing

T : Tempe’?“%’e% Bleaching Processes
T - 80°C T 359 Cond : Conductivity xs/cm
pH 78 pH .73 goolgr zsg/ﬁ’_{co I:l Dyeing Processes
Cond 11,668 Cond 11,550
Color 1125 Color 185
COD 1270 COD 1200

Figure 1 Wastewater characterization for each bath

Table 1 Sensor selection criteria

Parameter Determlr_1ed Range in Preferred Sensor Type Selection Rationale
Textile Baths
Temperature 35¢chnc/ 6 dzLJ | Hightemperature resistant Suitable range: 2(m p n c /
pH 55¢11.2 Potentiometric transmitter Wide pH range: €14
. 1,550¢o0o = nnn . . . . - .
Conductivity (can reach 70,008 & k)] Inductive conductivity transmitter] Effective in high salinity conditions
Color 85-10,200 PiCo Spectrophotometric transmitter Multi-wavelength absorbance
measurement

COD 200¢ 8,000 mg/L UV-254 sensor or analyzer Fast and realime COD estimation

b2GSY 'ttt &StSOGSR aSyaz2NB Ydzad o6S NBaradlyd G2 KAIK GSYl
chemically inert materials are preferred for sensor bodies.

Conclusions

The recovery and reuse of textile dyeing wastewater, particularly from rinsing and washing baths, offers
significant potential for improving water efficiency and sustaility in the textile industryHowever, the
variability and complex composition of these effluents necessitate the implementation of robustimeal
monitoring systems for their recoveryhe integration of online sensors capable of accurately measuring key
parameters such as pldpnductivity, temperature, colp and COD is critical tahieving reliable separation

and reuse of wastewater streamdowever, the successful implementation of such systems is dependent on
the judicious selection of sensor technologies that are not only analytically reliable but also resilient to the
harsh and fluctuating conditionH.is recommended that future research continue to concentrate on the field
validation and integration of advanced sensor platforms within smart water management frameworks for
the textile sector.
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Introduction

The black soldier fly larvakl¢érmetia illucens., BSFL) growth is a westablished method to be integrated

into the waste management systems in dealing with organic wastes, even at a commercial scale where the
matured BSFL are then harvested to be used as animal feed, supplement oil and even foellpookiketion

(Guo et al., 2021; Salomone et al., 2017).

Sewage sludge (SS) is a byproduct of wastewater treatment and a significant nuisance waste. The annual
production of SS has been increasing due to rapid human growth and city developments, and the need to
treat more wastewater. Black Soldier Flyshatrinsic advantages for SS treatment, among them the low risk
of pathogens transmitting by the flies due to their avoidance of human residence. The BSFL can also survive
in a wide range of surrounding environments and inhibit the growth of microbidiqugens in its feeding
substrates (MoheNoor et al., 2017).

This study explored the potential of BSFL bioconversion as a novel approach to sludge valorisation,
F20dzAAYy3 2y 2LIWAYAAAYy3I 0A2YFaa LINRPRAzOGA2Y FyR f AL
process organic waste, this methode® a coseffective, scalable, and environmentally friendly alternative
to conventional SS treatment.

Materials and methods
A series of controlled experiments was conducted to assess the effects of diff€&bdsed feed
compositionsand rearing conditions on BSFL performance. The study irttlsideexperimental setups,
ranging from smaicale (4 kgjo largescale (25 kg) triaJst OF £ Ay 3 §(GSada osgpgrialited P o
experiments evaluating nursery conditions, sludge ratio effects, and incubased feed transition
strategies. Various sludge compositions, including blends with apple waste and olive mill sakd was
(OMSW), were tested to determine the most effective diet fiaaximisinglarval survival, lipid yield, and
biomass production.

Samples were collected from each experimenet@luatethe BSFL performancincluding biomass
yield estimation, survival rate, lipid quantification, and statistical analysis associated with a multidimensional
evaluation of larval growth efficiency and biochemical composition as described in Figure 1.

BSF Life Cycle Analytical Methods for Larval Performance

Harvesting and Lipid Content
Separation Process Quantification
Collecting substrate and Extracting and quantifying lipid

Statistical Analysis
Analyzing data and visuallzing
et

Figure 1: ife cycle of the BSF (Hermetia illucens), showing the four developmental stage&rteft).
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Analytical approach for evaluating BSFL growth and composition (Right).

Results and discussion

BSFL exhibited high survival rates across multiple trials (82% to 97%), with the optimal feed mix (50% sludge,
25% apple waste, 25% OMSW) achieving the highest survival rate (97%). In contrast, diets with excessive
sludge content (>75%) negatively impactad/al growth and survitalLipid accumulation peaked between

days 1615, earlier than maximum biomass production. When the BSFL was grown at the nursery stage on
check feed (CF) and then transferred to the Mix biomass the calculated conversion of dhimtte@SFL
biomass was 21% and the feed into lipids was 6.3%; however, when the BSFL was grown at the nursery stage
on the mix and transferred into CF the calculated conversion of the feed into BSFL biomass was 43.5% and
the feed into lipids was 11.35% Transitioning larvae from sludgmsed feed to nutrientich chicken feed

in later stages significantly enhanced lipid reserves, indicating the potential for optimized feeding strategies
in largescale applications.

BSFL effectively reduced sludge volume by78%, depending on substrate compositiofhe feed
conversion rate (FCR) (75.68s recorded inlargd OF £ § SELISNRA YSy (i & poteriid 1612 v & (i NJ
efficient organic waste processing at industrially relevant scales. Microbial analsis®(larval excrement)
showed a shfold increase in microbial colony counts compared to the initial sludge, suggesting enhanced
microbial activity beneficial for composting and soil applications. However, higher concentratibrassn
indicated the need for additional posteatment measures (e.g., compostingasteurisatio to ensure
microbial safety for agricultural reuse. To mitigate microbial risks, integratingtpestment methods such
as composting, thermapasteurisation and controlled drying can ensure the safe use of Ri8Rled
products in agriculture and bioenergy applications. Leggale trialsat partially controlled environmental
conditions (a heating plate beneath the substraaetivatedbelow 24c /confirmed the feasibility of BSFL
bioconversion for sewage sludge treatment, with consistent survival rate8{88) and table lipid yields
across multiple replicates. However, hidénsity rearing slightly reduced individual larval weight, suggesting
the need for furtheroptimisationin largescale production systems. The results indicate that balanced feed
formulations, optimal rearing conditions, and feed transition strategies can significantly enhance BSFL
bioconversion efficiency.

Conclusions

This research reinforces the viability of BSFL as a sustainable soluti8&rfamagement, transforming
problematic waste into lipidand soil additivesThe integration of BSFL into circular economy systems has
clear promise for environmental, agricultural, and biofuel applicatidnsegrating BSFitbased waste
treatment into existing wastewater management infrastructured)ere this approach could significantly
reduce landfill dependency, lower sludge treatment costs, and contribute to global sustiynefiibrts.
Implementing these advancements will not only enhance industidale feasibility but also drive regulatory
acceptance, accelerating the global adoption of B&=led waste management as a sustainable alternative
to conventional sludge treatemt.
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Introduction
The 2018 EU Bioeconomy Stratdéms povided incentives for the developmenf new value chains, which
usebiological residues andaste as raw materiat® produce high value bibased products. However, for
the establishment of such value chaitisir sustainability should be ensurém an environmental, social
and economic perspectiv&ioReCer (Biological Resources Certifications Schésnas)EU funded project
which hasdeveloged a framework to facilitate the certification of secondary biomass irbbiged value
chains and support their establishment in the European markiis framework includesustainability and
circularity criteriavalidated infour case studies (Greece, Italy, Spain, and Swedih different feedstocks
derived from four important EU sectorise. the agricultural, the urban and industrial, the fishing, and the
forestry. Furthermore, a decisiomaking platform was developed, which can be used by interested
stakeholders, to track and trace the biological feedstocks, to be informed about their circularity, and advised
on the further requirements needetb be certified. The overall scope of the project is to promote the use
and acceptance of added value Hiased products and tenhance circular systems

In this study, the residual biomass from tfeur aforementioned sectors was quantified to evaluate
their potential for valorization in biebased value chains. Furthermore, deddilinput/output tables (I/O
Tables) of two value chains were developed, concerning the valorization of agricultural biomasses from the
Region of Central Macedonia (RCM). Finally, the environmental sustainability of the valorization of straw,
peach tree pruning and peach fruitiip for the production of bidbased compost was assessed through Life
Cycle Assessment (LCA).

Materials and methods

The quantities of available biomass for the four sectors under study were identified thidatgrial Flow
Analysis (MFA]1]. MFAis a useful tool for the assessment of a-b&sed value chain, supporting the
calculation of sustainability and circularity indicators as well as the implementation of an LCA. Recent data
were retrieved from databases related mainly to the primary septoduction and the generation of waste.
When data were lacking or incomplete, reliable assumptions were also made, based on literature and the
opinion of field experts. Additionally, a value chain applicable to the RCM was defined with the use of
extended!/O TablesThe I/O Table provided quantitative data across the value chain, as well as energy and
Peach canning resources need and emissions generation.
oncres s industry For the LCA analysis, statistical data for the

s a - FATE ) \ = Py i
§@ _.fn.:. M* Eﬁfﬁl w/ aZX LINRA Y I NE AY Rdza 0 NA |

Cultivation Harvesting

opinion, conversion coefficients and

- ] literature data were used. The value chain
Peachtree prunings Wheat straw Peach pulp . . .
l' under investigation focused onthe
production of biofertilizers from wheat
@ Biﬁf&i‘éﬁer straw, peach tree pruning and peach pulp
(Figureb).

Figureb. Value chairunder study: production of biofertilizers
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Finally, a comparative LCA analysis was also conducted between thmadaid scenario, which
referred to the production of the biofertilizer, and a reference scenario, which examined the production of
conventional fertilizer, including also the conventibmeanagemenprocesses of residual biomass (e.g. open
0dzNYyAy3 2F aGNI 6 YR LINHzyAy3 FyR | yRBAGSEY I LANELUL
excluding infrastructure processes. The Functional Unit (FU) used for the system analydiskgvas
produced biofertilizer. For the environmental assessment SimaPro v10.2, Ecoinvent database (v3.10) and the
Environmental Footprint 3.1 (adapted) V1.01 / EF 3.1 impact method were applied.

Results and discussion
MFA was implemented for the countries of 28 to detect the secondary biomass generation and uses in
an annual basis. Even thoudtetquantity of the available residualas found to be significant, it is mainly
used for lowesvalue applications, such as energy, or it is not valorized at all (e.g. landfilling or incineration).
Specifically, fishernpy-products are mainlydisposed to landfillsanaerobially digesed or composed.
Approx. 20% of the total fisheries is used for the production of crudeniisdl and crude fish oil without any
further treatment to produce valudased products. Composting and anaerobic digestion are also the main
treatment methods for theorganic fraction of municipal solid wastesnceonly 2% is useih the bio-based
industry. Thesewage sludgéSsS) is mainly directly applied in agriculture, arising environmental concerns for
this practice. The valorization of SS in the-lmed industry is developing, but the quantity used in these
applications remains low (0.3%). Similar eélystions have been made for the agriculturagroindustrial
and forestryresidue since only 3% of them are used for the production of added value products.

A dataset wagreated in the form of an extended I/O table for the production of 1kg o biofertilizer.
For the production 1 kg of biofertilizewét massWM), 0.17 kg of strawdfy massPM), 0.103 kg of pruning
(DM) and 0.525 kg of pulp (DM) are needgidjureb6 illustrates the singlescoreLCAresults for both the bie
based and reference scenarios. The results indicate that thdvdded scenario appears to offer greater
environmental benefits, especially in terms of particulate matter and climate change. These improvements
are mainly attributedto the valorization of agrandustrial residues, which lead to the avoidance of open
burning as well as landfilling, both major contributors to air pollution and greenhouse gas (GHGs) emissions.

140
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Figure6: Comparison of the bibased and conventional scenarios with the Environmental Footprint method

Conclusions

In the present study the quantities and uses of the biological feedstocks in four European sectors were
mapped and a bidased value chain frotthe RCM was identified and compared to the conventional one, in
terms of environmental sustainability. The methodologies used can contributeegource efficiency,
environmental impactminimization and facilitation of circular bioeconomypractices, through the
establishment of biological resources certification schemes.
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Introduction

Renewable energy sources (RES) are the foundation of Europe's transformation. Replacing fossil fuels with
RES contributes to reducing greenhouse gas emissions, which is crucial for mitigating ongoing climate change
and its increasingly noticeable impad&ven the current geopolitical situation, including armed conflicts in
Ukraine and the Middle East, heightened political tensions, and shifting energy policies of key producers such
as the United States, the risk of supply chain disruptions and pricedliahs for coal, natural gas, and crude

oil is increasing. The transition of the economy toward RES enhances enesyffsgfncy and shifts energy
dependence from the global to the regional level. Reducing energy prices is also crucial for enguring th
competitiveness of industries, which are typically characterized by high energy inteRsigks to EU policy

and clearly defined climate goals, the production of green energy in the electricity sector is growing year by
year and in 2024, it reached 46.9%. The most significant are currently wind power (39.1%), hydro power
(29.9%), and solargwer (22.4%), which together account for over 90% of total electricity production from
RES Compared to previous years, wind and solar energy have shown a consistent upward trend, primarily
due to the wide availability of technology and falling production cbdtiydropower, while still a significant

share of RES, is developing more slowly than other types, due to the limited number of suitable locations and
its dependence on water availabilityrhis dependence occurs not only at the EU level but also glebally

Despite benefits of increasing the share of energy from photovoltaic and wind turbines, their generation
remains highly dependent on weather conditions. This inherent variability leads to daily fluctuations in
production, resulting in voltage and frequenosgtability within the power system. The limited controllability

of these sources increases the risk of extreme operational states, such as system overloads and blackouts.
Overload situations are particularly prevalent on warm, windy days and arise mtbaances between
electricity supply and demand: excessive electricity generation with significantly lower demand and a lack of
sufficient energy storage. To prevent damage to the transmission infrastructure, system operators often
resort to partial or comlete curtailment of electricity production from REDue to high investment costs,

the overwhelming majority of RES are not equipped with battery energy store system, which causes
significant losses in available power. Installations that remain connected to the grid during such events are
not necessarilyn a more favorable position, as energy prices during these periods tend to be extremely low
or even negative, rendering electricity sales economically unviabiae opposite trend is observed during
morning and evening hours, when the absence of sunlight results in the limited PV generation, contributing
to elevated electricity prices on the market. This phenomenon is commonly referred to as the "duck-turve"

The growing demand for stable, zeemission energy sources creates new opportunities for the expansion

of biogas plants, which, alongside hydroelectric power stations, are the only forms of RES capable of fully

controllable electricity generation. Currdpt the majority of biogas installations in Europe operate

continuously, producing electricity nearly 24 hours a day. In light of increasing challenges to ensure power

system stability, biogas plants could play a key role as balancing assets. During pesiagplus generation

from other variable RES biogas facilities, specifically a cogeneration engine, could be temporarily turn off.
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The produced biogas could be then stored and used late, during peak demand periods, thereby enhancing
grid flexibility and reliability.

Materials and methodology

Based on available literature, an analysis was conducted of the potential use of deimiael biogas plants

to stabilize power systems in individual EU countries and integrate them with other RES. The analysis was
based on a review of available scientifierature, industry reports, strategic documents, and statistical data
published by EU and national institutions. Three key aspects determining the implementation and efficiency
of peakload biogas plants were considered:

1. Substrate potential
2. Availability and technology development
3. Observed trends in energy markets in individual countries

Results and conclusions:

1. Despite varying levels of biogas production across EU countries, almost all Member States have
operational biogas installations. Their total number is estimated at nearly 20,000, representing only
2.65% of the available production potential. Due to thehhégailability of waste from the agivod and
municipal sectors, the potential for sustainable biogas production in the EU is estimated at 101 bcm by
2040 and 151 bcm by 2050,

2. Virtually all leading biogas technology providers offer solutions enabling flexible plant operation. Biogas
storage can be relatively easily integrated into existing infrastructure, both wet tanks mounted directly
above the fermentation tank and dry tankgerating as separate installations. Ongoing advances in
process automation and digital control technologies also facilitate remote and adaptive operation of
biogas plants, allowing for more precise and flexible responses to fluctuations in electricighdem
within the power system.

3. A marked increase in redispatching events points to a growing challenge of grid congestion and
infrastructure overload. If this trend continues, it could further limit the profitability of RES, including
biogas plant¥'.

4. To date, the main obstacle to the broader implementation of demdride biogas plants has been the
lack of appropriate financial incentives. Most existing installations operate undeiiffietediff or feedin
premium schemes that guarantee stable reventegardless of market price volatility. However, the
expiration of these systems for older projects or regulatory changes, such as the lack of compensation in
the event of negative energy prices, could provide a driver for the introduction of flexibleigiod™"
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Introduction

Poland is one of the largest animal producers in the European Union, with 6.191 million cattle, 9.078 million
pigs and 3.5 million tons of poultry. Such production generates huge amounts of animal biomass: animal
manures, slaughter and dairy waste and eagifood of animal origin. Among all types of biomass produced

in Polandg it is animal biomass that takes the first place in tewfhshe size of the production stream. It is

also worth emphasizing that with almost 110 million tons of manure (excludiiegeatn droppings), Poland

is its largest producer in the European Union. Manure due to its properties (dry matter content above 20%
and tendency to selfieat during storage which promotes strong emissions of greenhouse gases, such as
CH and NO). GdGemissions from manure are much higher than during storage of slurry. Therefore, from
the point of view of climate protection, animal fertilizers should be managed in a different way than
traditional storage in heaps

In this case, the best solution is to use animmnuresas a substrate for biogas plants. Although this
technology produces extremely high levels of methane, it does so under controlled conditions inside
fermentation tanks. In turn, thaligestate i.e, the by-product from the anaerobic digestiorof animal
manures can be used in fields for fertilization purposes without generating further methane emissions.

The aim of the work was to analyze the current role of biomass of animal origin in the Polish biogas sector
and to determine the potential for biogas and biomethane production using this type of substrate. It should
be emphasized that in the analysis oetburrent use of animal biomass for energy production, the authors
focused exclusively on the production of biogas and electricity, because Poland is one of the few EU countries
where no biomethane plant operates.

Materials and methods

Data from KOWR (an agency of the Ministry of Agriculture responsible for supervising the agricultural
biogas sector) and data published by the Central Statistical @@io&Wwere used to analyze the actual use
of animatderived substrates in Poland. Data on the production efficiency of individual substrates from the
research of the Ecotechnologies Laboratory, the largest Polish biogas laboratory, were used to calculate the
amount of biogas produced in Poland. For calculation purposes, it was assumeithéherergy value of
methane is 0.009968 MWh/fand the electrical efficiency of a typical cogeneration unit is 40%.

Results and discussion

Based on the analyses carried out, it was found that the amount of aniaaliresused in the Polish biogas
sector has been increasimyer the lastten years.In the case of slaughterhouse waste, the situation has
been variable over the years, with increased use and decreases (dbte 1)

Table 1.List of selected rawubstratesof animal origin used in agricultural biogas plants in Poland in 2015

2024(tons)
Substrate 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Slurry 598 963| 779203 | 807 223 | 757 555 | 733452 | 764 447 | 805940 | 934 770| 1 052 059| 1 193 132
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Manure 45342 | 81934 | 82703 | 85422 | 84923 | 91681 | 91076 | 95467| 119088 | 132528
\/Svf:tgehterhouse 13387 | 17944 | 15381 | 66847 | 104438| 83131 | 86481 | 125621 158071 | 119059
Chicken

. 14742 | 25643 | 21084 | 22525 | 19741 | 27742 | 30652 | 48230| 61798 | 60468
droppings
Stomachcontents| 8133 | 23146 | 24477 | 18387 | 10607 | 11348 | 8538 | 14003| 13379 | 41780
V[\)/:Q’e'”dus”y 47817 | 89145 | 75977 | 107972 | 125141| 131482 | 134370 | 173731| 273812 | 336933

Based on the data presented in Table 1, the amount of electricity produced can be estimated, taking into
account the average biogas yields (expressed®i@iton of fresh mdter) of individual substrates of animal
origin¢ such a summary is included in Table 2.

Biomass Efficiency Methane production Electric energy

Substrate (t/a) (2024) (CH/t FM) (m3 CHy/substrate) (MWh)

Slurry 1193132 12 14 317 584 142 718
Manure 132 528 42 5566 176 55484
Slaughterhousavaste 119 059 220 26 192 980 261 092
Chickendroppings 60 468 70 4 232 760 42 192
Stomachcontents 41 780 65 2 715700 27 070

Dairy industry waste 336 933 32 10 781 856 107 474

The total amount of electricity produced from animal waste in 2024 was therefore 636,029 MWh, with
the largest share coming from slaughterhouse waste, followed by slurry and dairy waste. It is worth
emphasizing that the amount of energy produced shouldbtieticallybe part ofover 64% of all electricity
(1012183 MWh) produced in the agricultural biogas sector in 2024. However, the efficiency of fermentation
of some of the animal waste was perhaps not as high as assumed in the calculations based eorétieah
efficiency measured in the laboratory.

Meanwhile, the total potential of animal biomass in Poland is gigantic and very little is unused. Taking into
account the amount of cow and pig manure alone, which in 2019 amounted to almost 107 million tons in
Polandwhich allows forlectric energy productionf 44.76 TWh (in continuous operation, 24 hours a day,
excluding service downtime). This may constitute a significant contribution to the Polish power system, which
is currently based on fossil sources in nearly 70%, primarily hard coal and lignite.

Conclusions

The energy potential of biomass from the Polish animal production sector is enormous, and at the same time
currently extremely underutilized, as it currently amounts to approx. 636 GWh. Meanwhile, manure alone
can produce 44 TWh of electricity, and in canation with other types of substratesthe agricultural biogas
sector based on animal biomass may in the future play a very important role in the Polish power system. It
should also be emphasized that biogas plants, unlike other types of; R&S be fuly controllable and
monitorable during their operation and smoothly respond to changes in demand/supply of power in the
national power system.
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Introduction

Sewage sludge is being produced in increasing quantities in modern economies. Due to its high moisture
contentt typically between 75% and 85% (after thickening)e options for its management are rather
limited. Incineration is energetically unprofitablehile pyrolysis or gasification are technically unfeasible.
Therefore, one of the most effective methods is to subject the sludge to biological valorization processes
such as composting or anaerobic digestion.

However, investments in biogas plants require relatively high capital expenditure and are often beyond the
financial reach of smaller wastewater treatment plants. In contrast, the composting process can be
implemented even at treatment plants with low aralsludge production on the order of several hundred

to a few thousand tons.

Due to the very narrow C:N ratio, composting sewage sludge requires the use of an additional structural
material with a high carbon content. Various types of straw can serve as such a material.

The aim of this study was to compare the effects of composting municipal sewage sludge with the addition
of sawdust and various types of straw: maize, rapeseed, and wheat.

Materials and methods

¢tKS adGdzRe gl a O2yRdzOGSR i GKS t2TylFZ ' YABSNEAID
bioreactors designed to model the composting processes of biological materials. Each bioreactor had a
capacity of 165 liters and accurately simulated the costimg conditions found in open windrows and large

scale composting chambers. In the experiment, a constant proportion of sewage sludge (50%) and sawdust
(20%) was used in all mixtures. The remaining 30% consisted of various types of straw: wet maiaejry

wheat, and rapeseed. All composted mixtures were adjusted to the same céohatrogen (C:N) ratio of

14.7.

Results and discussion

During the study, an intensive thermophilic phase was achieved in all compost mixtures (with peak
GSYLISNI GdzNBa NIy3IAy3I FNBY THc/ (2 Tcc/oOd ¢KS KAITF
addition of dry maize straw. This mixture also exhibited longest thermophilic phase, lasting 23 days.
Furthermore, the maximum concentration of ammonia emitted during the composting process was the
lowest for this mixture slightly below 800 ppm while in the other mixtures, it ranged between 800 and

1000 ppm The cumulative ammonia emission was also the lowest for the mixture with dry maiza straw
justunder3kgM | i LISNJ G2yyS 2F RNE O2YLRAaAGSR Yb IGISNK I RdY ®
was measured for the mixture with wet maize straw, wisignificantly higher emissions (8%7 kg) were

observed for mixtures with rapeseed and wheat straw.

Conclusions
In conclusion, all composted mixtures (sewage sludge and organic additives) showed high compostability,
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which was ev[dent through rapid heating of the compost mass, leading to temperatures that ensured
aryAGATFGA2Yy 2F (GKS FSSRait201 ol 023Stpanialarydry LG aK
had a more beneficial effect on the composting process than rapeseed or wheat straw.
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Introduction
The treatment of urban and industrial wastewater leads to the production of sludge which contains organic
matter, nutrients, and hazardous substances that makes difficult to dispose of. The treatment method used
are anaerobic digestion, incineration, angkplysis, which are conventional and characterized by high energy
costs, large facilities and greenhouse gas emissioaatment plants consume large amounts of energy with
the aeration process being the most enetigyensive, accounting for 53% of towhergy consumption. The
increase in global wastewater production and rising energy costs make optimization necessary.

¢CKS 9dzNRLISIY ! yAzyQa 32 f -autdnonmbds ur@iL hy AB0NIvitha5%%4 a A
reduction in emissions. In this context, energy recovery technologies such as gasification are being promoted.
A pilot microsieving gasification system was implemented at the Rethymnon plants as part of the
LIFEB2E4SUSTAINABIMETP project. The results of the implementation showed a significant reduction in
energy consumption and the production of synthesis gas (syngas) capatoieening a large amount tfie
L I ydiQa ySSRao CAylrfftes ¢S y20S 0GKIFG GKS dzasS 27F
carbon neutrality, thereby enhancing sustainability.

Materials and methods
Energy consumption in wastewater treatment plants is an important issue, and innovative solutions are being
explored to achieve energyneutral facilities. A pilot industrialscale unit has been installed at the
Rethymnon WWTP, which includ@gcrosieving drying, and gasification with an internal combustion engine.
The aim is to remove biosolids before the aeration tank, reducing energy consumption, and to use as fuel for
the production of syngas.

The dried biosolids with moisture content of-16% are formed into briquettes and fed into downdraft
gasification reactor, which include drying, pyrolysis, combustion, reduction and ash removal zones. The

syngas produced consists mainly of €4, = | ybRt alsol cpnkins pollutants (particles, tar, sulfur,
chlorine), which are removed by a cyclone. Finally purified syngas is fed into the engine to produce heat and
electricity.

The system is equipped with n@aturn valves and safety measures to prevent malfunctions. The integrated
process is expected to reduce sludge production, improve plant performance, and offer a positive
environmental footprint through energy recovery forbiosolids.

Results and discussion
The study evaluated the performance of a pilot microsiexd@agation system at the Rethymno WWTP.
Microsieving achieved an average removal of 35% TSS, BOD 16% and COD 20%, significantly reducing the
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organic load and energy requirements for aeration. The average dry biosolids producti@Bwagh with

a solids content of up to 45%, suitable for gasificatiime syngas producet | i Mp®Ppiz2E / h mMcdPm
/' hi Top:0 KFER | OFft2NARAFAO @It dzS 2 FTherGblp Gas Ehticiencw | y |
calculation (5460%) confirmshigh efficiency, in line with international literature. The results show that
integrated technology can contribute significantly to the transition of WWTPséoggmeutral facilities

Conclusions

Themicrosievinggasification system at the Rethymno WWTP (220824) with the aim of reducing energy
consumption and recovering energy from biosolids. Microsieving achieved an average removal of 35%
TSS,16% B@Eand 20% COD, leadingto a 749y dzl t NBRdzOGA2Yy Ay (GKS LI I yic
collected biosolids, after drying were used in the gasifier, with the clean PSS yieldie&ligy syngasl ( i

Mp ®pE: Y / h wmc &z T Codgenerationdreatched a/mhximurm abegtiical power &¥\0and an
average of 4.9 kW, significantly enhancing the unit's energysséitiency.The results are in line with the

EU's objectives (Directive 2022/0345) for enengytral facilities, proposing the system as a sustainable and
scalable modefor medium and large WWWTPs. The study demonstrates that integrated technology can
transformWWTPs from energy consumers to producers, promoting circular and ctimeateal wastewater
management.
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Introduction

Reversible Solid Oxide Cells (rSOCs) enable efficient energy conversion and storage by operating in both
fuel cell (SOFC) and electrolysis (SOEC) modes. In SOFC mode, they convert fuels like hydrogen into electricity;
in SOEC mode, they use electricityptoduce hydrogen or syngas. Their dual functionality makes them ideal
for sustainable energy systems, but challenges remain, including high costs, material limitations, and
reliability.

Lowering operating temperatures (from7&@p nc / c¢iign @/nin O2dz R NBf I E (KS&S
of increasing overpotentiatsespecially at the oxygen electrodeequiring nanostructured electrodes and
ultra-thin electrolytes. Oxygen electrodes mufinction in both oxidizing and reducing conditions,
demanding materials with high electrocatalytic activity, mixed (i.e. electronic and ionic) conductivity,
porosity, stability, and TEC compatibility (1).

4G Brtpnc/ X [FYGKFEydzy {GNRYGAdzY aly3alyAaAdsS o6[{av
common, while Lanthanum Strontium Copper Ferrite (LSCF) with Cerium Gadolinium Oxide (CGO) electrolyte
Ad 0SGGOSNI adzA G SR T2 NJ fRCBO aettrodes impoyedperforimghesaadNnizbilitgzNS R
Combining LSCF with BSCF enhances oxygen reduction reaction (ORR) activity and stability (4, 5). However,
high thermal expansion coefficient (TEC) and surface Sr segregation, along with the toxwiitglipfdrive
interest in Srand Cefree alternatives.

This study investigates GNBES [ { C O0[ I e Pp{ NE®mCShi 0 GKAY FAf Y:
Pyrolysis (SSP). Variables such as deposition temperature, time, precursor concentration (0.1 M and 0.025
M), and spray mode (continuous vs. interrupted@res examined for their effects on film morphology,
structure, and adhesion, and compared to films made using organic solvents.

Materials and methods
Aqueous solutions of La, Sr and Fe with a total ion concentrations of 0.1M and 0.025M where prepared by
mixing the appropriate amount of their soluble nitrate salts in deionized water. The cation ratio in the
resulting precursor solutions was La:Sr:Fel=21:Dense ceramic pellets of CGO were prepared by uniaxially
pressing certain amount of CGO powder in a hydraulic press at 187 MPa that was subsequently sintered at
mMmpnnc/ FT2NJy K2dzZNA P

The Solution Spray Pyrolysis (SSP) method (Figure 1) was then applied to spray the precursor solutions on
GKS / Dh &adzoad NI dS Fd GSYLISNY GdzNBa Ay GKS NI y3IS wmn
in a spray nozzle, which produced a spragh 10Mmnn >Y RAF YSGSNJ RNRLX Staod ! T
various time intervals (15min, 30min, 45min, 60min) the films were sintered in situ for 1h and then were
LI FOSR Ay | KAIK GSYLISNI (dNB  § dzgamlinghdi FHNYF O6 ¢ i w
be further sintered. The procedure was repeated under interrupting spraying (1min spray ON/1min spray
OFF) for a total spraying time of 45min and 60min, under the same pressure and temperature conditions. All
samples were characterizdny XRay diffraction and SEEDS.
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Figure 1.Spray Pyrolysis set up.

Results and discussion
X-Ray results showed that the metal salts precursors fully decomposed to their corresponding ceramic oxides,
namely LasSkhsFeQ (LSF). Due to the thin LSF layer, the CGO substrate was also detectablE[SEM
analysis revealed that the most coherent films were the ones formed under the on/off spraying mode (Table
1).

Table 1.Experimental conditions

Sample Film (Total Substrate Spraying mode Sintering Tdep
precursor ion scheme oc/
concentrations, M)

LSF1 0.1 CGO10 15min A 103 1
LSF2 0.1 CGO10 30min A 107 t
LSF3 0.1 CGO10 45min A 114 ¢
LSF4 0.1 CGO10 60min A 114 o
LSF3 0.1 CGO10 | 1 min spray oRl min spray B

on/off off (total spray on: 45min)

LSF4 0.1 CGO10 | 1 min spray oRrl min spray B

on/off off (total spray on: 60min)
LSF5 0.025 CGO10 15min A 103 1
LSF6 0.025 CGO10 30min A 107 1
LSF7 0.025 CGO10 45min A 114 ¢
LSF8 0.025 CGO10 60min A 114 o
LSF7 0.025 CGO10 | 1 min spray oRrl min spray B

on/off off (total spray on: 45min)

LSF8 0.025 CGO10 | 1 min spray oRrl min spray B

on/off off (total spray on: 60min)

'Y LYGSNXSRAIFGS aAYGUGSNARAYy3 2F FANRG RSLIRaAd €1 &SNJ
B: In situ sintering step performed between two spray intervals (on/off) followed by the A sintering scheme.

Conclusions
Optimal conditions for deposition temperature and precursor solution concentration were determined that
resulted in good adhesion and proper structure formation of the deposited films.
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The valorizationof wastewater sludge (WWShrough wasteto-energy gasification offers a sustainable
solution to sludge management challenges while contributing to renewable energy generdtiis study
investigates the dryingehaviorand calorific value estimation of WW&assess its feasibility as a domestic
feedstock for gasification processes. Since drying is an emn@ggsive pretreatment step, optimizing drying
conditions is essential to reduce energy consumption and improve the energy yield of the final product.
Experimentaldrying# 2 { 61 & O2yRdzOGSR 4G G462 O2y(iNRffSR (SYL
effects of temperaturdime combinations on drying kinetics. Data were fitted to four tlager drying

models to determine the dominant drying mechanisms. Results showedithity predominantly occurred

during the falling rate period, governed by moisture diffusion. The logarithmic model best described drying
behavior in layers 2 and 3 at both temperatures, whereas the Henderson and Pabis model was most accurate
forlayerl YR t NAYI NB {SGdtAy3a ¢yl 6t{¢o 4 ync/ @

Additionally, calorific value estimation 8fesh WWS from Drying Beds Layer 2 was found at the highest of
25.458MJ/Kgconfirmed its potential as a viable energy source in gasification systems. The study provides
critical insights into optimizing sludge drying protocols and improving calorific performance, contributing to
effective integration of WWS in sustainable energgovery strategies.

134



(,‘ ) 4" International Conference on Sustainable Chemical and Environmental Engineering
® H0o5 B> 4 September 2@ Thessaloniki, Greece
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Conventional wastewater treatment plants are highly energgnsive and generate large volumes of
biosolids, posing significant operational and environmental burd&€asobanoglous et al., 200®)eveloping
sustainable, energgfficient technologies for sludge reduction and resource recovery is therefore an urgent
priority. This study investigates an innovative integrated process that combines-si@ing and gasification

for the energy recovery of biosolids in municipal wastewater treatment plants (WWTPs). The system was
installed at the Rethymno WWTP (Crete, Greece) at giathe LIFE B2E4ASUSTAINABVETP project,

aiming to enhance energy efficiency and support the transition toward eneegyral treatment
facilities.The pilot unit consisted of three main stages: mgiewving for solids removal, thermal drying, and
downdraft gasification. The produced syngas was cleaned and used in a cogeneration engine for electricity
and heat generation.perimental trials were conducted from November 2023 to December 2024, using
various feedstocks pure primary sieved solids (PSS), dried secondary sludge, andiuiei§8 mixtures.

Results showed that pure PSS achieved the highest gasification performamdecipg syngas with 15.5%

i Mcodm: /hX odx> /1jZX FYR 1Top: /hiX O2NNBaLRYRA
2T mMdpo bYwk{3IZT YR O2fR 3IALa STFFAOASyOe o6/ D90 27F
outputof 9kWarR 'y | @SNIF IS 2dziLddzi 2F nod 123 Ri&eesesgad NI G
recovery.The integration of micreieving and gasification significantly reduced sludge volume and energy
consumption in the aeration stage, aligning with EU Direc982/0345 (COD) targets for energy self
sufficient WWTPs. This approach offers a scalable pathway toward circulacatban wastewater
management.

Acknowledgements¢ KA & &G dzReé A& &dzLJLR2NILISR 06& GKS DNBSy Cdzy!
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Introduction

Heritage encompasses properties and values passed down from previous generations, including historic
buildings, artworks, cultural artefacts, and traditida$ Current conservation methods aim to preserve both
structures and intangible cultural practices. Sustainable innovation in this field mergebiesaly
G§SOKy2t23ASa gAGK GNIRAGAZ2YIE YSGK2R&aX Syadz2NAy3a i

Climate change poses a major threat to heritage, especially coastal sites vulnerable to rising sea levels.
Extreme weather droughts, floods, stormand heatwaves can damage or degrade historic structures,
while air pollution accelerates decay in materials like marble and limestone.

Overtourism is another issue, straining sites and diminishing visitor experj@hc&o address these
challenges, tools like life cycle assessment (LCA) and social life cycle asses4r@&)tdan support a
comprehensive, sustainable framework for conserving heritage while enhancing its authenticity and value
for both locals and visitar

Materials and methods

Regarding the advancements of innovative conservation technologies, starting with the introduction of
artificial intelligence, these applications arvolutionisingheritage conservation. With the help of artificial
intelligence and machine learning, it is now possiblanalyse big data to predict deterioration patterns of
structures and optimisenaintenance Climateadaptation technologie are also becoming increasingly vital
for heritage preservationMeasures such as humidity control systems, floodribes, and temperature
regulating materials are being implemented or developed specifically to address the challenges posed by
changing environmental conditiong8]. Advancements in material science also offer novel protective
materials, consolidants, and methods for preserving sites, aiming at minimising invasion and efficiency.
Protective materials are designed to create a surface layer, less soluble than teeyurgl material,
preventing its dissolution, whileonsolidantsare designed to penetrateesply into the substrates, binding
the materials, increasing cohesion and improving mechanical propetfies|

While recent advances in conservation technologies provide powerful tools for heritage preservation and
resilience to climate change, they also require careful evaluation of theirtenng impacts. LCA plays a
critical role in this process by offering aneprehensive and standardised methodology to quantify and
compare the environmental effects of conservation materials and methods across all stages, from raw
material extraction to application and dispos8ly highlighting environmental hotspots and enaglithe
comparison of traditional versus novel materiadsich as nano lies calcium alkoxides, or solvefiee
consolidants LCA supports the identification of solutions that not only meet technical and conservation
objectives but alseninimiseresource use, emissions, and ecological hginComplementing thiss-LCA
addresses social aspects such as community benefit, stakeholder inclusion, and the preservation of local
identity, ensuring that these conservation strategies are also socially responsible [6].

How HIEUREGRRO project aims to address these Issues

The HHEUREGRRO project directly addresses heritage preservation's environmental and societal challenges
by developing and testing innovative, sustainable methods and materials for cultural, mining and industrial
heritage sites in Greece, Romania andaRdl Through a crossllaboration with universities and ties with
government and industry, it aims to create a regional innovation ecosystem (Fig. 1) that fosters knowledge
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and skill transfer for the green and digital transition. By integrating LCA-a@d\sthe project will ensure

that new conservation approaches are both sustainable and beneficial to local communities. The ultimate
goal is strengthening research excelleaoe creating a model for heritaggased innovation and sustainable
development across Europe.

nm {®ROA
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Figure 1.Example of thd®emo ecosysterBustainable Cultural Heritage Network members
in the Quintuple Helix of Innovation

Conclusions

Incorporating sustainable practices into heritage conservation has become essential, not optional. Due to the
rapid progression of climate change, heritage sites require innovative protection strategi¢mtimirtheir
historical authenticity while ensuring their continued existence. Although emerging technologies present
promising opportunities, they must be implemented thoughtfully. All technological interventions in
conservation must adhere to the principles of minimal intervention and reversibility.
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Introduction

Vanadium (V) and titanium (Ti) are important strategic/critical raw materials (ClR&tsgrewidely used
in manyadvanced productand industrial sectorslue to their excellent physical and chemical properties
(Zhu et al., 2023). Titanium is primarily extracted from minerals such as rutilg &ndilmenite (FeTK
while vanadium is commonly obtained from vanadibearing titanomagnetite (VTM) deposits, rich in V, Ti,
Fe,as well asrace elements (Wang et al., 2025). Global titanium reseawve®stimated aaround 800 million
tons, with highquality rutile accounting for only 6% (USGS, 2025)the grade of ores containing rutile
currently declines, ilmenite (94%) has become the primary titarsoorce On the other hand, global VTM
reserves are estimated at 60 billion tons, far exceediragchioxide deposits containing ilmenite and rutile.

Materials and methods

In order to meet Europe's Critical Raw Materials Act (CRMA) benchmark of 10% domestic extraction and
reduce its reliance on imported V and Ti, the AVANTIS HE project aims to develogaro@aste, mult
YSGltf SEGNI OiGAz2y LINE OSiphitedrashidrcosdanR asI¥ TMidefdogitssandnNding S
wastes i.e. historical & fresh V{bearing tailings (AVANTIS, 2028/)th this lowcarbon, coskffective, and
responsible mining approadhe projects aims teustainably produce V and Ti ptencentates, which can
be further refined into higkpurity Ti metal and 30s, facilitating efficient resource use and minimizing
environmental impactlin this sense, his integrated approaclinvolvesi) life cycle assessment.CA to
evaluate the environmental impacts of V and Ti metal production on human health, ecosystems, and
resources, iijechno-economic assessmentEAto evaluate the economic viability of tailored combinations
of the nextgeneration, lowcarbon mining and beneficiation technologies oveeithoperational lifetime,
and iii)public acceptanceRA / social license to operat(SLO) to assess the level of community acceptance
with respect to land use, local conditions aather sensitive issuefor the extraction ofV and Tifrom
European resourcg$igure 1YKomnitsasandEerola, 202
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Figure 1.Integrated framework to evaluate sustainable extraction of V and Ti frongtade VTM
resources in Europe in the framework of the AVANTIS HE project
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Results and discussion

This integrated framework will offer a comprehensive evaluation of the newly developed mining approach,
which incorporates innovative selective blasting, fragmentation, anecpreentration technologies such as
bulk ore sorting, advanced flotation and nmagic separation to process complex, lgrnade domestic V/Ti
bearing resource deposits that are currently not economically viable. Furthermore, it will maximize the V/Ti
potential of Europe's lovgrade, complex VTM deposits, reinforcing the EU's positiagha V and Ti value
chain enhancing resource sustainability, economic resilience, and technological innovation.

Special emphasis is also given, apart from reducing energy requirements, greenhouse gas (GHG) emissions
and the overall footprint of Vand T4 extraction, on health and safety (H&S) aspects. In this context,
geochemical studies are performed to assessrenmental and human health impacts of PHES present in
the processing chain. Leaching {gépendence and kinetic) tests are carried out to assess the potential
release of elements and define possible management options (e.g., recycling, treatment, disgosan
health-risk assessment is also implemented with the application of bioaccessibility(kstmitsas et al.,
2025; Vathi and Komnitsas, 2025)

Conclusions

In this study, the sustainable extraction of V and Ti fromdpade European VTM ores using a wide range of
low-carbon, neaizerowaste technologies is assessed. Through the integration of environmental, economic,
and social assessments, it aims to red&t$ import dependency, unlock domestic resources, and support
the strategic goals of the recent CRMA.
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Introduction

The rapid proliferation of petroleurbased plastics has highlighted the need for sustainable alternatives, with
polyhydroxyalkanoates (PHAS) surfacing as a favorable solution, due to their high biodegradability. PHAs are
a certain type of bioplastic thaao be produced by bacteria, when grown under stress conditions, in order

to be used as an energy source [1]. The simplest and most studied PHA(R)pdlydroxybutyric acid
(P(3HB))commonly known as PHB. This biopolymer is structured intercellutathe iform of granules that

are called carbonosomes, and despite its promising potential, the high production costs remain a bottleneck
[1].

Pseudomonassp. phDV1, a Gramegative bacterium isolated from petroleunontaminated soil in
Denmark, has been reported to produce PHB when grown in various types of waste, such as phenol and wine
industry waste [1,2]. In this context, a specific type of wastewatecpndary cheese whey (SCW), was used
for PHB production. SCW is afirypduct of cheese making, that contains significant nutrients such as lactose,
nitrogen, phosphorus and mineral salisgredients that render it highly polluting for thenvironment but
at the same time a suitable and cesffective substrate for the production of bioplastic [3].

Materials and methods

Pseudomonasp. phDV1 was cultivated in two basic conditions containing SCW. Due to the lack of
information on the ability of this specific bacterium to consume lactose, SCW was used as is and after
hydrolysis, toutilize the simpler sugars that make up lactose, glucose and galactose. Hydrolysis was
performed with commercially available lactaae a concentration of 36 mg/100 mL, under conditions of
gentle horizontal stirring and a constant temperature ofG5or 4 hoursCultures of the bacterium were
carried out only in the wastewater in its two forms, without the addition of any other media normally used
for the growth of this species. In order to compare the growth and possible PHB production, SCW and
hydrolysed SCW were used at lower concentrationdenthis time, M9 minimal medium was also used for

this type of cultures. Liquid cultures were performed af@2and 200 rpm for 120 hours and 72 hours
respectively. Growth was monitored by measuring optical density at 600 nm uplateareader (Multiskan
SkyHigh Microplate Spectrophotometer, ThermoFischer ScienfifiQultures were performed in triplicate,

to ensure accurate and reliable results.

Potential PHB production was determined using Nile red staining. All samples were prepared using the
protocol used by Geladas et al, 2025 Phservation was performed with an-@hmersed lensinder a Nikon
ECLIPSE E800 microscope (Nikon Instruments Inc., Melville, NY, USA), with an excitation wavelength of
562/40 nm and an emission wavelength of 594 nm.

Results and discussion

Growth curves were plotted for each condition under whiekeudomonasp. phDV1 was cultured. The
results showed that the bacterium was able to metabolize SCW in both forms, both with and without the
presence of the M9 minimal medium. Growth was observed to be slower when cultivated in the wastewater
alone, with the culturetasting 120 hours, compared to the ones where M9 was present, that lasted 72 hours.
The slower rate of development in the first conditions can be attributed to the fact that the sole presence of
the wastewater increases the stress on the bacterium and so it needs more time to adapt to this environment.
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Fgure 1.(A) Growth curves of Pseudomonas sp. phDV1 only in SCW (black squares) and hydrolysed SCW (red
circles).(B) Growth curves of Pseudomonas sp. phDV1 M9 mininealiumwith SCW (black squares) and

hydrolysed SCW (red circles).
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As of the bacterium grew successfully in all the conditions tested, Nile Red staining was performed, so that
possible PHB production would be detected. Both optical and fluorescence microscopy were carried out and
the results confirmed thaPseudomonasp. phDV1 was able to produce PHB when cultivated in pure SCW
and hydrolysed SCW, whereas when cultivated in the presence of M9 minimal medium, the number of
granules detected were much lower. These results can be attributed to the fact that, when grdt i
wastewater alone, the stress on the bacterium is sufficient to allow it to accumulate PHB intercellularly. All
fluorescence microscopy results are qualitative, and further research is needed to confirm the actual
amounts of the biopolymer in each grtiwcondition.

Figure 2. Optical and fluorescence microscopy of Pseudomonas sp. phDV1 uItivated in different conditions;
(A,B)only in SCWC,D)only in hydrolysed SCW,F)in M9 minimal medium and SC{®,H)in M9 minimal
medium and hydrolysed SCW. Scale bar represents 5

Conclusions

Pseudomonasp. phDV1 has been shown to be able to accumulate PHB, when using SCW and hydrolysed
SCW as the sole growth medium, while in cases where the waste was used with M9 minimal medium, very
few granules were able to be observed. Further research is neededeoniee the actual quantities of the
bioplastic produced in the growth conditions mentioned above.
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Introduction

In the context of circular and lowarbon economy and sustainability, the study focused on exploring the
production of hydrogesrich gaseous fuels from olive fpyoducts, with minimum carbon dioxide emissions
to the environment. Fly ash from a lignite pom@ant and building demolition wastes were used to capture
carbon dioxide during the process.

Materials and methods

The experiments were conducted in a fixeeld system, under a nitrogen/steam atmosphere and generated
gases were analyzed by a thermogravimetniass spectrometry unit. The effects of temperature and

sorbent/fuel ratio on fuel conversion, product gas corsjion, heating value and yield of hydrogen were

examined and optimum conditions were determined.

Results and discussion

The optimum Ca/C for fly ash was 1, while for building wastes was 2. Under these conditions, addition of fly
ash captured 86.7 % of carbon dioxide emitted at Z&increased the concentration of hydrogen in the
product gas by 56.9 %, reaching a valués@# %mol, with a higher heating value of 13.3 MJ/Fuel
conversion was 90 %dry and hydrogen yield was*kgn On the other hand, addition of building wastes
captured 94.2 % of carbon dioxide emitted at T8increased the concentration of hydrogarthtie product

gas by 90.4 %, reaching a value of 73.3 %mol, with a higher heating value of 13%4Rd&lraonversion was

92.5 %dry and hydrogen yield was 1.3%ky.

Conclusions

Both fly ash and building demolition wastes were proved to be successful as carbon dioxide sorbents from
the steam gasification process, however building demolition wastes presented a better performance. The
gaseous product from olive kyroducts was riclin hydrogen and suitable for many applications as a fuel.
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Introduction

The increasing share BEnewableEnergy (RE) in the global energy mix has significantly altdestricity
Market (EM) dynamicsThe seltcannibalization effect, where higher RE penetration lowers wholesale
electricity pricesthreatens market profit for RE producerds a coping mechanism RE producers act
strategically and curtail their production undermining the effectiveness of climate policies. Such policies
include the Renewable Portfolio Standard (RPS) and the Green Certificates Market (GCM), designed to
promote RE penetratiorin the energy mix Approachego derive the optimal bidding strategies for a
producer in EM have been presented by Tsimopoulos and Georgiadis (2020). Dimitriadis et al. (2024)
implemented hourly EM and GCM clearing and analyzed the impadtrafegic biddingon profit
maximization by comparing two RE aggregajmossessing the samasset portfoliosNguyen and Felder
(2020)and Kwang et al. (2023) examined the generation investment problem considering GCM while treating
GCs prices as variables. However, they adopted a centralized market framewisnkiollk introducesa
bilevel optimization model to capture thiaterrelation betweerRE investment decisiors GC hourly trading
mechanism and strategic bidding By jointly considering these menisms, the study provides a more
comprehensive understanding of the challenges faced by RE investors in meeting RPS targets, securing
profits, and adapting to evolving market conditions.

Method

The proposed bilevel model incorporates EM and GCM clearing in a generation investment problem of a
producer owning wind farms. The upplewvel problem maximizes the profit of the strategic player, while
deciding on the capacity of the new farms and theding strategies in both EM and GCM. The producer is
considered a pricenaker with a significant market share that can influence EM and GCM prices.

The lowerlevel problems mimic the clearing of EM and GCM respectively. Both markets are cleared on an
hourly basis, aligning with new market trends (EnergyTag, 2021). In thel®&d/Serving Entities (LSES) are
required to meet RPS targets byying Green Certificates (GCs). One GC is ifsuedch MWh otlectricity
produced by RE. Regarding temporal representation, a static model is emplogesing on a target year

with hourly resolution to account for demand and renewable variability. Due to cteipnal complexity,
Chronological Tim®&eriod Clustering (CTPC) is usedltstersimilar operating conditions while preserving
data sequence

The modelinkselectricity demand and the demand f@Csas well as the share BfEn the energymix and

the availability oiGCs By applying KaruskuhnTucker (KKT) conditions, binary expansion techniques, and
duality theory, the model isansformed into aMixed Integer Linear Program (MI_Bglvable by@mmercial
optimization solversThe proposed model is solved using GAMS/CPLEX and is applied on a mdalied 5
power system.

Results and discussion
Table 1summarizes the results for different RPS targets comparing scenarios where the producer bids
strategically either only in GCM or in both EM and GCM.

In a system with a high RPS target (54%), there is a shortage of GCs, resulting in the GCM clearing at the
maximum price (4.5%/certificate). This incentivizes new wind power investmaltitgugh it carrieshe risk
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of lowering EM prices due to the high penetration of RE in the energy mix. Indeed, EM prices decline.
However, by adopting bidding strategies in both markets, the producer becomes the marginal producer,
thereby setting the market pricdn that case, lte capacity of the new investments is chosen to secure a
dominant market share while avoiding zero market prideserting market power to increase EM prices is
not profitableand ad @2 f-@l2YESR¢ LRt A 08 LINBQJI Af aod

Reducing the RPS target to 30% leads to a surplus of GCs, driving down the certificate price. As a result, a
Go2t-aiySSRe LRfAOE 0S02YSa dzyLINPFAGIOE ST yR GKS LI
under a low RPS target, adopting biddimgitegies in both markets still increases profit, as zero prices are
avoided through capacity withholding and EM prices dseing other operating conditionsAlso, in this
context, due to GCs surplus, the offering prices of the-sipategic wind farmsféect the GCM clearing price
and therefore the investment decisionas theGCM biddings increase the strategic player decides on new
investments, since the GCs price also increases. The capacity of the new investments is adjusted to benefit
from the profit margin in GCM while not altering EM clearing prices since that would negatively affect the
total profit by driving prices dowdue toexcessivd&REpenetration.

Table5. Results for different RPS targets and strategic decisions.

RPS Sbtirdadt?ngg;c Riivérl\]/lue Revenue in Inv(el\j;[/r\gent GCs GCs  Profit

target i EM (M$) GCM (M$) issued  sold (M$)

30% Yes 23.5 1.2 40 3,982 3,912 199

30% No 20.7 1.2 20 3,757 3,757 195

54% Yes 40.0 3.5 180 6,586 6,586 22.0

54% No 30.0 3.2 100 5514 5502 21.2
Conclusions

This work presents a bilevel model to derive optimal investment and bidding strategies for a producer owning
wind farms while participating in EM and GCM. The model incorporates the hourly coordination of EM and
GCM clearing and captures the impact of §iNBy & wt { GIFNBSGA&A FYyR NARODIf &ac
demonstrate that increasing the RPS target or the rival offering prices encourages the investor to adopt a
G2 ft-aYSSRéE LRtAOCED 'fazx o6& OGAyYy3 &l NbvardBstn@ntt f & 2
that would entail frequent zero EM prices.
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Introduction

The fast development of technology, the higarformance requirements, and the great demands in
electrical and electronic equipment (EEE) make the replacement of printed circuit boards (PCBs) more
frequent, resulting in large quantities of waste printedcait boards (WPCBSs) that need to be disposed of.
WPCBSs contains a variety of hazardous substances and heavy metals, namely halogenated flame retardants,
cadmium, lead, and other metals that, in order of a sound environmental point of view, should beséelgqu
managed, preferably recycle@®n the other hand, PCBs are composed of base metals and precious metals,
mainly copper, aluminum, tin, lead, zinc, silver, and gold being copper the major metabwitht o n 'z Z
representing a high economic val(@ishi et al., 2007; Koyama et al, 2006).

Hydrometallurgical processes are commonly used to recover metals and are recognized as having the
advantage of being easily controlled, having high leaching efficiencies, being predictable, having low capital
cost, and may be viable under smadlale opertions (Oishi et al., 2007¥.arious researchers studied copper
leaching from WPCBSs using different leaching agents, such as mineral acids, including sulphuric acid (Kumatri
et al., 2016; Oh et al., 2003), nitric acid (Choubey et al., 2015; Maguyon efl2), &td a mixture of acids
(Arshadi et al., 2020; Tunali et al., 2020). However, these acids are not very selective concerning the leachable
metals. Furthermore, nitric acid and aqua regia, due to their corrosive and highly toxic nature, may bring
environmental risks.Thus, some authors have studied environmentally benign alternative reagents to
recover metals such as glycine. These studies reportedatiaio acidhas a high affinity for coppdOraby

et al., 2020 Tandeet. al, 2017).

This work evaluates copper recovery using glycine solutmfeach WPCBs samples followed by reductive
precipitation. Factors that influence recovery, such as glycine concentration, pH and temperature, were
assessed.

Materials and methods

All the WPCBs samples used in this research were from obsolete computers. First, the large components as
the universal serial bus (USB) and the kigfinition multimedia interface (HDMI) were removed from the
WPCBs. The samples were previously ground witharticle sizeof 1 mm to < ¥4 mm. For metals
guantification, WPCBs samples were subjected to chemical attack with aqua regia, according to the 1SO
11466:1995 standard.

The leaching tests were carried out in Erlenmeyer flasks @sthgr 2 mol dn glycine solution, 1 mol drh
hydrogen peroxide solution under @49 or 10at room temperature and 60C during 48 h, and a mechanical
stirring of 500 rpm. Copper was recovered directly from the leaching solutionsdoigtive precipitation
usingzincwith the 2 timesthe stoichiometric amount that copper.

Results and discussion

The results showed that the glycine concentration influenced leaching, being the most significant dissolution
of copper, 44 %, using 2M at 48 h of leaching. At the highest alkaline pH of 10, the dissolution achieved was
31 %. The temperature increage60 (Cwas not shown to be a significant parameter, with practically the
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same percentage of dissolution being obtained at room temperature. The dissolution obtained was not very
high, probably due to the sample's particle size. This could be improved by using a smaller particle size to
ensure sufficient liberation of the metadéd increase the contact area between the metals and the solution.
The copper recovery in the reductive precipitation leaching solutions using zinc w&% @®&r 10 min.

Conclusions

Glycineperoxide solutions leach copper at room temperature, but the dissolution depends on the glycine
concentration and pH. Reductive precipitation is a good alternative to electrowinning for copper extraction
from alkaline glycine. This leaching agest be agreatalternative to the classic leaching agents mainly due
to its high stability and environmentally friendly nature.
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Introduction
The recycling of leadcid batteries (LABS) is essential to mitigate the release of lead into the environment, a
toxic metal widely used in these batteries. One of the main components of LABs is the lead paste, which
contains various compounds such as Iadzt ¥ 6§S 6t 6{ hj o= fSFR 2EARS 6t oh
in the negative and positive plates

To enhance lead recovery efficiency, the paste wasfp@a dzf ¥ 6§ SRY O2y @SNI Ay 3 t 0o
reduced the formation of undesirable fproducts and increased the reactivity of the metallic matrixay)
fluorescence (XRF) analysis confimedtt® B2 YAY | yOS 2F toh oyyod:0I 26
YR GKS [6aSy0S 2F tohi = AYRAOFGAYy3 | £S5&ada O2YLX S

Although pyrometallurgical processes are widely used for LAB recycling, they involve high energy
consumption and significant emission of atmospheric pollutants, prompting the search for more sustainable
alternatives

Among these, hydrometallurgical leaching stands out, promoting the selective dissolution of lead
compounds in agueous media. In this study, sodium chloride (NaCl) was selected as the leaching agent due
to its low cost, low toxicity, and environmental contidglity, in addition to providing chloride ions that
facilitate the formation of soluble R}CI complexes

Thus, this work investigated the influence of NaCl concentration, temperature, andaditighid (S/L)
ratio on the leaching efficiency of PbO, aiming to optimize the hydrometallurgical process for cleaner and
more efficient lead recovery

Materials and methods
Leaching assays were performed to evaluate the influence of three operational parameters: NacCl
concentration, temperature, and soHdjuid ratio (S/L). Lead concentrations in the solutions were
determined by atomic absorption spectrometry (AAS).

For the study of NaCl concentration, solutions of 1 M, 4 M, 5 M, and 6 M were tested. In each assay, 5 g
2F OoFGUSNE LIadsS gra FRRSR (G2 wnn Y[ 2F azfdzirazys

To investigate the effect of the soll@juid ratio, three proportions were evaluated: 40 g/L, 20 g/L, and 10
g/L, corresponding to the addition of 5 g, 10 g, and 20 g of sample in 200 mL of 4 M NaCl solution. All assays
were conducted under constant agiitan at room temperature, with sample collection over 24 hours.

Finally, the influence of temperature was assessed using the optimized concentration determined in the
previous step. Leaching assays were performed with 5 g of sample in 200 mL of NaCl solution, at room
GSYLISNI G§dzZNB 6d9up c/ 0 | syiring, with samplingcconBuctddydveS24holr. y i A Y dz2
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Results and discussion
The increase in NaCl concentration significantly enhanced lead recovery. The 2 M solution resulted in 13.23%
recovery after 24 h, whereas 5 M achieved 32.28% in just 6 h. No substantial gains were observed above 5
M, indicating a saturation limit.

Reducing the solitiquid ratio (S/L) also improved leaching efficiency. The lowest tested ratio (2/200) led
to 23.97% recovery in 2 h, while the highest (20/200) limited recovery to 3.49% in 8 h, likely due to greater
chloride ion availability and improdemass transfer at lower S/L ratios

¢KS GSYLISNI Gdz2NBE Ay ONBF &S Fdz2NIKSN) 62280SR NBO20OSN
c/ X Iy ANNBIdzZ I NI 6SKIFEPA2N) 61 & 20aSNBSRE ALK |y
possibly associated with secondary phase fdiareor surface passivation

¢KSaS NBadzZ §a KAIKEAIKEG GKS AyFEdzSyOS 27F 2LISNI GA
S/L ratio as optimal conditions for efficient lead leaching

Table 1.Summary of assay conditions and respective Pb recoveries

NaCl concentration S/L ratio

Assay Temperature ¢ Y | Time (h)| Pb Recovery (%)

(M) (9/200 mL)
Effect of concentration 5 5/200 Ambientd 9 H p 6 32,28
Effect of S/L ratio 4 2/200 Ambientd 9 H p 2 23,97
Effect of temperature 4 5/200 60c / 8 31,48
Conclusions

The results demonstrate that the increase in the concentration of NaCl, the temperature and the reduction

of the solidliquid ratio favor the leaching of lead, with significant gains in the efficiency of the process. The
concentration of 5M, temperature of 60c / FYR { k] NFGA2 2F HkHnn O2y1
promoting recoveries of more than 30% in reduced times. However, a threshold beyond which gains become
marginal or negative was identified, as observed with concentrations abdvea&d hightemperatures.

These results are relevant for the development of more efficient and environmeng@lpropriate
hydrometallurgical routes in the recycling of LABs, highlighting the need for future studies for optimization

on an industrial scale.
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Introduction
Reactive Red 120 (RR120) is an anionic, tridzased azo dye with low biodegradability, which significantly
contributes to water pollution and poses risks to human health. Therefore, its effective removal from water
and wastewater is considered essenti@dlmong available methods, adsorption is recognized as a cost
effective and technically simple approach capable of removing a wide range of poll(Aaatstopoulos et
al., 2024)Within the modern and novel trendewardswater purificationis the utilization of biomaswaste
derived compounds to eliminate the environmental footprint. This emerging approach focusdbe
transformation of agricultural residues, food waste, and other organic byproducts into vediged
adsorbent materials. These sustainable materials not only offer actssv and abundant alternative to
conventional adsorbents but also promote circular economy principlemhyerting wasteinto functional
remediation media

This study investigates the removal of RR120 from aqueous solutions thaolegiption onto oxidized
biochar derived from palm tree fiberOPB.

Materials and methods
Palmtree fibers were collected from the University Campus of the University of Cyprus, washed with
RSA2YAT SR 461 GSNE OFNDBb2YyAT SR Fd cnn ¢/ F2NIwm KI |y
for 3 h as described by Liatsou et al. (2016).
The amount of the adsorbed dye e equilibrium state was estimated using the equation
g =12 (1)
m

The effect of pH on the adsorption of RR120 onto OPF was studied under the following conditions: the pH
was varied from 2.0 to 10.0, while all other parametgush asinitial dye concentration (50 mg/L), adsorbent
dose (0.1 g), contact time (1440 minutes), and temperature (298d¢e kept constant.

Adsorption isothermsvereA y #Sa G A3 GSR 4 G2 RAFTFSNBYy (G GSYLISNI
were conducted under controlled conditions: the solution pH was adjusted to 2.0, the initial dye
O2yOSYUNY GA2Y NI Yy3ISR FNRBY -tersolutivreratiowas’ | MF K[ A YISYRR I TliK S
nonp [@ !'ff FTRA2NLIIAZ2Y (GSaida 6SNB LISNF2N¥YSR +d +y

Results and discussion
Figure 1showsthe effect of pHon the adsorption of the dye RR120 onto OREpH values above 4.0,
adsorption is nearly zero, as the adsorbent surface is negatively charged due to deprotonated carboxylic
groups, while RR120 exists in a fully anionic form because of its sulfonic groups. This leads to strong
electrostatic repulsiorbetween the dye and the adsorbent surface. In contrast, at pH values below 4.0,
surface protonation/ hhl 0 NBRdzOS&a (KAd NFIWENIODEXR2YySYyoiREBHEIy-
2F GKS ReéS IYyR GKS 3N} LKAGAO R2YFAya 2F (GKS F Raz2NJ
carboxylic groups and the sulfonic groups of RR&2@ilar results werdound by Tsiantouka et al. (2024),
who investigated the adsorption of tiidye RR120 usingyracantha coccindaerries powdered biomass
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Figure 1.The effect of pH on the adsorption of RR120 dye by OPF

Figure 2 presents the adsorption isotherms of RR120 ofbaD293 K and 323 K. Increasing the initial
dye concentration from 10 to 300 mg/L led to a significant rise in adsorption cafemxityl.3 mg/g to 58
mg/g at 293 K, and from 0.9 mg/g to 5.0 mg/g at 323 s increase is due to the higher concentration
gradient, which acts as a driving force to overcome mass transfer resistance wiotbeulesbetween the
agueous phase and the solid pha3siantoukaal., 202).
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Figure2. Bdsorption isotherms of RR120 dye onto OPF at 293 K and 323 K.

A slight decrease in adsorption with increasing temperafgrexdecreasing from 6.8 mg/g at 293 K to
6.1 mg/g at 323 I suggests the exothermic nature of the adsorption process. Similar results were reported
by Kim et al. (2019), who investigated the adsorption of RR120amtnopropyl functionalized magnesium
phyllosilicate.

Conclusions
OPHs an efficient material for RR120 remavahe adsorption is favored in acidic jahd the increase in

temperatureresults in a slight reduction in adsorption capacity, indicating the exothermic nature of the
process.
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Introduction

The growing contamination of water resources poses a threat to both human health and aquatic ecosystems.
This study exploreghe development of sustainable andcofriendly adsorbents produced from

agricultural waste and by products of the energy sector, aimed at removing harmful pollutants such as

organophosphorus pesticides (OPPs). By integrating waste valorization with pollutant remediation, this

research offers a cosdffective water treatment approach that supports circular economy principles and

environmental sustainability (Satyam and Patra, 2024).

Materials and methods

To support the development of the adsorbents, a comprehensive experimental procedure was conducted
based on the work developed by Kim and Sung (2018). Briefly, the extraction comprises three main steps:
production of ash by thermal treatment, alkaline digien followed by acid neutralization. An overview of
silica extraction process is illustrated in the schematic shown in Figure 1.
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nnnnnnnnnnnnnnnnnn

Figure 1.Diagram of silica extraction.

A range of characterization techniques was employed to analyze the materials at various stages of the
process. XRay Fluorescence (XRF) and Las#wced Breakdown Spectroscopy (LIBS) were used to
determine the elemental composition of all samples. Fourfeansform Infrared Spectroscopy with
Attenuated Total Reflectance (FIARR) identified the functional groups present in the raw and processed
materials. Thermogravimetric Analysis (TGA) assessed thermal stability and weight loss under oxidative and
inert atmospheres.Dynamic Light Scattering (DLS) and Zeta Potential analyses provided insight into the
FRA2NDSYiaQ o0SKFEPA2NI AY F1jdzS2dza YSRAIFIIZ NBGSItAy3
surface charge characteristics. BrunagEemmettTeller (BET) anais was used to determine surface area
and average pore width, while Scanning Electron Microscopy coupled with Energy Disperaive X
Spectroscopy (SEEDS) offered morphological insights and confirmed elemental composition,
complementing pevious analysesThe removal of psticides following the adsorption experiments was
achieved using an optimized ligdiduid extraction procedure, with -hexane as the extracting organic
phase. The workflow is depicted Figure 2.
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Fgure 2. Diagram of pesticide extraction.

Quantitative and qualitative analysis of the extracted pesticides was carried out using Gas
Chromatography with a Flame Photometric Detector-{FD).

Results and discussion
Silica extraction yields ranged widely, from as low as 2% to as high as 97%, reflecting the diversity in
composition and efficiency of the extraction process. The final silica products exhibited silicon purities
between 8% and 33%, indicating varying lsex@lrefinement depending on the source materBET surface
area analysis revealadiluesN} Yy 3Ay 3 FNRY nu (2 onpddpc Yuk3IZ &adza3as
applications, particularly in materials with higher surface ardasanalytical methodlogy for the extraction
of organophosphorus pesticides (OPPs) was successfully developed and optimized. Recovery rates for the
pesticide extraction ranged from 4% to 89%, demonstrating the effectiveness of the method across different
concentration levelsind sample matrices.

Figure 3presents representative results from one of the experimental processes, including FTIR spectra
of all involved materials, SEEDS analysis of the final product, and a GC chromatogram of a standard
solution containing the target OPPs ifhaxane.

© (i)
Figure3. A representative (a) FTIR spectra of the products involved in one of the processes;ED)SSEM
analysis of the respective final product and (c) the GC chromatogram of the OPP pesticides.

Conclusions

The study demonstrated that agricultural and industrialdmgducts can be effectively converted into
adsorbents suitable for pesticide removal. While silica yield and purity varied, several materials showed
strong adsorption potential. Additionally, antipized extraction method allowed for the efficient recovery

of 3 out of 6 targeted pesticides, supporting a sustainable, circular approach to water treatment.
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Introduction

Plastic waste is one of the most widely used materials, with production continuously incregsenglobal
plastic production has reached approximately 414 million tons per year, with Ecoopebuting~54 million
tons in 2023. A significant portion of this plastic waste ultimatelgumulates in the soil, posirsgrious
environmental risks.

In this context, the Plastic2Fuels projeitns to process plastiwaste via combined thermocatalytic
processes tgroducemarine diesel fuelsMarine fuels stability assessment constitutes a critical factor in
ensuring the fuel performancereducing operational problems due to fuel instability. Towards this, a
dedicated storage study difie final product is in process in CPERI/CERTH. In particular, maridieefedis
A02NBR F2NI mu Y2y (GK& G FYOASY(G O2yRAsHfaRiy@astié I @S NI
containers outdoors under a shed, without direct exposure to sunlight. The final product is anaelergd
month to evaluate potential degradation in its properties during storage. To datenthrne fuelsare stable
as verified by their qualitative monitoring in terms of Total Acid Number (TAN), density C, viscosity, and water
content Furthermore, the aging rate of the marine under accelerated conditicosinedtemperature
and aireffect) wasexploredtowards a comparison basigth the conventional storagstudy.

Materials and methods

During conventional storage, the samples were placed in plastic containers shielded from sunlight and
maintained under ambient environmental conditions, including temperature and humidity fluctuations. The
monitoring periodis 12 months, during which monthly analyses were carried out. These analyses included
measurements of viscosity i msingtiie ASTM D448nethod, water content using ASTM D1744, &iAN

according tothe ASTM D974nethod. CdzNJi KSNY 2 NBxX RSyairde 4G wmpx/ |y
measured with theASTM D405&hethodand theASTM 30 methodrespectively.

In parallel, accelerated oxidation tests were conducted in a controlled laboratory setup to simulate long
GSNY RSINIRIGAZYD ¢KS FdzSt 61 & SELRASR G2 | GSYLIS
for durations of 2, 4, and 10 hours. Thesaditions were selected to evaluate the stability and determine
the copper strip corrosion classification, allowing comparison with-tieed storage results.

Results and discussion
¢KS a02N}3IS SY@ANRYYSY(d KIR Iy | @SNI IS (h&ablISNI Gd
variationswere observed in the adig or other critical properties during this period. Similarly, the upgraded
final marinediesel¥ dzSt = aG2NBR 4 |y | @ aMlnddy ofie6%, ndsiMtdinéddNGS 2 1
stability over a fivamonth testing period(Figurel). Particularly, the oxidative stability of thmarine fuel
remained constant at 27 hours, as measured by ELOT EN 15751, indicating no sigresdatidag

Under accelerated oxidation conditions, despite the exposure to elevated temperature and airflow, the
marine fuel exhibited minimal degradation. The measured parameters remained within acceptable limits,
and the copper strip corrosion classification remained at 3A, which is considered safe for fuel applications.
However, a slight shift in the copper corrosionssification was observed, suggesting trethough the fuel
remained stable, certain properties may be more susceptiblexidative stress.

A comparative assessment of texaminedstorage conditions revealhat the conventional storage

resulted in limited variation in the physical and chemical properties of the fuels. In contrast, the accelerated
oxidation led to a faster decline in quality indicators, although not to levels that would render the fuel
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unstable. The observed changes in copper corrosion classification under both conditions highlighted the
importance of this parameter as a sensitive indicatodyfiamicaging.
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Figure 1 Marine diesel analyses

Conclusions

The marine fuels derived from plastic waste demonstrated excellent stability in both conventional and
accelerated storage conditions. Their consistent performance over time, particilaidyms ofoxidative
resistance and minimal acid formation, confirms their suitability for {targh storage and use in méime
sector.

Conventional storage was found to be sufficient for preserving fuel quality for at least five months, while
the fuels also proved resilient to accelerated aging processes with only minor changes observed. These
findings support the practicality and relidiby of plasticderived marine fuels, reinforcing their potential role
as a sustainable alternative energy source in line with circular economy principles.
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Introduction
Materials and methods

The accelerating demand for critical raw materials (CRMs) driven by the twin forces of climate change and
digital innovation poses significant challenges for the mining se@&aropean industry is exposed to
significant risk in terms of the supply of CRMs due to its high import dependence on other countries and the
high level of concentration of these materials in specific countries. Therefore, the challenge of ensuring that
keysectors have access to a sufficient supply of CRMs to facilitate the acweieshithe energy transition
is considerableAddressing these challenges requires a new generation of professionals equipped not only
with advanced technical skills but also with a deep understanding of sustainability principles. The IMMERSE
project, an Erasmus+ initiative, responds to this urgerdchby embedding immersiv€irtual Excursions
(VEs) on the Life of Mine (LOM) cycle of CRgthe university curriculaf its project partners specializing
in mining engineering and geosciendésilabadi et al. 2024)

IMMERSE simulates reabrld mining environments by means of VEs utilizing tn&golution, field
OF LWidzNBR ocnc LI Yy2NIYIFad ¢KSAS AYYSNRAGDS OANIDdz €
containingCRMs in a safe, controlled learning spdltachairas et al 2025Yhe VEs modules are integrated
into academic courses focused on miniggology, sustainable ore processing, geotechnical engineering,
low-impact extraction technologies, cuttiredge exploitation methods and environmental managa)
ensuring alignment with both accreditation standards and essential industry skills.

Results and discussion

MMERSE addresses critical challenges in mining education by bridging the gap between theoretical
learning and practical skills development. Pilot implementations at partner institutions have shown that
students who engage with VEs report higher motivateord a deeper understanding of complex mining
processes compared to traditional classroom methods. The immersive environments effectively simulate
operational mine sites and sustainable practices, enabling learners to safely exploveoriEhkcenarios
without geographical limitations. Furthermore, IMMERSE's modular design enables continuous feedback and
adaptation to student needs, fostering an interactive learning experience. By providing a scalable, cost
effective alternative to conventional field tripfMERSE helps to offset declining enrolment trends and
equips future professionals with the technical expertise and strong ethical framework necessary for
sustainable resource management. This brings mining education into closer alignment with thegevolvin
demands of the clean energy transition.

AcknowledgementsThe realization of the IMMERSE project has been made possible by funding from the
ERASMUS+ grant programme of the European Union (grant number1ADEB1KA226HED000165332).
We are deeply grateful for their invaluable support, which has enabled usdertake this important
endeavour. Their commitment to promoting educational initiatives and intercultural exchange has been
instrumental in shaping the trajectory of our project and empowering us to make meaningful contributions
to our field.

160



- 2%“(2 4™ International Conference on Sustainable Chemical and Environmental Engineering
2025 F* 4" September 2@ Thessaloniki, Greece
References

Leilabadi, B.., Lottermoser, B. G., Roach, M., Varouchakis, E. A., Machairas, E., Barrionuevo, F. G., Macia, M.
T., Nieto, J. M. 2024. The IMMERSE Project: Virtual Excursions on Critical Raw Materials for the Clean

Energy Transition. Mining Report 160(6), @I . htips://mining-report.de/online-kiosk/miningreport-
glueckaufausgabes-dezember2024/

Machairas, E., Varouchakis, E., Lottermoser, B. G., Leilaba@®p&ch, M., Barrionuevo, F. G., Macias, M. T.,
Nieto, J. M. 2025. Innovative Training in Critical Raw Materials: The IMMERSE Project's Role in Advancing
Education for the Clean Energy Transition (No. EGI3837). Copernicus Meetings.

161



d b . 4" International Conference on Sustainable Chemical and Environmental Engineering
® H0o5 B> 4" September 2@ Thessaloniki, Greece
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ABSTRACT

Introduction:

The assessment of soil health in crop development is currently an important problem in agricultural
engineering.Aim: In this work, the microflora profile of the grapevine rhizosphere is investigated as an
bioindicator of soil quality by PLFAs techniglveethodology: Soil samples taken from the rhizosphere of

vine and potted vine stumps were grown in petri dishes and evaluated by PLFAs technigue usliBg GC
chromatography ResultsDiscussionCulture in petri dishes showed that the presence of copper reduced
the colony population while the presence of humus as a soil amendment increased the colony number even
in copper cataminated soil. GBS chromatography for the case of field samples showed molecules
identified as PLFAs, with C24 to C30 and concentration >1ppm only in the case of humus incorporation in the
soil, while in potted management only one C24 molecule appeattse presence of copper. In the case of
GLFAs we have most of the molecules with concentration >1ppm carrying carbon atom number C10, C13,
C15, C17, C18, C24 in all treatments. Finally for the case of NLFAs, the moldeptadecene [GHsd)

appears irall the treatments at a concentration >1ppm except for the case of incorporation of humus in soil
for the potting case, while the addition of copper in the potting case shows the most molecules compared to
the other treatments. According to Hawif al.(2012) microflora is arranged by a series of phospholipid traits
peaks derived from microflora groups. Different colony populations and chemical molecules between
treatments are a characteristic feature of changes in soil microffoceclusionThe presene of humus in

the soil inactivates the effect of pollution on the rhizosphere microflora improving the yield of a vineyard.

Keywords:PLFAs technique, soil microfauna, humus, heavy metals, soil amendment
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Introduction

Coffee is one of the most popular beverages in the world and generates huge amounts of coffee grounds
(CG). If not recycled, coffee grounds pose a significant environmental burden. Scientific research indicates
that thanks to their physical and chemicabperties and high content of organic compounds, including fats
(15-21% oil), they have high potential as a renewable energy source, in particular as a fuel.

Coffee grounds have a high calorific value, comparable to or even higher than some fossil fuels or wood
biomass. The average calorific value of dry coffee grounds is aroutl RIJ/kg, and after processes such

as torrefaction (thermal treatment of biomasd high temperatures but in an oxygdree atmosphere), it

can increase to as much as 32 MJ/kg. This is comparable to the calorific value of hard-28a\(ZKg).

Another very important aspect of coffee grounds processing is the reduction of their disposal in landfills,
where their decomposition in anaerobic conditions leads to the emission of methane, a greenhouse gas that
has a much more harmful effect on the emnment than CQ@

Challenges and pr&reatment

The direct use of fresh coffee grounds is difficult due to their high moisture content (up-80%0after
brewing), which significantly reduces their calorific value, and the presence of certain compounds that affect
the combustion process and emissioReducing the moisture content is crucial for efficient combustion.
The ideal moisture content should be below 35%. To produce pellets or briquettes, the moisture content of
coffee grounds should be limited to 15% or less. In addition, the mechanical thti@figellets or briquettes

made from coffee grounds does not meet transport standards. Another major challenge is that the
combustion of pure coffee grounds leads to highild@d CO emissions.

Ways of using coffee pellets as fuel

Pelletizing and briquettingoffee grounds in combination with other types of biomass (wood sawdust, straw)
are effective methods of fuel preparation. They have a significant impact on improving the physical properties
of fuel, such as bulk density, ease of transport, storage, @sthd into boilers. By blending coffee grounds
with other types of biomass, it is possible to influence the emissions and physical properties of the fuel
produced.

Pyrolyzingused coffee grounds is an effective waste management solution for the coffee industry. The bio
oil produced in this process contains oxygenated and hydrophobic compounds, such as fatty acids, fatty acid
esters, paraffins, olefins, and caffeine. The-tiloyield from coffee grounds can reach 62%. Due to the
abundance of coffee grounds and their behavior during pyrolysis, it can be concluded that coffee waste has
great potential as a valuable bioenergy feedstock.

Gasificationis the thermal conversion of biomass at high temperatures using a small amount of a gasifying
F3SyGs adzOK Fa FANE 2Ee3aSys 6 GSNI GFLER2NE 2N/ hi @
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not its complete oxidation. This produces a combustible gas called syngas. Using the synergistic effect of
gFGSNI GFELIRN FYR /hi Ay O2FFSS INBdzyRa& Il AAFAOIGAZ2
nearly 72% cold gas yield.

Carbonizationis a process of thermal treatment of biomass in an oxylgea environment. This process

leads to an increase in the amount of energy per unit of fuel mass, which is important for storage and
transport wS &S+ NOK AYRAOIFIGS&a GKFG &adzoa2SOGAy3a O02FFSS 3N
biochar, which can be used as a substitute for existing fossil fuels.

Conclusions

Coffee grounds are a valuable source of biomass with high energy potential. Their combustion,
particularly combined with other biofuels, can help reduce waste and decrease dependence on fossil fuels.
However, fuels produced from mixtures of different typeshiomass and coffee grounds should be tested
for gas emissions, particularly Nénd CO. Coffee grounds can also be converted into-dmghgy fuels
through pyrolysis, gasification, or carbonization processes. Unfortunately, these methods require high energy
input, which limits their use for energy purposes.
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Introduction

The European Green Deal constitutes a significant milestone in the EU's efforts to reduce its environmental
impact, with a pronounced emphasis on the utilisation of renewable energy as a pivotal element in fostering
sustainable economic growth and mitigagi the effects of climate change. Despite the robust ggoml

sector and the advantage of more agricultural land than Germany, Poland's biogas market is underdeveloped.
The number of biogas plants in Poland is approximately 300, including 135 agriasalvith a combined
capacity of just over 152 MW. In comparison, Germany has 9,500 plants and a capacity of 9,300 MW. The
agricultural and processing industries in Poland generate significant quantitiespobthycts that are well

suited for biogas prduction. However, the sector's full potential remains untapped. In 2024, the leading
feedstocks for biogas include pestughter residues, fruit and vegetable waste, slurry, and food processing
waste.

The Lubuskie Voivodeship, located in western Poland, is one of the smallest and least industrialised
regions in the country. The region exhibits a population density that is notably lower than the national
average, and is distinguished by a substantiatenee of forest cover, which accounts for almost 50% of the
total area. The region's low energy demand, coupled with its favourable conditions for renewable energy
particularly wind, biomass, and bioggscreate opportunities for further development. Atresent, nine
agricultural biogas plants are in operation within the voivodeship, with capacities ranging from 0.25 MW to
1.14 MW, predominantly situated in the southern region of the region.

Materials and methods

In order to estimate the amount of biogas energy that can be produced, the quantity of wet manure
generated by different types of farm animals was calculated (1) based on statistical data. The feasibility of
collecting manure is contingent upon the duratiof the animals' stay in shelters, and the efficacy with which
manure can be gathered and stored during this period. Consequently, the amount of manure that is actually
collectable and available for biogas generation is expressed as a percentage (@6jingefits true
collectability and availability (2).

"0 00 000opp—, (1)

a .
——=.h

0O O0 YO wO0'YD O(Bld)'Q(bl )

Where:

FMclE Y2dzy G 2F FNB&K YIydz2NBE 6131 &SI N

AN¢ number of animals,

ADMclF GSNI 3S REFEAET @ YI ydaNE ENBRAUMWGAZY LISNI FYyAYEFE 613
ME ¢ biogas production potential (fyear)

FMcl Y2dzyd 2F FNBZK YIydaNBE o613i &SI NJ

SM¢ solid matter content (%)

VDM volatile dry matter content (%)
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RM¢ raw materiatspecific methane production rate fn /4l t @+ 5 R
AV ¢ availability of animal manure

The biogas production potential from plant substrates and waste was calculated based on yield/generated
waste, dry matter content, biogas yield. We assumed 5% production for all plant products and 100% of waste,
which is summaries in equation 3.

0°Y 0®O00 YO 6 d)—, 3)

Where:

PS¢ biogas production potential (Afyear)

PYCKEF NBSaAaGSR 0A2Yl aak3IYySNIGSR 61 adsS oadi @Sl N
DM ¢ dry matter content (%)

RM¢ biogas production potential (fh )3

AV availability of resources, 5% was assumed for all plant raw materials and 100% for waste

Results and discussion

The availability and characteristics of substrates for biogas production in the Lubuskie Voivodeship are
influenced by spatial and temporal variability, reflecting national trends. Cattle manure is considered the
most valuable animabased feedstock due tits stable supply, high volume, and favourable composition for
fermentation. Notwithstanding the decline in swine population numbers, the manure of these animals
remains significant due to its high methane yield. The poultry sector is expanding raffeiygosignificant
potential for growth; however, the emergence of avian influenza poses considerable challenges. The quantity
and quality of manure from sheep, goats, and horses is less consistent. Amondpgdadt substrates,
oilseeds and green maizeeaof increasing importance due to their fat content and ease of processing, while
cereals are effective, particularly when-dimested with manure. Conversely, soft berries and tree fruit
possess a comparatively restricted potential. The presence oftinalusaste from the dairy, wood, and food
sectors serves to further enhance the region's biogas capacity. The efficient utilisation of this diverse
feedstock base is predicated on the implementation ofdagestion practices and the advancement of
collecion technologies. Nevertheless, regulatory, logistical and ethical bargenscluding land use
competitiong continue to represent significant impediments to sustainable development.

Conclusions

The utilisation of waste feedstocks in biogas production constitutes a pivotal component of the circular
economy, conferring environmental benefits through the mitigation of methane emissions and the
generation of renewable energy and organic fertiliséFae effective management of fermentation -by
products has the potential to markedly reduce reliance on synthetic fertilisers, thereby supporting
sustainable agricultural practices.

Notwithstanding the fragmented nature of its agriculture and the paucity of its industrial development,
the Lubuskie Voivodeship demonstrates considerable potential for the development of biogas. The significant
organic waste streams, particularly thosegmnating from industrial poultry farming, could be utilised more
efficiently. While emerging sectors such as viticulture present novel opportunities, the region's full biogas
potential remains underutilisedlhe realisation of this potential is contingeuppon the stabilisation of the
regulatory framework and the addressing of social concerns, which at present limit the broader deployment
of biogas technologies in the region.
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Introduction
Mortality in intensive poultry farming generates substantial quantities of carcass®8o(®f the broiler
production cycle), posing significant sanitary and environmental challenges (Gwyther et al., 2011). In Israel,
management typically involves esite mokers, which are effective for odor and pathogen control but are
energyintensive and often cannot handle all carcasses, esitmaccumulation in pits followed by transport
to distant licensed composting facilities at the end of tlt@ Gveek cycle.

The black soldier flyHermetia illucensBSF) is a local, ngast bioconverter of organic waste into
G tdztq 6tS fFNBFHE 0A2YI&aad adsaadGlroftS F2NIFyAYFE FSSR
et al., 2019), and biomaterials (Testa et al., 20Bm)wever, BSF larvae thrive best at temperatures af 28
op ¢/ FTYR aK2g¢ YINJSRt& NBRAzOSR I OGAGAGEe 06St26 | L
the potential of BSF larvae to serve ascaplimentary approackalongside gisting carcass management
practices under field conditions, and at temperatures considerably lower than their optimal range.

Materials and methods

A field experiment was conducted in Dovrat, Israel (MgAgril 2023; 400 c¢c/ 0> dzaAy 3 (G KNBS
neonate larvaed Yy ' c 00X O0HO wWn Y3 € FNBFS o6ylrcox FyR 660 |
sawdust(to absorb moisturef Y R NBEOSA PSR mMuodp 13 OF NOFaaSamwhy RI
larvaeg SNBE F RRSR (2 | ff O2KVRAMBNER I todhe debriathldhd tBe2Gdg ™ n
treatments, respectivelyThe control was removed on day 8 due to odor. Final measemts were on day

28. Residual mass is expressed as a percentage ofoted carcass mass addetbrmalizing for differences

in input. Odor was scored (scalg®) 2y Rl & wHy o0& (g2 o0fAYyRSR laaSaaz
analyses were performed in JMP usirtgdts.

Results and discussion
This studyevaluated the performance of BSF larvae under field conditions, focusing on carcass mass
reduction and odor mitigationOn day 14the H n  ¢falip showed significantly lower residual mass than
the neonates(n ¢ ®H  §s. pnTddYH: ) indcabing more efficient decompositiooy the larger larvae
(t(9)=3.13, p=0.006Byday 28 residual masses were similar betwegmoups(oc n ®m § 1 Pcz , FA D ¢
t(6)=2.59, p=0.02even though the 20 mg grouprocessed a higher total mass of carcas3é® neonate
treatment showed contamination by other fly species arahsiderable variability in BSF larval sigbereas
the 20 mg groufmad no such contamination, wittoughlyhalf large uniform larvae and half pupae.

hR2NJ I i n YsigRificahtlygeBvéen tRAtRERS(AIZE 0.5 vs. 2.3 0.5,1(22)=1.25, p=0.22),
g KAt S He@0 nm grsumad slightly lower odor level®.65 0.5 vs. 0.2 0.4,1(20.5)=2.23, p=0.037).
Both BSF treatments markedly reduced odor compared to the control, which was terminated early due to
severe nuisancdn both BSF treatment, but not in the contratost carcassderivedliquids were absorbed
by the sawdust preventing freestanding effluents. These results, together withir previous studies
highlight that unmanaged effluents céaad toanaerobic zonesot handled by the BSF larvaausingstrong
foul odors.
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Overall, thesdindings demonstrate thatunder aerated conditionsBSF larvae can effectively reduce
poultry carcass mass and associated odors even under suboptimal field temperatures, and suggest that
initiating treatment withh 1 Y3 £ | NIJ | t6 usihginedniteS T SNI 6 f S

Conclusions

This studydemonstratesthat BSF larvae can serve as an effective complememgapyoachfor on-farm
poultry carcass managemennder field conditions anduboptimaltemperatures, providing a sustainable
meansto reduce mass and odor loaddowever, future work should incorporate engineering solutions to
better handle carcasderived liquids, which represent a key limitation for large scale operation.

AcknowledgementsThis studywassupported byZemach Extrufeed, and we acknowledge the collaboration
and assistance of Of BaEmek.
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Introduction

Environmental pollution by microplasti@s!Ps)significantly impacts climate change through greenhouse gas
(GHG)emissions generated during plastic production, improper waste management, and the ability of
microplastics to release greenhouse gases during their degradation. Approximately 99% of plastics are
derived from norrenewable resources such as crude oil, matwas, and coal. Projections indicate that by
2050, the plastics industry will account for 20% of global oil consump@ibwelriConti et al., 2024]. It is also
estimated that between 19% and 2015, around 6,300 million tons of plastic waste were generated, with
approximately 79% ending up in landfills or directly in the naturafirenment [Geyer et al., 2017]. GHG
emissions resulting from plastic degradation have not yet been considered in climate change projection
models. So far, research has focused primarily on GHG emissions during the production and processing of
plastics, neglecting the processes associatdd pliastic breakdown and the migration of carbon contained
within plasticghrough biological activity or natural oxidation in the environment.

One of the few available data sets on GHG emissions féadegradation comes from the study by
Royer et al. (2018). Their research demonstrated that polyethylene (PE) and polypropylene (PP) emit
methane and ethylene under solar radiation exposure. Particularly intense emissions were observed for low
density polyéi K@ f SyS o[ 5t 90® ! FGSNI nmu RIFI&8& 2F RS3INIRIGA
and ethylene emission wamildp Yy Y2f k 37 R® 0K a8 A i8S RO miw n YR
polyethylene erephthalate(PEY over a shorterm period of 7 to 30 days. However, there remains a lack of
comprehensive and unequivocal data describing the mechanisms and magnitude of greenhouse gas
emissions resulting from microplastic degradation. Moreover, to effectively mitigat@dgative impacts of
microplastics in the environment, further research in this area is essential.

Therefore, the aim of the present study was to supplement the existing knowledge and provide new
insights into how the conditions of microplastic degradation influence greenhouse gas emissions.

Materials and methods
Methane standards were obtained from Air Products (Allentown, PA, USA) at a concentration of 100 ppm.
Gastight syringes were sourced from Hamilton (Reno, NV, USA). Methane emissions during the
decomposition of microplastics in the aquatic environment wanalyzed using rubber derived from used
cartires¢ KS GANBA& 6SNBE RAGARSR Ayi(i2 FTNICOAABY&ERYS®AGK LI
The incubation was carried out in 100 ml glass containers with screw caps. One gram of the analyzed
microplastics and 20 ml of deoxygenated distilled water were added to the bottles. Control samples (blanks)
were prepared in parallel without the additiorf plastics. The prepared samples were tightly sealed in a
heliuml G Y2 & LIKSNBE | Yy Rc M WR dadh gIkB/R (FKIS cReFHNJ @ L y6Q 120, landl A 2 y L
360 days. Three replicates were prepared for each test variant. Samples were preparedeiinna h
atmosphere using a gdgght glove box (Glove Box) from Plas Labs, Inc. (Lansing, MI, USA). Subsequently, 1
ml samples were withdrawn using gastight syringes for chromatographic andlgsigsmount of methane
was analyzed using a @010 Plus gas chromatograph (Shimadzu, MD, USA) equipped with a Barrier
Discharge lonization Detector (BID).

Results and discussion
The results of methane emission rates frdfiPsfor two particle size fractions: 100 nnn xY | YR c¢cn

170



4

(-> E%Sg 4" International Conference on Sustainable Chemical and Environmental Engineering
2025 > 4" September 2@ Thessaloniki, Greece

incubated atsc / 18y R F2 NJ on X dhysdre pasented iyARyure k n

The methane emission rate fite 1006o n nn kY FANI OGRRYNI-din cR 61 & mMdyo
INI Rdzkt £ &8 RSONBFASR 6AGK ((Fiygle 1dAt18T G /Ep SYWR A awa@iyR Ol 1
AYAGALfte £26SNIFFiSNIon RIF&a o6ndon yY2fk3ai ROI 0 d
YR GKSY RSONBIaSR (2 to2dz2i nodmo yY2f{k3IT R YR nowm
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Figure 1.Methane emission rate during the decompositioniief particles with a size of a) 108000
XKYd@u can XY

C2NJ G4KS aYlFftftSNJI FNI OlGA2Yy dbdcnn xYOX GKS YSGKIyS
AYONBIAaSR atAakKdte FFGEGSNI on RlIea (2 nodoT yY2fk3Ii R
G2 nont yY2fk Ihighe 109 GISNJ oo/ RIBAGKFI YyS SyYArAaarzy NI
RFe&d o6ndun yY2ftk3di RO NBYFIAYSR StS@IFGSR FFG4SNI dn
FFGSNI myn RI&4d YR AYyONBFraSR atAaakidte G2 nomc yY?2

MPs particle size and ambient temperature jointly influence the decomposition kinetics GIHG
emissions oMPsfrom used car tires in the aquatic environmefhe obtained methane emission rates are
similar to those reported by Royer et al. (2018). These findings confirnGtH&emissions occur during the
decomposition oMPs including those derived from butadierstyrene rubber.

Conclusions

During the degradation of car tires made of butadiestgrene rubber in an aquatic environment, methane
emissions occur, confirming their contribution@HGgeneration.The significant influence of environmental
conditions and the physical properties MPson GHGemissions during their degradation. Larger particles
(100connn kXYO &aK2gSR Y2NB LINRy2dzy OSR OKIlIy3aSa Ay YSil
6cnn xY0 SEKAOAGSR Y2NB aidloftS odzi f 26 Shde@edsed a A 2y
over time, suggesting a slowdown of the degradation processéeitater stages of incubation
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Introduction
Over the past two decades, water quality modeling has evolved rapidly. The integration of Hoasess
methods with datadriven techniques like machine learning has enhanced predictive power and adaptability
especially in complex contexts such as urban systems and watesshé&glmodeling, where data gaps and
dynamic pollution patterns demand flexible tog¢{Sorgoglione et al., 2025; Vilaseca et al., 2023)

However, a persistent gap remains between academic model development and practical use by
government agencies and stakeholdékder et al., 202Q)Models often prioritize innovation and accuracy
but are not aligned with operational needs, institutional constraints, or regulatory requirements. High data
demands, opaque algorithms, and limited consideration of -ve@lld workflows can undermine their
credibility and usability.This misalignment hampers eviderbased decisioimaking. In urban water
management where regulatory compliance and public health are critical, models must be not only
technically robust but also transparent, usable, and conrtaxare.

This paper examines key barriers to model adoption and proposes a framework to enhance the usability
and relevance of academic water quality models for decisiakers.

Key barriers to model adoption

Although academic water quality modeling has advanced significantly, several barriers continue to hinder its
adoption by practitioners. A major issue is the complexity and low interpretability of many modern models,
particularly those using machine leardinP ¢ KSasS 2FGSy 1 OG & a&ao6ftl O]l 02E!
outputs, which limits stakeholder trust and regulatory credibility.

There is also a disconnect between model outputs and practical needs. Academic models often prioritize
methodological innovation over usability, producing results that may not align with the spatial, temporal, or
format requirements of planning and policy.

Data limitations further constrain model adoption. Higgsolution datasets needed for calibration and
validation are often unavailable, and many models lack mechanisms to handle missing or uncertain data,
making them impractical in datscarce environmeist

Institutional constraints also play a role. Agencies may lack the flexibility, incentives, or capacity to adopt
new tools, and staff are often unfamiliar with novel modeling approaches. Existing regulatory frameworks
may reinforce reliance on traditionalethods.

Finally, insufficient stakeholder involvement throughout the modeling process reduces relevance and
trust. When users are excluded, models may overlook local knowledge, capeeific constraints, or
operational priorities leading to skepticism, regardie of technical performance.

These challenges point to the need for a more usamtered, transparent, and institutionally grounded
modeling approach that complements scientific rigor with reakld applicability.

Proposed Framework for Enhanced Model Usability

To address the barriers that hinder the adoption of academic water quality models in practice, we propose a
framework grounded in usability, garoduction, and institutional alignment. Rather than focusing exclusively
on advancing model performance or mettological novelty, this framework emphasizes the integration of
enduser needs and constraints throughout the modeling lifecydlem problem formulation to
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implementation.

The first principle of the framework is early and sustained engagement with stakeholders. By involving
water managers, regulatory agencies, and local experts from the outset, modelers can better align the
objectives, indicators, and spatitdmporal scale®f the model with operational needs. This-pooduction
approach fosters trust, improves model relevance, and enhances the likelihood eklongise.

Second, the framework advocates for model transparency and interpretability as a core design
requirement. Even when employing advanced machine learning methods, efforts should be made to
incorporate physically meaningful features, explainable algorithmsyisualization tools that help nen
experts understand model behavior and outputs. Hybrid approaches that combine mechanistic and data
driven elements can offer a balance between accuracy and interpretability.

Third, the framework highlights the importance of flexible data handling and uncertainty
communication. In many contexts, data limitations are the rule rather than the exception. Models should
therefore include builin strategies for dealing with missimigta, uncertainty quantification, and sensitivity
analysis. Providing users with clear information about model confidence and limitations enhances decision
making and accountability.

Fourth, institutional embedding is necessary to ensure that modeling tools can be used sustainably
within existing governance structures. This includes adapting models to local policy frameworks, providing
training and documentation, and building institotial capacity for model maintenance and update.
Partnerships with public agencies and utilities can support this process and enable iterative feedback.

Finally, the framework stresses the need to document and evaluate model impact beyond academic
metrics. This includes assessing how models inform planning, shape regulation, or improve environmental
outcomes. By making these impacts visible, the valueadamic modeling can be better recognized, further
encouraging investment in collaborative and applied research.

Taken together, this framework proposes a shift in modeling practice toward a more inclusive,
transparent, and operationally grounded approache that not only produces knowledge, but also supports
informed and sustainable water management.

2, STAKEHOLDER ENGAGEMENT {53 MODEL DESIGN () DATA AND COMMUNICATION [ZJ INSTITUTIONAL EMBEDDING (& IMPACT EVALUATION
I ¥ REQUIREMENTS

S
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Stakeholder
Involvement

Figure 1.Proposed framework for improving water quality modeling usability

Conclusions and perspectives

Bridging the gap between academic modeling and practical deeimsaking requires more than technical
innovation it demands a shift toward usarentered, transparent, and contexware modeling practices. By
engaging stakeholders, prioritizing interpretability, addressing data limitations, and embedding models
institutionally, we can enhance their relevance and adwmpt Future efforts should focus on documenting
realworld impact and fostering sustained collaboration between researchers and practitioners
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Introduction

Large amounts of lignocellulosic agricultural residues and processipgobtyicts remain unutilized
despite their significant energy potential. In the context of climate change mitigation and rising energy
demand, their sustainable transformation into biwrgy carriers is highly relevant. This study investigates
the energy valorization potential of various agricultural waste materials including wheat straw pellets, oat
husk pellets, cow manure pellets, sunflower husk pellets, lupine cleaning waste, atmssurcake. The
research focuses on two technological approaches: direct anaerobic digestion and pelletization followed by
combustion. Additionally, the study aims to identify solid, enellgpse materials that can be easily stored
and serve as a stratagienergy buffer for biogas plants during interruptions in the supply of primary
feedstocks.

Materials and methods

The biomass samples were pelletized using a granulat@af(:7.5 kW, 150 kg/h) to produce uniform,
compacted material suitable for both storage and energy conversion. The process parameters, including die
temperature and motor load, were recorded. Phydiand chemical characterization of each sample included
dry matter content (EN 1SO 181342015), volatile solids (BS EN 12879:2000), cellulose (Seifert method), and
lignin (TAPPI T 222 e@%). Anaerobic digestion trials were conducted in batch bioreaciacording to DIN
384148 and VDI 4630 standards to assess methane potential.

The quality of produced pellets was evaluated based on mechanical durabiligNPSO 17831
1:201602), bulk density (PEN ISO 17828:204®), and size (REN ISO 17829:204®). Higher heating
value (HHV) was determined using a Leco AC600 calorimetaecordance with PN ISO 18125:20177.
Energy inputs were monitored using a class S energy quality analyzer (Ml 2883), enabling the estimation of
net energy balance for both combustion and anaerobic digestion pathways.

Results and discussion

Table 1 presents the cumulative methane and biogas yields of the tested pelletized substrates
calculated on a fresh matter basis. Anaerobic digestion trials revealed considerable differences in methane
yields among the materials, each of which was testettliplicate under standardized conditions. The results
demonstrate that agricultural bproducts vary significantly in their biodegradability and bioenergy potential,
which is essential for assessing their role as emergency or supplementary feedstoiciggasplants.

Table 1Cumulative methane and biogas yields of selected pelletized substrates based on fresh matter (FM)

Cumulative methane Cumulative biogas
Substrate Methane content [%] OoYwkad Ca GYwkad Ca
Wheat straw pellets 49.99 198.02 396.15
Oat husk pellets 49.36 235.60 477.35
Cow manure pellets 53.72 83.51 155.46
Sunflower husk pellets 52.33 105.11 200.86
Lupine cleaning waste 50.06 251.48 502.40
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Sunflower cake 57.06 318.99 559.04

lY2y3 (GKS al YL Sax adzyFt26SN) OF1S LINRRdIdzOSR (KS
Cal0X F2fft26SR o6& fdzLJAyS OfSIHyAy3 41 aG4S oupmodny Y
contrast, cow manure pellets exhibited the lowest performadcg o Ppm Ywka3d Cal0X AYRAO
potential despite relatively high organic content. These findings highlight the relevance of feedstock selection
in ensuring process efficiency and energy output, especially in scenarios of disrupted primstratsub
supply.

To ensure flexibility and continuity in biogas production, a strategy based on the pelletization of
agricultural and waste biomass was proposed. Pelletized substrates can be stored for extended periods
without significant quality loss and utilized when thigoply of primary feedstocks is disrupted. This concept
is illustrated in Figure 1.

—

Energy 4
storage Vi "

5

Pellets

Figure 1.Conceptual scheme of biomass pelletization as a method of energy storage for biogas plants.

Conclusions

The study confirms that pelletized agricultural residues can serve as viable substrates for anaerobic digestion
and bioenergy production. Among the tested materials, sunflower cake and lupine cleaning waste
demonstrated the highest methane yields, indiogtitheir strong potential as supplementary energy sources

in biogas plants. The results also highlight the importance of substrate selection in optimizing biogas output,
particularly during interruptions in the supply of primary feedstocks. Additiondiéy pelletized form offers
advantages in terms of storage, handling, and transport, making these materials strategically valuable for
ensuring continuity and flexibility in biogas production systems.
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Introduction

The agricultural sector currently underutilises organic waste in the form afaBed lignocellulosic
biomass, which can include maize straw, rapeseed straw, leaves and hay (Panigrahi and Dubey, 2019). In
recent years, technologies to manage these wasiage been increasingly developed. As an example, they
can be used in agricultural biogas plants, where heat or electricity can be produced. By carrying out a
methane fermentation process, it is possible to dispose of biodegradable substances that adea bnr
the ecosystem. The full utilisation of these raw materials as a substrate for biogas production is only possible
after pretreatment, which allows the lignocellulosic structures to be broken down. This has the effect of
increasing the efficiency ofidgas production, including methane (Tong et al. 1990; Kozlowski 2018;

Dach et al. 20140ne of the pretreatment methods is extrusion. Extrusion is a HTST (High Temperature
Short Time) type of process due to the fact that the material in the eetristays in it from several seconds
to several minutes and is exposed to high temperature.

Agricultural biomass with an increased content of kggliulose compounds is not normally used in biogas
plants due to decomposition problems (straw has a structure that is difficult to access for fermentation
bacteria). However, their use can bring grsficant effect by increasing the energy efficiency and profitability
of biogas plantsThe production of methane in the anaerobic digestion process is a proven technology, but
it is characterized by low profitability. Biogas installations without firennitiative in the form of green and
yellow certificates or fixed feeth tariffs for the sale of electricity and heat would not be eeffective and
could not compete with conventional fuels such as coal or natural gas. There are a lot of factarg tassi
state of affairs, e.g., the high costs of substrates for biogas production, a limited supply of local raw materials,
and limited availability of innovations that would make biogas energy productioretfesitive (Witaszek et
al. 2020).

The aim of the work was to investigate the impact of extrusion of two types of straw (cereal and rapeseed)
on increasing the efficiency of methane production and the energy and economic efficiency of the operation
of a biogas plant with a capacity of 0.5\

Materials and methods

In the study, 2 types of extruded substrates were used to feed the biogas plant: cereal straw and rapeseed
A0NIr g . 20K (eLlSa 2F aidNr¢ oSNBE AKNBRRSR dzaAy3a |
sizes below 10mm and then extruded usiagr $45 singlescrew extruder (Z.M.Ch Metalchem, Gliwice,
Poland), and then all substrates were tested for methane yield according to standard methodologies (DIN
38414/S8 and VDI 4630) (Dach et al. 20B4)gas yield testing was conducted under standard methane
fermentation conditions in sets of 3thn 6 A 2 F SNX Sy (i S NEe omyanic &y rhatielr contemtrofr 0 &
the inoculum varied from 1.5 to 2%. Dry matter and organic dry matter were checked before testing and the
substrates were placed in an airtight digestion reactor. The reactors were placed in tempezaturelled
water JLINREA Y| St @ odc/ 03X SKAOK aAYdzZ FiSR GKS | O dz
The volume and qualitative ogposition of the gases produced were measured every 24 hours. The
fermentation process was stopped when the daily biogas production was less than 1% of the total biogas
production. Samples were tested in triplicate. Biogas yield (m3)Mas expressed in terms of fresh matter,
dry matter and dry organic matter, as described by Dach et al. (2014).

In the calculation of the efficiency of the biogas plant operation, two variants of biogas plant power supply
were tested:
1. Variant 1: cereal straw + pig slurry and edé&dcereal straw + pig slurry;
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2. Variant 2: rapeseed straw + pig slurry and extruded rapeseed straw + pig slurry.

Energtic and economic calculations were carried out according to a standard methodology, based on
market prices in Poland in May 2024 and taking into account the additional amount of electricity used during
the extrusion of both types of straw.

Results and discussion

In both variants, an increase in methane production from straw was observed, but this increase was
relatively small (8.4% in the casevdfeatstraw and 11.6% in rapeseed straw). The increase in the efficiency
of methane production from the same amount of straw resulted in a decrease in the mass necessary to power
a biogas plant with a capacity of 0.5 MW, from 5150 to 4759 Mg/year in the casgeeatt straw and from
4950 to 4900 Mg in the case of rapeseed straw, respectively. In this case, there are shwengsthe smaller
amount of straw needed, at the level of 23.4 kEURaimant! and 29.9 kKEUR irariantlI.

However, during further calculations, it must be taken into account that the extrusion process requires
additional electricity, which increases the cost of this technology. Therefore, taking into account the cost of
electricity necessary for the extrusi@nocess, it should be concluded that in both variant | and variant I, the
revenue from the sale of electricity from a biogas plant powered by straw is higher in the variant without
extrusion, respectively 278.7 KEUR in the case of wheat straw and 20drkElgRrase of case of rapeseed
straw.

Conclusions

On the basis of the research carried out, it was observed that the application of the extrusion technique
to lignocellulosic raw materials had a differential effect on the properties of potential substrates for biogas
plants. The extrusion process increases the efficiency of @blduction duringanaerobic digestiorof
lignocellulosic substrates such as various types of straw. In the studies discussed, the increase in CH
production was so low (8.4% in the case of cereal straw and 11.6% in rapeseed s&ivilid not cover
the increase in electricity consumption resulting from the operation of the extruder. As a consequence, the
use of the extrusion process in the analyzed variants of biogas plants gave a negative economic result.
Therefore, it should beoncluded that further research is necessary on the optimization of the extrusion
process in order to increase the efficiency ofs@kbduction from straw with reduced energy demarit.
would be desirable to extend the scope to include further publicly available raw matérissnext step
could be the use of advanced technologies such as heat recovery systems (recuperagdiisient cooling
systems.They enable the key parameters of the process to be monitored in real time, identify potential
problems and respond quickly to any irregularities. As a result, they will contribute to the efficiency, quality
and profitability of the process.
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Introduction

For optimal biogas production, the proper selectiorfeddstockis crucial. It iimportant not only to provide

the appropriate amount of organic matter but also to consider the chemical composition, interactions
between substrates, and fermenter load. Any change in the mixture composition affectsnterobic
digestionprocess, which can have significant implications for biogas production efficiency and the plant's
profitability.

The aim of this study is to calculate the theoretical biogas potential of selected substrates used in an
operating agricultural biogas plant in relation to its actual performance. The study will allow for the
assessment of synergies or antagonisms in tkgetbpment of cesubstrate formulations, against the
background of domestic substrate consumption in agricultural biogas plants in Poland.

Materials and methods
Three data sets were used in this study. The first is information from the reporting of the National Support
Centre for Agriculture (KOWR), the institution overseeing the operation of agricultural biogas plants, as
defined by Polish law. This data set imt#s annual summaries of substrates used to produce agricultural
biogas in Poland [KOWR 2025].

The second dataset was obtained from an agricultural biogas plant with an installed electrical capacity of
1 MW, located in southeastern Poland. The data, provided by the agricultural biogas producer, comes from
20192021 and includes information such asbstrate name and quantity, code (in the case of waste),
guantity of agricultural biogas used to generate electricity, quantity of electricity gene(ateldding that
used for own needs and quantity of byproduct resulting from agricultural biogasqutuction. The data was
aggregated quarterly, allowing for the tracking of the system's response to seasonal changes in substrate
formulation.

The third data set was used to calculate the theoretical biogas yield from the substrates used in the tested
biogas plant. A tabular method was used for calculations, based on averaged results from literature sources
ot 2R1{s561l SG Ffd® HAMHB D

Results and discussion

Analysis of KOWR data for 262023 demonstrates the growing importance of the biogas sector in Poland,
which aligns perfectly with the assumptions of a circular economy. Total biomass utilization is increasing each
year, along with the construction of nebiogas plants. Bproducts and waste are a key element of this
growth (Fig. 1), which may indicate more effective organic waste management and favorable financial
conditions for biogas production from waste substrates. The use of aileraled biomass ibiogas plants

is growing, but at a much slower pace.

Analysis of data from an operating 1 MWe biogas plant showed that the use of various types of
substrates (sourced frore., sugar refineries, dairies, and fruit and vegetable processing plants,) directly
translates into seasonal changes in biogas and electricity production. The highest biogas and electricity
production was recorded annually in the fourth quarter, which mayicaig greater availability of high
energy substrates (beet pulp, fruit and vegetable pomace). Average annual biogas productiedeex8e
YAtEA2Y YwI gKAES St SOE00DMMhiioBwhichNP B 95% ivds Bojdl. L\GintenklS R
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consumption demonstrates the plant's high efficiency and operational effectiveness.
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Figure 1.Structure of substrate usirig agricultural biogas plants in Poland depending on origin

Comparing theoretical and actual biogas plant performance reveals optimization potential. Literature data
indicate that biogas yield from some substrates (e.g., fats, expired food) can be higher than that achieved in
practice, which may be the result ofsuifficient mixture homogenization or suboptimal fermentation
conditions. Furthermore, the results show that relying on theoretical calculations can lead to
underestimation or overestimation of actual biogas yield.

Table 1 Data on the operation of a biogas plant (sample year 2019).

Parameter Unit Amount
Substrate consumption t 34,747
Biogas production m?® 3,048,026
Electricity production MWh 6,768.6
Electricity sales MWh 6,356.9
Electricity consumption for own needs MWh 411.7
Theoretical biogas yield (calculated) m? 3,130,517

Conclusions

Biogas plants are becoming not only a source of energy but also an effective waste processing system. The
significant share of waste and 4pyoducts indicates a positive trend towards a circular economy. Further
optimization of substrate formulations anddaptation of fermentation parameters to feedstock
characteristics are recommended to increase biogas and methane production efficiency. This can improve
the economic and environmental efficiency of biogas plants
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Introduction

The solid organic waste, such as kitchen residues andtorggroducts, represents an opportunity for
valorization though bioconversion. Insects, particularly the larvaeleimetia illucengBlack Soldier Fly
Larvae, BSFL), are highly efficient in converting organic matter into-adties byproducts. This insect could
adapt to organic residues and grow rapidly under optimal conditions. Thus, Hpeobycts that can be
obtained from BSFL ewoil for the production of biodiesel and green diesel, as weprateins, amino acids

and chitin[1]¢[4] products with different uses in the industrial and food sectors. Thiprbgucts recovery
encourages the principles of circular econoffj; This work analyses the performance in the extraction of
chitin and total proteins, furthermore the qualitative analysis of amino acids. In addition, the spectrum of
BSFL chitin was qualitatively analyzed by FTIR.

Methodology

The extraction of chitin was carried following a methodology similar to the one descriljé{] irsing the
centrifugation method for filtration after demineralization and deproteinization until to neutralize pH. The
determination of total proteins it was used in the Kjeldahl method using the conversion factor (4.67) for
insectg[4], [6]. Finally, the prepare of amino acids was carried following the hydrolysis pfd¢eshen, the
technique ThirLayer Chromatography (TLC) using three standards (phenylalanine, alanine and [@ljcine)

Results
The filtration process yielded chitin with a significantly higher efficiency compared to the yield reported by
[4]dza Ay 3 LINBLIzLI £ adalr3IsS tFNBFS 2F . {C[Z 6A0GK I @&AS

analysis was used to qualitatively analyze the chitin structure, with spectral similarity to those reported by

[4], 8,9 S5AFFSNByGtesr GKS @AStR 2F G2GFft LINRGSAY o1
contrast of reported in the literaturg?], [4], [10] Moreover, the TLC test slightly identifies the presence of
phenylalanine in the triplicate of biomass samples, this amino acid coincides with others fdpadi4].

Conclusions

These findings highlight the potential for comprehensive use of the BSFL within a circular economy
framework, including the development of vakaelded products for both the industrial and food sectors.
Likewise, this work has areas of opportunity includemfitative analysis of the chitin and amino acids, and

a life cycle assessment to estimate potential reductions in greenhouse gas emissions from futclvad@8FL
biorefineries. Experimental work for the further valorisation of spent BSFL is also underway
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Introduction

The treatment of urban and industrial wastewater leads to the production of sludge which contains organic
matter, nutrients, and hazardous substances that makes difficult to dispose of. The treatment method used
are anaerobic digestion, incineration, angrplysis, which are conventional and characterized by high energy
costs, large facilities and greenhouse gas emissioestment plants consume large amounts of energy with
the aeration process being the most eneiigyensive, accounting for 53% of totahergy consumption. The
increase in global wastewater production and rising energy costs make optimization necessary.

CKS 9dzNRPLISIY ! yAz2yQa 32 f -autdnonmbds ur@L by AB0NIvithas%%4 a A
reduction in emissions. In this context, energy recovery technologies such as gasification are being promoted.
A pilot microsieving gasification system was implemented at the Rethymnon plants as part of the
LIFEB2E4SUSTAINABIMETP project. The results of the implementation showed a significant reduction in
energy consumption and the production of synthesis gas (syngas) capatoeening a large amount tfie
L I ydiQa ySSRao CAylfftes ¢S y20S 0GKIFG GKS dzasS 27F
carbon neutrality, thereby enhancing sustainability.

Materials and methods
Energy consumption in wastewater treatment plants is an important issue, and innovative solutions are being
explored to achieve energyneutral facilities. A pilot industrialscale unit has been installed at the
Rethymnon WWTP, which includascrosieving drying, and gasification with an internal combustion engine.
The aim is to remove biosolids before the aeration tank, reducing energy consumption, and to use as fuel for
the production of syngas.

The dried biosolids with moisture content of-16% are formed into briquettes and fed into downdraft
gasification reactor, which include drying, pyrolysis, combustion, reduction and ash removal zones. The

syngas produced consists mainly of €Q, = | ybRt alsol cpnkins pollutants (particles, tar, sulfur,
chlorine), which are removed by a cyclone. Finally purified syngas is fed into the engine to produce heat and
electricity.

The system is equipped with n@aturn valves and safety measures to prevent malfunctions. The integrated
process is expected to reduce sludge production, improve plant performance, and offer a positive
environmental footprint through energy recovery forbiosolids.

Results and discussion

The study evaluated the performance of a pilot microsiexdagation system at the Rethymno WWTP.

Microsieving achieved an average removal of 35% TSS, BOD 16% and COD 20%, significantly reducing the

organic load and energy requirements for aeration. Therage dry biosolids production w8s5 kg/h with

a solids content of up to 45%, suitable for gasificatidme syngas produced | i Mp®pi2E / h Mcdm

/[ hi TOE:0 KIFEIR | OFft2NRATFTAO @I f dzS 2 FTheGbl Gas \Efiedcy w |y |
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calculation (5460%) confirmshigh efficiency, in line with international literature. The results show that
integrated technology can contribute significantly to the transition of WWTPs to energy neutral facilities

Conclusions

Themicrosievinggasification system at the Rethymno WWTP (220824) with the aim of reducing energy
consumption and recovering energy from biosolids. Microsieving achieved an average removal of 35%
TSS,16% B@&and 20% COD, leadingto a 749y dzl t NBRdzOGA2Yy Ay (GKS LI I yic
collected biosolids, after drying were used in the gasifier, with the clean PSS yieldieg&ligy syngasl ( i

Mp ®pE: Y / h wmc &z T Codgenerationdreached a/mhximurm abegtiical power &¥\0and an
average of 4.9 kW, significantly enhancing the unit's energysséitiency.The results are in line with the

EU's objectives (Directive 2022/0345) for enengytral facilities, proposing the system as a sustainable and
scalable modetor medium and large WWWTPs. The study demonstrates that integrated technology can
transformWWTPs from energy consumers to producers, promoting circular and climeateal wastewater
management.
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Trickling filters (TFs) have long been used for municipal wastewater treatment. They consist of a permeable
bed packed with rocks or specially designed plastics, on which microorganisms attach and form biofilms.
Wastewater is distributed over the bed anceated through microbial oxidation of the organic carbon and
ammonia, with limited denitrification in the deeper layers. In general, tickling filtration requires significantly
less energy for wastewater treatment, compared with the activated sludge propedtssthe weakest point

of TFs being the relative difficulty in removing particulate impurities. However, trickling filtration, combined
with upfront partial removal of suspended solids may effectively compete with the activated sludge process
and is reemerging as aeliable and consistent, lowost and energefficient alternative for municipal
wastewater treatment. In this study, two different packing materials from polypropylene were tested, a
NI YR2Y Ff2¢ KAIK @P2ARIyOB26elBLIBGwaD by BRCIEADE MaaA
Water Technologies, GmbH, Germaiiye experiments were carried out in two identical cylindrical filters
with height of 2 m and diameter of 0.2 m, operated at hydraulic loading of 0.08 m/h, using municipal
wastewater pretreated by a coagulatissedimentation process.

CAdod M® tK2{d2a 2F GKS &dzLLI2NI YIGSNAFE& d&aSR Ay
/£ aairlrt ONRaa FtE26 06/ €0

CKS O2yOSYyUuNI GA2Y 2F &aSOSNIt LI NIIYSaioS NBG ooSENBK  YA2YYTA
4 @F NR2dza NBOANDdzZE F A2y NI GSa FyR dzyRSNJ y I G dzNT €
GKFY FALG§SNI a/ doted CeathdnSeRiciency dbinared®@ty natlird! dntilation. Recirculation

of up to 100% (of the inlet flowrate) gave only marginal benefits, while increasing it further to 250% reduced
0KS GNBIFGYSY(d LISNF2NXIYyOSd ¢KS NlpghiBremoval feficiencyy S R A dz
particularly under forced aeration, highlighting the role of packing material and operational control. Based

on the experimental results, TFs, combined with upfront removal of particulate matter rise as a viable, low
energy altenative to activated sludge process.
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Abstract

This study investigated the anaerobic production of biosurfactants (BSs) and bioemulsifiers (BEs) by
indigenous microbial communities in hydrocarbomntaminated soils using wastkerived carbon sources

as part of a circular economy approach. Sixty micsot® were prepared with real polluted soil, a
microemulsion of waste frying oil and chickpea powder, and varying concentrations of nitrate, sulphate, and
salinity to explore the influence of environmental conditions on BS/BE biosynthesis under -diryiteoh
conditions. Mild oxidative stress was induced by hydrogen peroxide to enhance enzymatic activity. After nine
months of incubation, the surface activity of the supernatant was assessed using oil displacement and
emulsification index assays, and phytotityiavas evaluated using germination tests. The results showed
that mild salinity and sufficient electron acceptors significantly improved biosurfactant activity, with
promising implications for in situ remediation. This {oast, lowtoxicity method valodes food waste and
supports sustainable soil remediation, providing a scalable alternative to synthetic surfactants. Further
research is required to optimize production and assess field performance.

Introduction

The use of biosurfactants (BSs) and bioemulsifiers (BEs) in environmental remediation has gained
considerable interest in recent years owing to their natural origin, biodegradability, and effectiveness in
enhancing the solubility and bioavailability of hgghobic organic pollutants. Produced by various
microorganisms, BSs, reducing surface tension and promoting oil spreading, and BESs, stabilizing emulsions
without necessarily lowering surface tension, serve as metabohlgrdgucts or extracellular compouis
that facilitate hydrocarbon degradation by improving contact between microbial cells and hydrophobic
contaminants.

In hydrocarborcontaminated soils, especially those affected by petrolduamsed pollution, leveraging
indigenous microbial communities for in situ production of these compounds presents a promising and
sustainable remediation strategy. Traditional bioreristbn methods often rely on aerobic microbial
processes and the addition of purified biosurfactants or synthetic surfactants, which can be costly,
environmentally persistent, and occasionally toxic to #arget organisms.

The approach explored in this study diverges by focusing on anaerobic conditions, which are more
representative of contaminated subsurface environments, and by using-dedded waste as carbon
sources. This study investigated whether the microbial cdis@resent in real contaminated soils can be
stimulated to produce BSs and BEs using a circular economy framework that emphasizes resource recovery
and waste minimization.

In particular, this study evaluated the influence of electron acceptor (EA) availability, salinity, and mild
oxidative stress on biosurfactant and bioemulsifier productivity. These factors are hypothesized to modulate
microbial metabolism and stress resp@s, potentially enhancing the synthesis of surfactve compounds
in the process. The ultimate goal is to develop-owxicity, scalable formulations that can be directly applied
to contaminated matrices without extensive downstream processing.

Materials and methods

The experimental system was designed to simulate anaerobic bioremediation conditions using
microcosms constructed with weathered hydrocarbacomtaminated soil (total petroleum hydrocarbons
(TPH) = 4500 mg/kg dry weight) as the microbial inoculum. Sixtpcosms were established in 250 mL
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flasks, each containing 40 g of-diied soil and 200 mL of amendment solution tailored to stimulate
biosurfactant and bioemulsifier production under controlled conditions.

To mimic realistic loveost amendment strategies, a microemulsion composed of waste frying oil (1.5%)
and chickpea powder (6.0%) was used as the main carbon source. Urea was added as a nitrogen source
(0.1%), while nitrate and sulphate were supplied atloyp Y3k [ Ybhi X ndm 3Ik[ a3I{
Ybhi I nop 3Ik][ ad{hjo O2yOSyiNridrAzya (G2 SELX 2NB I
metabolic pathwaysMethanogenesis was selectively inhibited using 50 mbfd&noethanesulfonate to
redired metabolism toward nommethanogenic, potentially BS/Bifoducing pathways. Additionally,
hydrogen peroxide (0.35 g/g TPH) was added to induce mild oxidative stress, which was hypothesised to
stimulate the enzymatic activity involved in hydrocarbon degtieand biosurfactant synthesis.

Salinity was investigated as a regulatory factor by comparing systems amended with and without NaCl
(0.5 g/L). The final composition of the amendment solution is presented in Table 1.

Microcosms under anaerobic conditions were maintained for nine months in the dark at a controlled
GSYLISNI GdzZNB 6mMy B H c/0® {IYLXSa 6SNB Oz2ftfSOGSR
concentrations of nitrate, sulphate, and dissolved orgar@rbon.

Table6: Amendment solution

Concentration

NaCl 0.00r0.59g/L

MgSQ 0.10r0.5¢g/L

KNQ 5 or 40 mg/L
Urea 0.1%
Chickpea Powder 6.0%
Waste Frying Oil 1.5%

HO, 3% 0.35g/1g TPH
2-Bromoethanesulfonate 50 mM

The supernatants (both crude and microfiltered) were analysed for the presence of biosurfactants and/or
bioemulsifiers using standard oil displacement tests and emulsification index (ElI24h) assays using four
representative hydrocarbon substrates: gasolidiesel oil, fuel oil, and-hexadecane. These tests evaluated
the ability of the culture fluids to reduce surface tension and form stable emulsions.

Oil displacement experiments were conducted following the procedure described by Morikawa et al.
(2000). In summary, for each combination of hydrocarbon mixture and supernatant, glass beakers with a
diameter of 50 mm were filled with 20 ml of distilled watand 1 ml of hydrocarbon substrate was added to
GKS 61 GSNHa adaNFI OSd {dzoaSljdsSyidtez mnn >t 2F (GKS
layer on the water. The presence of biosurfactants in the supernatant would cause the eildisglaced,
creating a clear zone without oil. The diameter of this zone was measured to indicate surfactant or oil
displacement activity. Negative controls were performed using distilled water, where no oil displacement or
clear zone was observed.

The emulsification index at 24 hours (EI24h), used to evaluate emulsification capacity, was determined by
vortexing equal volumes (5 mL each) of the biosurfactant soluteither microfiltered or in its crude extract
formt and hydrocarbons in a 15 mL Faldabe. After 24 h of static incubation, the ratio of the emulsion
layer thickness to the total height of the solution was calculated.

The phytotoxicity of the most promising biosurfactant solutions was assessed using germination index (GI)
assays on Zea mays and Lepidium sativum to determine whether the biosurfactargxtracts were
compatible with plant growth and suitable for envinmental application.
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Results and Discussion

The results of the oil displacement tests are reported in Table 2 and indicate that biosurfactant activity was
more frequently observed under mild salinity (NaCl 0.5 g/L), suggesting that appropriate osmotic conditions
are beneficial for BS/BE biosynthesi#®owever, oil dependency is relevant, wittel oil consistently showing

lower displacement performance than gasoline and mineral oil, potentially due to its higher viscosity, which

B> 4" September 2@ Thessaloniki, Greece

could limit the spread of the displacement halo.

Table7: Results of oil displacement tests performed with gasoline, diesel oil, mineral and fuel oil, 12 tests for
each condition as number of tests with no detected oil dlsplacement (NEG), with oil dlsplacement <1l cm (in

RAFYSGSND o6t ! we¢ oI rh(ifBian®terf(POSK aLX I OSYSy G xm O

Test conditions EAs Oil displacement test
Gasoline | Diesel Qil Fuel Oil| Mineral Oil

nedp 3Akf bl MgSQO.5g/L+ NEG (%) 8.3 16.7 25.0 8.3

KNQ40 mg/L | PART (%| 33.3 25.0 33.3 16.7

POS (%) 58.3 58.3 41.7 75.0

MgSQO0.1 g/L +| NEG (%) 8.3 8.3 25.0 8.3

KNQS5mg/L | PART (% 0.0 25.0 25.0 8.3

POS (%) 91.7 66.7 50.0 83.3

No added NaCl | MgSQO0.5 g/L +| NEG (%), 75.0 75.0 75.0 75.0

6ayz2y al| KNQ40mg/lL | PART (% 16.7 8.3 0.0 0.0

POS (%) 8.3 16.7 25.0 25.0

MgSQO.1 g/L +| NEG (%)| 25.0 25.0 33.3 25.0

KNQ@5mg/L | PART (% 0.0 8.3 33.3 0.0

POS (%) 75.0 66.7 33.3 75.0

Table 3 summarises the results of the-t#ur emulsification index (El24h) assays under different test

conditions across various hydrocarbon substrates. The data include the percentage of extracts showing any
emulsifying activity (POS%) and the mean EiR4h & G I y Rl NR

production.

RSOALFGAZ2Y F2NJ
extracts. These indicators provide insights into the frequency, strength, and consistency of bioemulsifier

02

Under saline conditions, emulsifying activity was frequently detected, with POS% values as high as 100% (e.g.
high EA microfiltered extract with gasoline) and generally above 80% for fuel and mineral oil. This suggests

that salinity (NaCl 0.5 g/L) also suapts the production of emulsifying compounds.
In contrast, under noisaline conditions, the POS% values were significantly lower (e.g.q28%68n high

EA systems and diesel),

indicating less consistent emulsification. However,
combinations still produced high POS% for certayrocarbons (e.g. 67% for gasoline and fuel oil),

sonsalinetow-EA

suggesting that limited EAs may trigger emulsifier synthesis in specific microbial subpopulations.
Regarding the emulsifying capacity measured by the El24h index, crude extracts from saline conditions

generally yielded higher values than those from fsafine conditions, exceeding 30% for both mineral and
fuel oils. Most saline microfiltered extracts menstrated similar or even improved performance in
comparison to crude extracts. Preservation of emulsifying capacity after filtration in these extracts indicates

that likely the active emulsifying agents are predominantly extracellular and soluble, tathrebeing cell

associated.

Conversely, under negaline conditions, particularly with low IeA availability, a notable reduction in
El24h was observed after microfiltration, probably because of the removal of largeaseettiated, or
colloidal emulsifying structures during fdtion. These findings highlight the importance of environmental
conditions, particularly salinity, in influencing not only the quantity but also the physical nature of the

produced emulsifiers.
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A crucial aspect to consider is the relative dispersion of the EI24h results in many tests (as indicated by the
high standard deviation, sometimes approaching or exceeding the mean). This high variability suggests that
although some samples perform very Nyeemulsifying capacity is not yet consistent across replicates,
possibly due to batcho-batch variability in substrate availability, microbial activity, or instability of the
produced emulsifiers under certain conditions and/or time. This underscores nined for further
optimization and replication to ensure consistent production, which is essential for reliable application.
Germination indexes to evaluate the environmental safety of the filtered mixtures, against the two selected
Y2RSt &aLISOAS&a>Y LINPOARSR NBaUNAROGA2Yya NBIIFINRAYy3I (K
Concentration related effects were evident in the 15% mixtures of both biosurfactant mixtures tested where
inhibition of the germination and growth of the specimens were assessed, while in 5% concentration mixtures
the inhibition was lower and transitory.

The observed influence of concentration and stabilization highlights key formulation parameters and
suggests avenues for optimization through improved preparation and component characterization; future
research should further investigate concentratidepey RSy i STFFSOGa FyR |adaasSaa
interactions with environmental pollutants to better understand its applicability.

Table8: Results of emulsification index on 24 hours (El24h) assays performed with gasoline, diesel oil, mineral and
fuel oil, 12 tests for each condition. The results are reported as the percentage of tests in which the extract (crude
or microfiltered) showed em&@lA F@ Ay 3 | OGA@AGE oth{0 YR (G4KS I @SN} 3S

Test conditions Extract Emulsification Index
Gasoline | Diesel Oil | Fuel Qil Mineral QOil
n®p Ikt bl POS (%) 83 17 83 92
MgSQO.5 g/L + KN® crude El24h | 16.9 (21.9) 20 (7.8) | 30.5 (23) | 35.5 (32.4)
40 mg/L crofitered LPOS (%9 100 50 83 83
MICTOMered ™ E2ah [ 17.5 (18.8) 29.4 (21.5) 35.1 (13.6) 25 (28.8)
ne®p Ikt bl POS (%) 83 33 83 50
MgSQO.1g/L + KNgs | Crude EI24h | 13.1 (19.5) 30.7 (24.4) 30.3 (18.6) 13 (22.6)
mg/L rofiitereq |.POS () 83 50 83 50
microtltered E2an | 14.7 (14.6) 111 (11) | 23.9 (20.4) 29.3 (32.7)
No added NaCl POS (%) 25 8 33 25
oayzy alf crde EI24h | 143 (15.2) 3.3(0) |30.6 (25.1) 3.2 (2.5)
MgSQO.5 g/l + KN® cioreq |LPOS () 25 17 33 17
40 mg/L microtitered ™ Ei2ah | 16.7 (16.1) 10 (6.7) | 22.3 (21.4) 20.5 (35)
No added NaCl POS (%) 67 25 67 33
oayay al f,a| crude EI24h | 205 (12.8) 10 (4.2) | 40.7 (21.2) 44.2 (36.1)
OtglriNeomgl | [ POS() 67 25 67 42
MICrOMered ™ El2an | 8.5 (7.8) | 8.1 (6.5) | 21.6 (23.9) 18 (29.4)

Conclusions

This exploratory study illustrates that indigenous microbial communities in hydrocaxtiaiaminated
soils can be effectively stimulated for the production of biosurfactants and bioemulsifiers under exygen
limited conditions through the application of foostastederived amendments when methanogenesis is
inhibited. This process is influenced by environmental parameters such as salinity and the availability of
St SOGUNRY | OOSLIi2NEE 6AGK YAfR 2ZEARI GAQS ohsida Ay
dependencies suggest that careful tuning of environmental conditions can enhance BS/BE yield.

Additional studies are necessary to more thoroughly define the properties and stability of biosurfactants
and bioemulsifier compounds, and their effects on microbial community dynamics, pollutant bioavailability,
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and plant health. It is important to evaluate production kinetics and refine formulations for practical field
use.
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ABSTRACT

In this papera decision support system that is designed for shallow lakes under the impact of eutrophication
and climate change is presented together with its application to a lake that is located in the northwestern

LI NI 2F GKS wSLlz t A O rextfof aging Mla iinde Scale of geBade’s due urth&cailtwial(i K S
eutrophication. The lake that is an important breeding area for many bird species as well as one of the major
resting areas for migratory birds is under the impact of mainly diffemission sources of nutrients and is

Of  aaAFASR 'd KELISNINRLKAO I OO2NRAY3A (2 GKS O2dzy/i
(DSS) developed is based on #imear mathematical programing and aims the minimization of initial
investments and continuous annual expenses and utilizes the trophic status and related water quality as the
main constraints. The main results of this study are the successful development of the DSS and its successful
application on the decision problem, aimingfaasible and sustainable trophic status of the case study area
based on Carlson trophic status index (TSI). The main conclusion is that even though the related lake will stay
eutrophic, the probability of a hypertrophic state can at least be reduced deradily.

Keywords Shallow lakes, Eutrophication, Hypertrophy, Decision Making

1. INTRODUCTION

Eutrophication is a crucial problem, especially for shallow lakes, elevated by excess nutrient (nitrogen and
phosphorus) inputs from human activities (Abell et al., 2022; Suresh et al.,. 20RB3 eutrophication is a
well-identified environmental problem since 1960s and 1970s, climate change is a newer issue as an
environmental problem gaining on importance as of in the earfychtury.

The direct reason for eutrophication has clearly been identified as the excess amount of nutrient (mainly
nitrogen and phosphorus) loads into waterbodies. The emission sources of nutrient loads can be of point or
diffuse character, where thdiffuse sourcebasedpollution is expected mainlyrom rural areas and point
sourcebasedpollutionis expected mainlfrom urban areasThe climate change may play indirect roles such
as change in flushing time of waterbodies because of the water budget alteratiomatefbodies or the
changes in temperature regime of waterbodies affecting their ecological responses.

The aim of this study is to develop a decision support syg@885) for shallow inland lakes under the
combined threat of eutrophication and the climate change. Such a DSS should incotheraspability of
presenting solutionsvith minimal costs of related countermeasurfes different trophic stats along with
the observed symptoms

The DSS is applied to the Manyas Lake (Figutetl)s located in the northwestern part of the Republic
2T ¢NNJA@S YR Aa idzthn® Ndaleldt Gecadekid®B théi culdirel edtr@RicAtibn.
Climate change is considered as another threat in addition to eutrophicafioe lake that is an important
breeding area for many bird species as well as one of the major resting area for migratory birds is under the
impact of mainly diffuse emission sources of nutrieand is classified as hypesphic according to the
countré Quater quality regulationsThe lake is fairly large with an average surface area of 16Gkctha
watershed area of approximately 3000 krout very shallow with an averaged depth of 1.8 meters.
Moreover, it is important to note that even though the case study area Manyas Lake is mostly phosphorus
limited, fish kills that may be related to nitrogen components, are also an important problem as reported by
Dorak et al. (2023).
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2. MATERIALS AND METHODS
As by any conventional decision support system (DSS), the DSS in this study is designed to provide the
decision alternatives for the decision maker, defined as a group of relativelyrdnmdged bureaucrats who
would formulate the suggestion for setting tgets towards higher levels in the administrations eventually
NBII OKAy3 (KS tS@St 2F LRtAOe YI1SNBE® ¢KSNBEF2NB:
feasible and sustainable trophic status of an arbitrary shallow lake under the impactltofat
Sdzi NP LIKAOI GA2Y YR OfAYIGS OKIy3aSéo

Considering the relatively scarce financial resources allocated to solve environmental problems, the cost
minimization of environmental measures is considered as the objective and the environmental quality is
considered as the constraint that must be filéfil for any acceptable decision. The output of the DSS is the
so-called payoff matrix as given in Figug& where each outcome is cost minimized group of diffuse nutrients
pollution countermeasures using operation research methods.

Figure2. The structure of the pagff matrix as the output of DSS
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