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l1Licft wWweyds and abbreviations

Abbreviations

AMU Adam Mickiewicz University in Pozr&
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Chl-a Chlorophylla
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INC Institute of Nature ConservatipRolish Academy of Sciense
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UAV Unmanned aerial vehicle

WFD Water Framework Directive
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2Executive Summary

PROJECT OBJECTIVES AND KEY RESULTS

The repor summarizes the activities carried out in the project attenith period.The project
progress describing fulfilment of the objectives, highlighting tha&licy impact and
sustainabilityis summarised for each actiofhe project ains to promotebest practices in
ecological service and the circular economics approach by implementing innovative complex
system which has demonstration and innovation charddterproject hathree objectives: i)

to demonstrate integrated efficient management ofiemigr and algal nuisance blooms by
harvesting of cyanobacteria scums and macroalgae mats tg§st and demonstrate the
redesigning of waste biomass of cyanobacteria and macroalgae into potential valuable
products; iii)to raise awareness to environméntaater quality and health hazard issues
among the national governments, local authorities, the business community and society.
Within the Actions Al and Bihe construction, testing and demonstrationtwb different
prototypes for harvesting dalgal biomasswas foreseen. Technical sketches of the small
Algae ServiceS (AS-S) prototype that enable to harvest cyanobacterial scums and
macroalgae mats were prepared and patented. The manufactur8dwaS technically
inspected and registered by LT Transpor Safety Administration.Special trailer for
transporting ASS macroalgaéiomass unloading mechanisaere manufacturedThe ASS
operation was demonstratedring the evenfor governmentabrganisations and other EU
projectsorganized in Lithuania on 08020.Technical sketches of the large Algae Serlice
(AS-L) prototype devoted to collect cyanobacteria scums in the Curonian Lag@va w
finalised. Pretesting of cyanobacteria harvestisgstemselected in the proposal indicdte
necessity to increase its efficiency. Additional survey, discussions with expertesiing
conditioned the delay afipdated technical sketchpseparationMore efficient technology

did not enlarge budget costs or influence on other activikéd vaues. Currently, the
manufacturing of AS_ is in progress.

In the frame of Action B2he preparation and testing methods for evaluation of algal biomass
agglomerations in aquatic ecosystems combining traditional and distant mestblogd¢ace in
2018 2019 in order tanonitor water quality andnprove the cosefficiency of algal biomass
harvesting.Two approachesvere used: satellite images féhe lagoon and unmanned aerial
vehicle (UAV) for lakes rivers. GIS analysisof Chla concentrations basl on satellite
imagesof the Curonian Lagoon (36 data sats)ngthe bol developed incooperation with

the project EOMORESis in progress Set of 27 UAV images (>100 km of rivers, one lake)

in total were producedfor the evaluation of baseline situatialminedimageswereanalysed.
Based orpreparednethodologyagglomerations of macroalgae comprise 10775 t in the best
appropriate for harvesting 34 km of rivehs.situ data of macroalgae, cyanobactenatrient

ard cyanotoxins content in biomasgre analysedor UAV methodology and water quality
assessmentUAV images will be done in LT and PL during 262022 br the validation of
developed methodology. THBIC partner stated new cooperation with iNarsawInstitute

of Aviationin this way contributingo replication of therojectactivity.

In the Action B3.collected biomass of cyanobacteria and macroalgae has been tested for
biogas, biofertilizers and high value bioproduapplication.Overall, 80 kg ofcyanobacteria

and 143 t of macroalgae wet biomass were collecthdt constitute 1% and 20%om
foreseen in KPITogether with biomass Akg of P, 3 kg of N, 0.26g of cyanotoxins (1%,

77% and0.07% of KPI, accordingly) were eliminatdcbm water bodies

Testing ofbiogasstated in 2020, 1.2 tons of macroalgae biomass mixed with manure were
uploaded. Chemical aalysis and first results oplant growth revealed algal biomass
suitability asbiofertili zer. Totally, 6 tons of biomasaasprepared in different wayandhas
beentestedto assess the growth and yield of potatdesley, corn, peas and wheat four



testing levels: laboratory, greenhouse, experimental fields and farming Ketsdological
background for the extractionof high value bioproducts (phycocyanin as natural dye,
extracts of macroalgae for cosmetics) waaborated. About 7 kg of cyanobacteria wet
biomass was used for phycocyanin extraction. Pigment was successfully extracted from
Aphanizomemiomassbut encounteed difficulties extracting fronMicrocystisbiomass.The
extractedbiologically active metabolite'om macroalgadnad antioxidant, moisturizing and
elasticizing properties that open up prospects for using them as a new ecologically friendly
raw materiafor cosmetis.

In the Action C1lthe watermquality baseline for the selected water bodies was defined in order
to assess the improvement after the biomass harvesting during2P@30Historical and
ongoing data from 11 water bodies in LT and PL were gethillowing the intercalibrated
protocol, the requirementof WFD and countries legislatiorOver 9000 samples covering
physicachemical and biological parameters were analysed. An amendmduithuanian
Hygiene Norm HN 92:2018 has been prepared andnger consideration by lawyers.
Evaluation of costs of biomass harvesting, incomes from bioprodwcti®economic effects
monitoringis in progress

In the Actions D1 and D2Zaising awareness and dissemination of the project restfibst

for replication and transfer were actively implemented on national and international &vels.
were achievedand 8 are in progressut of 21 communicationindicators of progressrwo
international project proposal® networking proposals for repétion and transfer of project
resultswere submittednetworking withat least four EU projecteasbeen launchedThe
training seminar and bilateral meetings were organised to reach target stakeholders from
governmental organisations, scientificisines communites ArcGIS application, interactive

map andortline questionnaire in three languageere created3 scientific papers were
published, in 24 nationadinternational conferencesand seminars workshops were
participated To raise awareness among society, 9 popular publicaBorslio interviews, 3

social events were organised. Three notice boards at testing sites were étsotgutoject
website ocial networks were createdyer 400copies ofleafletswerespreadout

Within the Action E11%' Progress Report was submitted to EASMBueTity-six direct or

online meetingsvith partners have been organised. Steering commiséunched.



3l ntroduction

Description of background, problems and objectives

Aquatic ecosystems due to a growing human population force a challenge with accelerated
load of anthropogenic nitrogen and phosphorus resultingypereutrophication Import

driven enrichmenby nutrients promotes excessive production and uncontrollexvgrg of

algae and cyanobacteria that condittonharmful blooms Furthermore, their incidence is
further stimulated by climate changembinedwith increased nutrient loads.

Massive growth of macroalgae or cyanobacteria creates the environmental aald soci
problems due to formation of spatially large mats in aquatic ecosystems. Massive growth of
macroalgae or cyanobactepases an expanding threat to both the environment and society as
it leads to reduction in aquatic biodiversity and biotopes, impactgsaber supply, restrictions

on recreational useshades and suppress aquatic vegetation/macrophytes. The decaying
macroalgae mats cause oxygen depletion, promote secondary enrichment with natrients
aguatic ecosystems, and trigger off an unpleasant smell, when they are washed ashore on the
beaches.

Meanwhile, harmful cyanobacteria blooms (HABs) pose even more significant threats as
cyanobacteria produce high variety of cyanotoxins that can ckisarritation, seriously

harm liver, digestive and nervous systems or even lead to death of human, wild animal and
livestock. Bad water quality makes high risk to human health or biota, cause significant
economic losses twaterrelated recreational agtties and tourismfisheries, shipping and

the other industry sectors.

Currently, diffuse losses of nutrients from agriculture remain the most important hardly
controllablesource to freshwaters and the Baltic Sea. Cyanobacteria and macroalgae serve as
a natumrl bio-filter thataccumulatesitrogen, phosphorus, and €O herefore, harvesting of

their biomass from aquatic ecosystems can be otteeefficient took for long-term nutrient
abatement. The current project creates new prototypes for thetioollet excess biomass of
algae and cyanobacteria and focuses on the mitigation of nutrients increase, blooms risk in
aguatic ecosystems. It is eginvolvedin creating aircular economynodelfor redesigning

of waste algal biomass into potentiallgluable products for sustainable management and
recycling of environmental resources.

Project objectives:

Generally, the project seeks to promote best practices in ecological service and the circular
economics approach by implementing innovative compsystem which has both
demonstration and innovation character.

1 The primary goal of the project is to demonstrate integrated efficient management of
nutrients and algal nuisance blooms at the catchment scale by harvesting of
cyanobacteria scums and macre&gnats in various types of water bodies (rivers, lakes
and the Curonian Lagoon).

1 To test and demonstrate the redesigning of waste biomass of cyanobacteria and
macroalgae into potential valuable products for sustainable management and recycling
of environnental resources.

1 To raise awareness to environmental, water quality and health hazard issues among the
national governments, local authorities, the business community and society for the
continuation and transfer of proposed measures application on a&bsuate after the
end of the Life project.

The objectives of the project will demonstrate the efficiency of the protetygreesters for
mitigation of excess algal biomass, as the source of phosphorus, nitrogen and hazardous



cyanotoxins, in the ecosystenmo ensure their applicability and transferability to a high
variety of EU aquatic ecosystems. Also, this project focuses on developing technologies to
provide a reliable, affordable, and sustainable supply of algal biomass as a feedstock source.

Expectad long-term results

The proposedneasures foecological service address several European Union directives
related to the water quality (Water Framework DirectR@00/60/EC Marine Strategy
Framework Directive2008/5@EC, Bathing Waters DirectivR006/7EC, Nitrates Directive
91/676/EEQ andthe redesign of waste biomass contributes to new EU Biodiversity Strategy
for 2030 (COM(2020) 380) and The European Green dE&1(2019) 640) strategy.

To achieve the goals of EU Directives the project addressegratéd management of
nutrient inputs and organic pollution of agricultural origin and suggests measures on river
basin or catchment scal e. Rleinkoevda | p rod ¢ ensustersi ed
to the AEU Strategy fdprovidehan intBgrdtet fraanewSrk Bor Re g i
improvement of the environmental conditions in the Baltic Sea. The project pursues to
promote ecosysteiibased approach to control harmful blooms in inland waters and to reduce
nutrient loads to the Baltic Sea from ttechments. It is intended to develop the technologies

for the provision of water service and gently mitigation of eutrophication.

By implementing theWater Framework Directive (2000/60/EC), the project seeks to
remove excess biomass of algae and cyariebadhat assimilate nutrients, aimadhis way to

reduce contamination of surface waters with phosphorus and nitrogen compounds, to improve
water quality and preserve biodiversity in aquatic ecosystems. The proposed pretotypes
harvesters are the instrumis to control diffuse pollution from the catchment to inland waters

and from lake sediments. Under thlarine Strategy Framework Directive (2008/56/EC),
Member States ensure to reach good state and high biodiversity of the marine environment by
2020. Theharvesting of excess phytoplankton agglomerations in the Curonian Lagoon and
macroalgae collection in the selected rivers of the Nemunas basin will contribute to the
reduction of nutrient transit to the Baltic Sea and to the improvement of the watey qualit
catchment scale.

Following the Nitrates Directive (91/676/EEC), the project seeks to eliminate nitrogen
compounds assimilated into harvested biomass and to block their flow further through the
waterways. TheBathing Water Directive (2006/7/EC) is foased on water quality,
monitoringof algae (cyanobacteria) blooms, and mitigation of their risks. Cyanobacteria can
produce toxic compounds that create health hazard to humans and biota. Therefore, special
attention in the project is devoted to mitigatimihharmful blooms and protection of bathing
water quality. The harvesting of cyanobacteria scums will secure inland aquatic ecosystems
relevant for recreation and fisheryhe Drinking Water Directive (98/83/EC)seeks to

protect human health by ensuring the safe drinking water for supply (does not contain
poisoning microorganisms or substances). The World Health Organization Guidelines for
Drinking water quality recommengr ovi si onal vfoa dne @ tleamfost doterd g / mL
and commonly occurring cyanotoxin MQR.

The proposed nutrient abatement tool is in line with the fidsk An EU Nature Restoration

Pl an: restoring ecosystEBwodivarsity Strategy flora263@ a n d
(COM (2020) 380) thawill help to tackle the pollution by nutrients, to control of invasive
alien species, to support the recovery of natural biodiversity. Theotudrofertilizers
redesigned from algal biomass, which is rich in organic compounds, contributes to organic
farming and soil restoration. Moreovemnovative complex of system combining the
ecological service and the circular economics apprcaaigested by the projeatidressean
implementation of the strategic tasks highlighted e European Green DealCOM(2019)

640) strategy.



4 Admini strative part

The management structureof the projectwas outlined in theTable C2 Action E1) of the

project proposal The coordinating beneficiary NRGs responsible for the project
management, including the technical dméncial aspects. The management Group (MG) of
the project that constitutes from the Mainodrdinator, vicecoordinator, management
accountant) and Support (representatives from the institution of each associated
beneficiary/partner) groups is involved joint discussion concerning issues and accepts
important decisions and deliverables via voting accordingh®rules described in the
Partnership Agreement. Also, each beneficiary has responsibility for at least one action,
where they make the largesintribution to the projecPayments of the prefinancing amounts
from the EASME and the national -fimanciers were delivered to the partners as was set in
the Partnership Agreement. All relevant notifications received from the Agency or NEEMO
and the finhversions of deliverables and the technical/financial reports were duly transferred
to all project participants.

Project implementation plan was detailed in the Gantt Diagram annexed to the Partnership
Agreement The MG meetings took part every quartes ensure smooth project
implementation and discuss issues related. After, the progress was summarised by the
consortium in the technical and financial reports. The Minutes of the partners meeting sum up
the topic and decisions of the meeting. Théabérd meetings, permanent contact bynail

and/or phone calls took place to solve a particular issues and questions. More information
about 26 direct or online meetings is provided in the description of the Action E1 of this
report.

Communication with the EASME and Monitoring team. Communication of the project
coordinator with the NEEMO Monitoringeam and the advisor from the European
Commission was constructivelhe coordinator and theroject managing accountant
participated in the LIFE kicloff meeting in Brussels (11/2018). The NRC constantly
communicated by phone;meail or meetings with the NEEMO Monitoring expert to solve
management and administrative doubts. The Coordinating beneficiary organized two annual
monitoring visits for the NEEMO expert byqguiding updated reports, organizing visits-on
sites of project implementation and providing requested documents for inspection. All
comments provided after eac hacdounf Bogmss reportor Es
and three sets of modificationsgessary to the project were adjusted with Monitoring expert
prior sending them to the EASME. Amendmetatighe projectvere not necessargASME

have beennformed about all modifications made in the project. Adjustmesgsiested and

the responsesrom EASME acquiredare provided in théANNEX 1; also briefly explained

with a particular Action in the Technical part of the rep@bmmunication with EASME
concerning information correction in the official project page was performed on 02/2019,
however one ofhe project partners (INC) is still missing.
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5.1. Technical progress per Action

Action A.l. Overview of harvesting instruments worldwide and finalisation of the
technical sketches of the prototypes

Summary of project Deliverablesid Milestonesf the Action A.1

Sub Short Activity title Partner| Foreseen datg Actual dates STATUS of
action progress; output
Action Al Start Q3 2018/ StartQ3 2018
End Q2 2021 | End Q3 2021
Al |The review of the devices us¢ BE Start08/2018 |Start08/2018 |Completed;
for harvesting of algadcums End12/2018 |End11/2018 |Deliverable Al.1a
and mats worldwide Deliverable Al.1b
Al |Design and technical sketchel BE Start08/2018 |Start08/2018 |Completed;
of AS-S prototype End04/2019 |End04/2019 |Deliverable Al.2
Al |Design and technical sketchel BE Start04/2019 |Start04/2019 |Completed;
of AS-L prototype End12/2019 |End09/2020 |Deliverable Al1.3
Al |Receiving of permits in LT for BE Start07/2019 |Start02/2020 |Completed;
AS-S operation End08/2019 |End06/2020 |Deliverable Al1.4
Annex Al1.1
Al |Receiving of permits in LT fon BE, Start04/2020 |Start04/2021 |Postponed
AS-L operation NHF |End07/2020 |End07/2021
Al | Overview of harvesting BE Start08/2018 |Start08/2018 |Milestone
instruments worldwide End12/2018 |End11/2018 |completed
completed
Al |Elaboration of the detailed BE Start08/2018 |Start08/2018 |Milestone
sketches of two prototypes End12/2019 |End09/2020 |completed
completed
Al |Permit for both prototypes BE Milestone in
operation in 0 & PL received progress

| ] resultcompleted [ | activity in progress

Details of Progress:

An overview of the devices used for harvesting of macroalgal agglomerations and

cyanobacteria scums worldwidgeprovidedin Deliverable Al.1a

Technical

sketches of

the Algae

ServiceS (AS-S) prototype to harves
cyanobacterial scums and macroal

mats were completed on time (Fig. :
sketches
specifications that cover the type a
quality of the ASS prototype part:
(pontoons, drainage dgsn, renewable
energy
system, engine and management syst
are made and provided iBeliverable

Detailed

Al.2

technical

system, conveyor,

al

pressi

Fig. 1. Schematic view of the AS prototype.




Technical sketchesof the updated Algae Servide (AS-L) prototype construction with
cyanobacteria collection systems, solar panels, engines, compressor, safety equipment, etc.
were finished on 09/2020 and are provided inDiediverable A.1.3Fig. 2). The delay was

due to decision of search for the best tedbgical solution for AS to collect cyanobacteria

in the Curonian lagoon. Therefore, an additional review of algae collection technologies
complementing theDeliverable A.1l.1lawas made Deliverable A.1.1p After careful re
consideration of algal colleci o n technol ogyo6s advant ages,
consultations with producers and discussions between partners, the reverse microalgae
filtration system has been selected. A Model system that consists of two perforated cylinders,
dense filtrationmesh placed on them, pressed air nozzles and water pump was constructed
and tested. Since, cyanobacteria collection technology was changed to makeltheof&S
effective, additional weight, carrying capacity and biomass transportation logistics
calculatons were made. All changes concerning thelAfgrototype, such as dimensions,
cyanobacteria collection system, as well as delay of technical sketchesowemeinicated to
EASME during monitoring expert visit on 08/202BNNEX 1). The changes will not reqe

higher budget. Delay of technical sketches will influence the deadfineanufacturingand
acquiring of permitsfor AS-L prototype However, significantly increased efficiency of
cyanobacteria scums harvesting of revised technolafjyallow to meetthe tasks in the

project ands essential focontinuationof the activityafter theendof theproject

Fig. 2. Schematic view of the AlSprototype.

Receiving of permits in Lithuania for the AlgaeServic& (ASS) prototype operation is
completed. The Lithuanian Transport Safety administration approved technical project of the
AS-S construction (drawings and technical calculations) on 08/2019. Their representatives
supervised a manufacturing process of&Prototype (01/2020), registered the constructed
prototype (02/2020), provided the final registration documents (06/2020), and performed
technical inspection. All documents are providedDieliverable A.1.4  ASAPEOTOTYPE

USER MANUALO with safety and matenancerecommendations was preparekhfiex Al.1L
Permi ssion to perform macroal gae harvesting
provided in theAnnex Al.2

Receiving of permits in Lithuania for AS-L operation was postponedith EASME
permissionm theletterfrom project advisr received on 07/09/2020 (issuetill) 31/07/2020.
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Action B.1. Construction, testing and demonstration of prototypes for harvesting of
cyanobacteria and macroalgae

Summary of project Deliverablesid Milestonesf the Action B.1

Sub | Short Activity title Partner| Foreseen dates Actual dates |STATUS of
action progress; output
Action B.1 StartQ4 2018 StartQ4 2018
End Q3 2023 End Q3 2023
B1.1 | Manufacture ASS BE Start12/2018 Start04/2019 |Completed;
harvesting prototype End07/2019 End05/2020 |DeliverableB1.1,
Revisedend04/2020 AnnexesAl.l, B11
B1.1 |Manufacture AS. BE Start09/2019 Start09/2020 |In progress;
harvesting prototype End07/2020 End05/2021 |Deliverable A1.3
B1.1 |Prepared application tg BE Start01/2023 Start09/2019 |In progress;
patenttwo prototypes End07/2023 End07/2023 |Deliverable Al.4
sketches
B1.2 |Collected totally up to | BE, Start08/2019 Start08/2018 |In progress
80 t algal biomassto | NRC, |End10/2022 End10/2022
perform Action B3 AMU
B1.3 | Prototypes operation | NHF, |Start09/2020 Start06/2020 |In progress
demonstrated in 2 smal| NRC, |End10/2022 End10/2022
and 1 large aquatic BE
ecosystem
B1.1 |Manufacturing of two | BE Start12/2018 Start04/2019 |Milestone in
biomass harvesting End07/2020 End07/2021 |progress
prototypes achieved
B1.2 | Collected sufficient BE, Start08/2019 Start08/2018 |Milestone in
biomass to run Action | NRC, |End10/2022 End10/2022 |progress
B3 activities AMU

Details of Progress:

Sub-action B1.1Manufacture of prototypes for algal agglomerations harvesting.

Manufacture of AS-S harvesting prototypeis completed. Different parts of AS prototype

were manufactured and/or bougBteps of manufacturing process: i) manufactured platform
was connected with pontoons consisting of segments; ii) the rotating mechanism front head
for algae collection was mounted; iii) engines, cutting knifes, equipment hydraulic system
were installed;iv) drainage system elements: metal press container, perforated box, chain
piston, water pump were constructed separately and connected to the body; v) anchors and
systemof solarpanels were installed; vi) sides and roof were mounted, control panel was
installed; vii) the reverse filtration technology with pump for cyanobacteria harvesiasg
manufactured and installed; viii) design with LIFE grdject logo was created and applied

on the ASS. Images of ASS prototype manufacturing, technical testing provided in Fig.

3i 4, andDeliverable B1.1, AnnexB1.1. Delay of manufacturing of AS prototypeand the
corrective actions applied were reported to EASME together witipragress report on
31/12/2019 (ANNEX 1); the appliedcorrective actions are defimed in detailin the section

6.2 of the report.

The special mechanism for unloading of harvested biomass to the shore was made (Fig. 4).
The specialised trailer was manufactured to transport th& pBtotype to the testing sites

(Fig. 4). Manufacturingpf specialised trailer instead of its reas foreseen in the proposal

was decided because tife absence of suitable one in the marked was permitted by
EASME in the letter fronthe project adviser received on 07/09/2020 (issSuANEX 1).

The skethes of ASS were patented by the State Patent Bureau of Lithuania Republic (on
11/2019;Deliverable A1.3.
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Technical testing of ASS prototype. Technical testing of AS prototype separate and

joined parts at the construction site took ~400 hours. TheS AfBototype stability, draft,
swimming, rotating front collection head, drainage system with metal -poegainer,

perforated box, chain piston and water pump were tested out of construction site in small
water body 40 hours (10/2019, 12/2019, 03/20215/2020). After testing some changes

were made to have a better balance of the prototype (shortened rotating front head, adjustable
position of bi odi esel enginebés and control
changes allowed to keep betteeight balance during collection of macroalgae as operator
could adjust position of bi odiesel ds and <co
hydraulic system was also modified. Macroalgae and cyanobacteria collection systems, press
container, Arvested biomass unloading mechanism, the prototype swimming with collected
biomass and upstream operating were tested 180 +ours in real conditions in Kaunas
Reservoir (00 9/ 202 0) , River Gventoji (08/2020) , L a
of AS-S prototype for cyanobacteria harvesting was performed at Kaunas Reservoir (working

18 hours, harvesting 5 hours), whereas for macrodlgateKaunas Reservoir (16/12 hours)

and River Gventoji (8/ 4 hours) . fdactvenessareli f i C e
under development after larger biomass amounts collecTiod.constructed special trailer
was tested to transport A pr ot otype to River Gventoji an

the prototype into the water.

Fig. 3.Manufacturing and technical testing ofABprototype(mor |nnx Bl

Manufacturing of AS-L prototype. First pre-testing of cyanobacteria harvesting systems
was done using pure algal cultures grown at the NRC on 07/2020. Based on the positive
resuls obtained, the model of cyanobacteria collection system was manufaatdrezsted in
Lake Simnas and Kaunas Reserv@ieljverable A1.3 Based on testing results, the changes
in AS-L filtration system were made and additional dewatering system haseln foreseen

for the prototype. Currently, the manufacturing of-A% in progresshowever the delay was
foreseenand permitted by EASME in the letter fromthe project adviser received on
07/09/2020 (issue §Annexl1). The delay will not substantiallyfluence implementation of
other project Actions as cyanobacteria biomass for testing in the AR:Bonvill be harvested
using the ASS. The Performance Indicators will be reached in shorter time due to more
efficient collection system.

12



support adjustable beam

Prototype AS-S mechanism for —a 1
biomass unloading S f \
o |

unloading box

e

Fig. 4. Manufactured ASS prototype biomass un 6ading mechanigmdcustommadetrailer
for prototypetransportation

Sub-action B1.2.Testing of the harvesters in LT and PL water bodies.

Harvesting of algal biomassOverall, 80 kg of cyanobacteria and 14.25 tons of macroalgae

wet biomass were collected from the selected/tested water lshaiag period from 08/2018

to 10/2020(Fig. 5). The harvested biomass constitutes 1% and 19.6% of foreseen amount in
the proposalaccor di ngl y. Macroal gae coll ection was
due to low water level because of hydrological draught. Cyanobacteria bloom in Lake Simnas
was very intense but short. Therefore, biomass for testing in the Action B3 waxtamblin

water bodies from Reserve List (River Nevagi

Fig. 5. Macroalgae collected River Nevagis on 09/2020

Subaction B1.3.Demonstration of the harvesters in LT and PL water bodies

Prototype and distant method¥emonstration event wa s organi zed i n An
12/08/2020.Participants from governmental institutiossich asMunicipality of Any k gl i ai ,
Anykgli ai R &nyiroonmrerdl ProtBctian kAgency, State Service for Protected

13



Areas, Environmental Protecti Department, Center for Health Education and Diseases
Prevention, Lithuanian University of Health Sciences, Lithuanian Energy Instittiteanian

Fund for Nature, etc. and related environmental projects took part in the event (Fig. 6). The
Project pamers presentedtheoretical background oflistant methods for evaluation of
macroalgae in the riverand technical characteristics of the AS prototypeas well as
demonstragd unmanned aerial systems and macroalgae harvesting usifg A8 field
conditiors.

t! N
R e 10

Fig. 6. The project demonstration event in

14



Action B.2. Testing prepared methods for cyanobacteria scums, macroalgae mats

biomass evaluationin situ and water quality analysis using traditional and distant

methods

Summary of project Deliverablesid Milestonesf the Action B.1

Sub | Short Activity title Partner| Foreseen date| Actual dates |STATUS of

action progress; output

Action B.2 Start Q3 2018 | Start Q3 2018

End Q3 2023 |End Q3 2023

B2.1 | Methodical guidelingor NRC, |Start08/2018 |Start08/2018 |In progress;
evaluation of algal INC End12/2020 |End12/2022 |Deliverable B2.1
agglomerations using UAV
prepared

B2.1 |Methodical guideline for NHF, |Start10/2018 |Start10/2019 |In progress
evaluation of algal NRC |End12/2022 |End12/2022
agglomerations using satellite
images prepared

B2.2 |Intermediate report on NRC, |Start08/2018 |Start08/2018 |In progress;
nutrients and cyanotoxins INC, End12/2020 |End12/2020 |AnnexB21
elimination via algal AMU
agglomerations harvesting

B2.1 |Elaborated guidelines for NRC, |Start08/2018 |Start08/2018 |Milestone in
evaluation in situ algal NHF, |End12/2022 |End12/2022 |progress
agglomerations using distant| INC
methods

Details of Progress:

Sub-action B 2.1.Biomass testingn situusingremote sensing

Evaluation of algal agglomerations using unmanned aerial vehicle (UAVontracts for
purchase the UAV image service (08/2018 and 07/2020) and images analysis service
(11/2018) were signed. For the evaluation of baseline situation in ldwtesewater bodies

and for methodology preparatioset of27 UAV imagesin total (300 900 images per set)

were producedduring 20182019 using visual spectrum image capture camera and thermal

i maging camera. Altogether yosvagr JI0Or0a,k nNeofd gRi
Simnas were surveyed. Joining of UAV high resolution images and their anabs
softwareAgissoft, eCognition and ArcGIS weprompleted;methodologywas prepared and
provided inDeliverable B2.1(Fig. 7). The analysis o€ladophorabiomassn the tested rivers
allowed toevaluate three different types of agglomerations (surface mats, bottom layers,
submerged agglomerations) and macroalgae coverage in the areas (Table 2). The analysis
revealed some deviations framsitu data due to high (> 2m) depth in some places of River

Gventoji, shading by riparian wvegetation, v
detected deviations usimg situdata is in progress.

Following adjustment@ccepted by EASMEn the letterfrom theproject adviser seron

16/04/2020 agreement between INC and Institute of Aviation in Warszawa was signed. Thus,
aerial photographyf Tynieckie Circle Podkamycze and Paprocamwmas doneon 082020,

and will continue in 20212022. Therefore, th&JAV images analysis activity was extended

in time. Four sets of UAV image&t00 900 images per set) of Lake Simnas, Kaunas
Reservoir, Rivers Gventoji and Nevagis were

methodology.Deliverable B2.1will be updatedon 12/2022 combining validated data from
Lithuanian water bodies and image analysis from Polish water bodies.

Evaluation of algal agglomerations using satellite imagesThe Horizon 2020 project
EOMOREShas a series of services for monitoring the qualftyntand and coastal water
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bodies based on a combination of the mosttouate satellite data, innovativie situ
instruments. The validation of proposed tool for measure of chloropayl(Chl-a)
concentratiorwas finished on 10/2019 and data were provided to the NRC for analysis to
identify hotspots of cyanobacteria blooms. GIS analysis was stamelddata of Cha
concentrations for 2012019 (36 data sets) was modelled, while calculations of each dataset
are in progress Methodology of analysis include several stepsdawnloaded data is
imported in ArcMap 10.6.1 software and raster dataset converted to point layer; each point
containsChl-a concentration in ppb in attribute table of the layer; ii) poatadayer was used

for IDW (Inverse Distance Weighting) interpolation; this method allowed to highlight the hot
spots of the bloom phenomenon; ibpsed on data, the Curonian Lagoon in territory of
Lithuania was divided into 6 zong§:ig. 8) Maps of disribution of Chta concentrations and
statistical data will be provided as a final result of GIS analysis.

é

Fig. 7. Evaluation of macroalgal agglomerations in the riversi the UAV used to take
images; Bi joined UAV images of the river stretch; T evaluation of macroalgal
agglomerationgn situ. Di F 1 images of the tested particular river site by UAV (D), by digita
camera from the bank (E), image after analysis usifigvare(F).

Table 2. Coverage area, volume and amofintacroalgae in the tested stretches of LT rivers

River Length of Macroalgae agglomerations _
Str etéh No the stretch Area Total Average Tptal Total weight,
km covered, hal volume, ni | weight, kg/mi | weight, t t/km

Gven-tlg 6.6 119.3 32318 2.55 3042.2 460.9
Gv e n-29 6.1 9.2 52318 2.55 234.6 39.5
Dubysa- 1 6.8 10.8 3243 5.67 612.4 90.1
Dubysa- 2 7.2 11.5 33446 5.67 652.1 90.6
Nevali 6.9 118.3 58381 5.27 6234.4 903.5
Totally 33.6 269.1 179706 10775.7
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