DNV-GL
Ap. MioTonoinTikoU:

MNISTOMOIHTIKO ErKPIZHS TYMOY NA  Setificate ho:
TO SYSTHMA AIAXEIPISHS ©OANASSIOY |
EPMATOS Hucpounvio
TYPE APPROVAL CERTIFICATE OF THE BALLAST WATER MANAGEMENT SYSTEM Date of issue:
2020-05-19

Ekd00nke Baoel Twv diaTa&ewyv Tng AleBvoug ZUuBaong yia Tov 'EAgyxo kai
Alaxeipion ‘EppaTog Kal IZnuaTwy nou npogpxovTal ano MAoia (Qe&ng «n
ZupBaon»)

Issued under the provisions of the International Convention for the Control
and Management of Ships’ Ballast Water and Sediments (hereinafter referred
to as “the Convention”)

KaT’ €§ouaiodoTnon Tng KuBepvnong Tng
under the authority of

EAAHNIKHZ AHMOKPATIAZ
THE HELLENIC REPUBLIC

And/by DNV GL

Me 1o napov niotonoigital / This is to certify:

'OT1 TO oUoTNnua diaxeipiong Balaocciou EpUaToc nou ekTiBETAl NApakATw £XEl €EETACTEI KAl DOKIPAOTEI
oUN@WVa KE TIG anaitnosic Twv npodiaypa@wv nou nepiéxovral Code for Approval of Ballast Water
Management Systems (resolution MEPC.300(72) 1. To moTonoinTiko €ival £ykupo Povo yia To cuaTnua
dlaxeipiong Balacaciou £pUaTog NoU avapEPETal NApakaTw.

That the ballast water management system listed below has been examined and tested in accordance
with the requirements of the specifications contained in the Code for Approval of Ballast Water
Management Systems (resolution MEPC.300(72) !. This certificate is valid only for the ballast water
management system referred to below.

SUoTtnua diaxeipiong Balacaiou €puaTog epodiacpévo anod Tnv: Alfa Laval Tumba AB
Ballast water management system supplied by: Alfa Laval Tumba AB

Ovopaocia cuotnuaTtog: Pureballast 3.2/3.2Ex, Pureballast 3.2 Compact, Pureballast 3.2 Compact
Flex
Name of the system: Pureballast 3.2/3.2Ex, Pureballast 3.2 Compact, Pureballast 3.2 Compact
Flex

EvowpaTwvovTag Ta €ENG HOVTEAQ:

PureBallast 3.2: 250, 250HP, 300, 300HP, 300/600, 500, 500HP, 500/1000, 600, 600HP, 750,
750HP, 750/1500, 1000, 1000HP, 1000/2000, 1200, 1500, 1500HP, 1500/3000, 2000, 3000
PureBallast 3.2 Ex: 250, 250HP, 300, 300HP, 300/600, 500, 500HP, 500/1000, 600, 600HP,
750, 750HP, 750/1500, 1000, 1000HP, 1000/2000, 1200, 1500, 1500HP, 1500/3000, 2000,
3000

LEGAL DISCLAIMER: Unless otherwise stated in the applicable contract with the holder of this document, or following from mandatory law, the
liability of DNV GL AS, its parent companies and subsidiaries as well as their officers, directors and employees ("DNV GL") arising from or in
connection with the services rendered for the purpose of the issuance of this document or reliance thereon, whether in contract or in tort
(including negligence), shall be limited to direct losses and under any circumstance be limited to 300,000 USD, and any claims made against
DNV GL based upon alleged defective services provided by DNV GL to designers, yards, manufacturers or other stakeholders in the newbuilding
process shall under any circumstance be time-barred if made later than 12 months from delivery of the vessel. Based upon written request to the
DNV GL legal entity which has issued this document, a higher limitation of liability may be agreed on a case-by-case basis.

1 Alaypagertal katd nepintwon / Delete as appropriate.

O I..El Form code: IBWM 211.GRC el-en Revision: 2019-11 www.dnvgl.com Page 1 of 22
Iilr © DNV GL 2014. DNV GL and the Horizon Graphic are trademarks of DNV GL AS.
T




Ap. MoTonoinTikoU:
Certificate No: TAP0O0O0023R

Huepounvia ékdoong:
Date of issue: 2020-05-19

PureBallast 3.2 Compact: 85, 85HP, 135, 150HP, 170, 250, 300

PureBallast 3.2 Compact Flex: 85, 135, 170, 250, 300, 500, 600, 750, 1000 pc AsiTOoUpYIKN
napoxn ene€epyaciac 85 €mwg 3000 m3/h

Incorporating the following models:

PureBallast 3.2: 250, 250HP, 300, 300HP, 300/600, 500, 500HP, 500/1000, 600, 600HP, 750,
750HP, 750/1500, 1000, 1000HP, 1000/2000, 1200, 1500, 1500HP, 1500/3000, 2000, 3000

PureBallast 3.2 Ex: 250, 250HP, 300, 300HP, 300/600, 500, S00HP, 500/1000, 600, 600HP,
750, 750HP, 750/1500, 1000, 1000HP, 1000/2000, 1200, 1500, 1500HP, 1500/3000, 2000,
3000

PureBallast 3.2 Compact: 85, 85HP, 135, 150HP, 170, 250, 300,

PureBallast 3.2 Compact Flex: 85, 135, 170, 250, 300, 500, 600, 750, 1000 with treated rated
capacity 85 to 3000 m3/h

To SUoTtnua diaxeipiong Balaociou EppaTtog kataokeuaopevo ano Tnv: Alfa Laval Tumba AB
Ballast water management System is manufactured by: Alfa Laval Tumba AB

JE ox€dlo eEonAiohoU/ouvapuoAdynong apib.:

Ovopacia TUNou ouoThpartog: PureBallast 3.2, MNepiypapn: Piping and instrumentation
diagram (P&ID), TitAog: Flow chart 250, 300, 500, 600, 750, 1000, 1500, 300/600, 500/1000,
750/1500, HP 250, 300, 500, 750, Ap. 2xediou: 9034854, Ekd.: 3

Ovopacia TUnou ouoTinparog: PureBallast 3.2, MNepiypa@n: Piping and instrumentation
diagram (P&ID), TitAog: Flow chart 1200, 2000, 3000, 1000/2000, 1500/3000, HP 600, 1000,
1500, Ap. Zxediou: 9034855, Ekd.: 3

Ovopacia Tunou cuoTnpHaTog: PureBallast 3.2, Nepiypa@n: Electrical wiring diagram, TitAog:
Electrical system layout 250-1200, 2000, 300/600, 500/1000, 1000/2000, HP250-600, 1000,
2000, Ap. Zxediou: 9037265, Ekd.: 2

Ovopacia TOnou cuoTnpaTtog: PureBallast 3.2, Nepiypagpn: Electrical wiring diagram, TiTAog:
Electrical system layout 1500, 3000, 750/1500, 1500/3000 HP 750, 1500, 3000, Ap. Zx&diou:
9037180, Ekd.: 2

Ovopacia Tunou cuoTnuarog: PureBallast 3.2, Nepiypa®@n: Operation, maintenance and safety
manual (OMSM) including list of components, TitAog: System Manual PureBallast 3.2 Std, Ap.
2xediou: 200000920, EkJ.: 2

Ovopacia Tunou ocuoThpartog: PureBallast 3.2 Ex, Mepiypagn: Piping and instrumentation
diagram (P&ID) for installation in hazardous area, Tithog: Flow chart Ex
250,300,500,600,750,1000, 1500,300/600, 500/1000, 750/1000, Ex HP 250, 300, 500, 750,
Ap. Zxediou: 9034859, Ekd.: 1

Ovopacia Tunou ouoThparog: PureBallast 3.2 Ex, Mepiypagn: Piping and instrumentation
diagram (P&ID) for installation in hazardous area, TiTthog: Flow chart Ex
1200,2000,3000,1000/2000, 1500/3000, Ex HP 600,1000, 1500 , Ap. Zxediou: 9034860, Ekd.:
1

Ovopacia TUnou cuoTnUartog: PureBallast 3.2 Ex, NMepiypaen: Electrical wiring diagram for
hazardous installation, TiTtAog: Electrical system layout Ex 250-1200, 2000, 300/600,
500/1000,1000/2000 , HP 250-600, 1000, 2000, Ap. =xediou: 9037266, EkJ.: 4
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Ovopacia TUnou cuoTnpatog: PureBallast 3.2 Ex, Nepiypagpn: Electrical wiring diagram, TiTAog:
Electrical system layout 1500, 3000, 750/1500, 1500/3000 HP 750, 1500, 3000, Ap. =x&diou:
9037064, Exd.: 4

Ovopacia TuUnou cuoTAHaTog: PureBallast 3.2 Ex, MNMepiypa®n: Operation, maintenance and
safety manual including list of components, TiTAog: System Manual PureBallast 3.2 Ex, Ap.
2xediou: 200000921, Ekd.: 2

Ovopacia TUnou cuoThnpaTtog: PureBallast 3.2 Ex, Mepiypapn: Component list for hazardous
installation, TitAog: EX-Certificate list, Ap. Zxediou: AWDOC-1-692, Ekd.: 2

Ovopacia TUnNou ouoTnHatog: PureBallast 3.2 Compact, nMepiypapn: Piping and
instrumentation diagram (P&ID), TitAhog: Flow chart 85, 135, 170 HP 85, Ap. Zxediou:
9034865, Ekd.: 0

Ovopacia TUnNou ouoTnUatog: PureBallast 3.2 Compact, nMNepiypapn: Piping and
instrumentation diagram (P&ID), TitAog: Flow chart 250, 300 & HP 150, Ap. Zxediou: 9034866,
Ekd.: 0

Ovopacia TUnou cuoTnuarog: PureBallast 3.2 Compact, Nepiypapn: Electrical wiring diagram,
TiTAog: Electrical system layout 85-300 & HP 85-150, Ap. =x&ediou: 9037672, EkJ3.: 0

Ovopacia TUnou cuoTAHaToG: PureBallast 3.2 Compact, Mepiypaen: Operation, maintenance
and safety manual including list of components, TiTAog: System Manual PureBallast 3.2
Compact IMO/USCG, Ap. Zxediou: 200000922, Ekd.: 1

Ovopacia TUNou ouoTnuaTtog: PureBallast 3.2 Compact Flex, MNepiypapn: Piping and
instrumentation diagram (P&ID), TiTtAogG: Flow chart 85-1000, Ap. 2xediou: 9034867, Ekd.: 1

Ovopacia TUnou cuoTAuartog: PureBallast 3.2 Compact Flex, Mepiypagn: Electrical wiring
diagram, TitAog: Electrical system layout 85 - 1000, Ap. 2xediou: 9035102, EkS.: 1

Ovopacia TUNou ouoTAHaToG: PureBallast 3.2 Compact Flex, MNepiypapn: Operation,
maintenance and safety manual including list of components, TitAog: System Manual
PureBallast 3.2 Compact Flex IMO/USCG, Ap. Zx&ediou: 200000887, Ekd.: 1

to equipment/assembly drawing No.:

System Type Designation: PureBallast 3.2, Description: Piping and instrumentation diagram
(P&ID), Title: Flow chart 250, 300, 500, 600, 750, 1000, 1500, 300/600, 500/1000, 750/1500,
HP 250, 300, 500, 750, Dwg Nr.: 9034854, Rev.: 3

System Type Designation: PureBallast 3.2, Description: Piping and instrumentation diagram
(P&ID), Title: Flow chart 1200, 2000, 3000, 1000/2000, 1500/3000, HP 600, 1000, 1500,
Dwg Nr.: 9034855, Rev.: 3

System Type Designation: PureBallast 3.2, Description: Electrical wiring diagram, Title:
Electrical system layout 250-1200, 2000, 300/600, 500/1000, 1000/2000, HP250-600, 1000,
2000, Dwg Nr.: 9037265, Rev.: 2

System Type Designation: PureBallast 3.2, Description: Electrical wiring diagram, Title:
Electrical system layout 1500, 3000, 750/1500, 1500/3000 HP 750, 1500, 3000, Dwg Nr.:
9037180, Rev.: 2

System Type Designation: PureBallast 3.2, Description: Operation, maintenance and safety
manual (OMSM) including list of components, Title: System Manual PureBallast 3.2 Std, Dwg
Nr.: 200000920, Rev.: 2
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System Type Designation: PureBallast 3.2 Ex, Description: Piping and instrumentation
diagram (P&ID) for installation in hazardous area, Title: Flow chart Ex
250,300,500,600,750,1000, 1500,300/600, 500/1000, 750/1000, Ex HP 250, 300, 500, 750,
Dwg Nr.: 9034859, Rev.: 1

System Type Designation: PureBallast 3.2 Ex, Description: Piping and instrumentation
diagram (P&ID) for installation in hazardous area, Title: Flow <chart Ex
1200,2000,3000,1000/2000, 1500/3000, Ex HP 600,1000, 1500 , Dwg Nr.: 9034860, Rev.: 1

System Type Designation: PureBallast 3.2 Ex, Description: Electrical wiring diagram for
hazardous installation, Title: Electrical system layout Ex 250-1200, 2000, 300/600,
500/1000,1000/2000, HP 250-600, 1000, 2000, Dwg Nr.: 9037266, Rev.: 4

System Type Designation: PureBallast 3.2 Ex, Description: Electrical wiring diagram, Title:
Electrical system layout 1500, 3000, 750/1500, 1500/3000 HP 750, 1500, 3000, Dwg Nr.:
9037064, Rev.: 4

System Type Designation: PureBallast 3.2 Ex, Description: Operation, maintenance and safety
manual including list of components, Title: System Manual PureBallast 3.2 Ex, Dwg Nr.:
200000921, Rev.: 2

System Type Designation: PureBallast 3.2 Ex, Description: Component list for hazardous
installation, Title: EX-Certificate list, Dwg Nr.: AWDOC-1-692, Rev.: 2

System Type Designation: PureBallast 3.2 Compact, Description: Piping and instrumentation
diagram (P&ID), Title: Flow chart 85, 135, 170 HP 85, Dwg Nr.: 9034865, Rev.: 0

System Type Designation: PureBallast 3.2 Compact, Description: Piping and instrumentation
diagram (P&ID), Title: Flow chart 250, 300 & HP 150, Dwg Nr.: 9034866, Rev.: 0

System Type Designation: PureBallast 3.2 Compact, Description: Electrical wiring diagram,
Title: Electrical system layout 85-300 & HP 85-150, Dwg Nr.: 9037672, Rev.: 0

System Type Designation: PureBallast 3.2 Compact, Description: Operation, maintenance and
safety manual including list of components, Title: System Manual PureBallast 3.2 Compact
IMO/USCG, Dwg Nr.: 200000922, Rev.: 1

System Type Designation: PureBallast 3.2 Compact Flex, Description: Piping and
instrumentation diagram (P&ID), Title: Flow chart 85-1000, Dwg Nr.: 9034867, Rev.: 1

System Type Designation: PureBallast 3.2 Compact Flex, Description: Electrical wiring
diagram, Title: Electrical system layout 85 - 1000, Dwg Nr.: 9035102, Rev.: 1

System Type Designation: PureBallast 3.2 Compact Flex, Description: Operation, maintenance
and safety manual including list of components, Title: System Manual PureBallast 3.2 Compact
Flex IMO/USCG, Dwg Nr.: 200000887, Rev.: 1

NoInog eEonAioud¢ kaTaokeuaopevog ano: To PureBallast 3.2 BWMS spapupolel Th o€1pad QIATpOV
ACB pe autokaB8apifoOpevo cuppdaTivo nAgyda 20 pum nou katackeuaderal ano Tn Filtrex.

Other equipment manufactured by: The PureBallast 3.2 BWMS applies the ACB self-cleaning
screen filter series with 20 pm mesh manufactured by Filtrex.

HE oXx€DI0 eE0NAICHOU/OUVApHOAOYNONG aplb.: ONWG avaPEPETdl Nnapanave
to equipment/assembly drawing No.: as listed above
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A£ITOUPYIKN napoxn eneepyaociag: 85 éwg 3000 m3/h
Treatment rated capacity: 85 to 3000 m3/h

AvTiypago auToU Tou MoTonoinTikoU ‘Eykpiong TUNou, NpeEnel va QEPETAl 0 KABE NAOIO NMOU EXEl
€£YKATECOTNKEVO auTO To cuoTnua eneEepyaaiag Balaoaoiou €puartog ava naca oTiyur. Mia ava@opd oTo
NPWTOKOAAO JOKIUNAG Kal €&va avTiypa@o TwV anoTEAEOUATWY JOKINWV NpENEl va gival diabgoiua yia
£\eyxo ni Tou nAoiou.

>Tnv nepinTwon nou To MioTonoinTiko 'Eykpiong Tunou £kdideTal Baci{OPEVO O £yKpIan AAANG ApXNG,
NpENEl va yiveral ava@opa oTo CUYKEKPIPEVO MigTonoinTiko ‘Eykpiong Tunou.

A copy of this Type Approval Certificate should be carried on board a vessel fitted with this ballast water
management system at all times. A reference to the test protocol and a copy of the test results should
be available for inspection on board the vessel.

If the Type Approval Certificate is issued based on approval by another Administration, reference to that
Type Approval Certificate shall be made.

To mioTonoinTiko £kdideTal ye Baon To MigTonoinTiko 'Eykpiong Tunou api6. TAPOO0018Z Exd. 4 nou &xel
ekdoB¢ei anod Tov DNV GL petd and €€ouaiodoTnon TN NopBnyikng NauTiAlakng ApxncG.

The Certificate is issued based on the Type Approval Certificate No. TAP0O00018Z Rev. 4 issued by DNV
GL on behalf of the Norwegian Maritime Authority.

O1 neploplaTIKEG NpoUnoBEceig nou TiBevTal neplypd@ovTal aTto MpoodpTnHa Tou NapovTog Eyypd@ou.
Limiting Conditions imposed are described in the appendix to this document.

AAAoI neplopiopoi nou TiBevtal cupnepiAapBavouy Ta €E€n¢: BA. NMpoodapTnHa
Other restrictions imposed include the following: See Appendix

AUTOG 0 €EONAIONOC £xel OoXeDIAOTEl YIa AsiToupyia oTIG napakaTw?: BA. MpoocdapTnpa
This equipment has been designed for operation in the following conditions?: See Appendix
Ekd60nke oTo(v)/n(v) / Issued at Hgvik Tnv/on 2020-05-19

To napdv nioTonoinTiko 1oXUEl £EWG: MNa/For DNV GL
This Certificate is valid until: 2023-02-02.

Toniko Mpageio DNV GL: Dag Sele-Nilsen
DNV GL local station: Stockholm EmkepaAic Tufparoc/Head of Section

Mnxavikog 'Eykpiong / Approval Engineer: Tone
Knudsen Fiskeseth

EicayeTal Toug oxediaoTIKoUg NepiopiopoUs Tou ouaTruaTog / Insert System Design Limitations.
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MpooapTnua/Appendix

1. Nepiopioyoi cuoTAHarog / System limitations:

AkoAouBia ene&epyaciag
Treatment sequence

. MpooAnyn €puaTtog: ®iATpo kal anoAUpavon Je unepimdn akTivoBoAia
. Anoppiyn épuartog: AnoAuuavon Pe unepimdn akTivoBoAia

MeTda and pia akoAouBia eneEepyaaoiag kal evrog 30 wpwv, To cUCTNNA NpPENEl va KabapioTei
xpnoigonolwvTag Tn Aeiroupyia CIP. Yypo kaBapiopou: Alpacon Descalant Offshore.

o Ballast water uptake: Filtration and UV treatment
. Ballast water discharge: UV treatment

After a treatment sequence and within 30 hr, the system shall be cleaned using the systems Cleaning in
Place (CIP) function. Cleaning Liquid: Alpacon Descalant Offshore .

MapapeTpol NoIdTNTAG VEPOU
Water quality parameters

Ospuokpaagia kar aAaTtoTnTa
Temperature and Salinity

H Bepuokpacia kal n aAatoTnTa Tou Balacaciou £puaTtog dev anoTeAoUV NEPIOPICTIKN NpolnoBeon yia To
ouoTnua snegepyaociac Bahaoaoiou £puaToc.

Temperature and salinity of the ballast water are not a limiting condition for the ballast water treatment
system.

A&ITOUPYIKEG NAPAMETPOI
Operational parameters

Xpovoc KaTtakpdTnong
Holding time

To PureBallast 3.2 BWMS é€xel enidei&el anddoon 0To anaiToUPevo 0plo andppiyng EpUATOG HE EAAXIOTO
XPOVO KaTakpdaTnong MeTa&l npooAnyng Kal anoppiyng 24 wpwv o xepoaieg dokinéC. H eneepyaaia pe
unepi®dn akTivoBoAia eival dueon kal dev anaiTel Xpovo napapovig os deEapevr) €pPaTog yia va
KATAOTHOEl TOUG OPYAVIOHOUG EEOUDETEPWHEVOUC. ZUVENWG, 0 XPOVOC KaTakpdTnaong dsv Bewpeital
neplopioTikn NpolndBeon yia To ouoTnua diaxeipiong Bahacaoiou €ppaToc.

The PureBallast 3.2 BWMS has demonstrated performance to the discharge standard with a minimum
holding time between uptake and discharge of 24 hours in land-based testing. UV treatment is instant
and does not require any hold time in a ballast tank to render organisms inviable. Therefore, holding
time is not found to be a limiting condition for the ballast water management system.

AogoAoyia

Dosing

To SuoTtnuaTtog Alaxeipiong ©aAlaoaiou 'EppaTtog €xel enidei&sl anddoon oTo NPOTUNO andppiYng oTav n
€vtaon Tng unepiwdoug akTivBoAiag (‘Evraon Y.A.) kai n napoxn METpIoUVTAl NAVW ano TIG NapakdaTw
NapapéTpous. SNUEIWOTE OTI Ta opia ‘Evraon Y.A. avTioToixouv o€ pia yeradoon Y.A (M.Y.A.) Tou vepoU,
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aAAd auTtd To avTtioToixo (M.Y.A.) unopei va noikiAel avaloya e TIG NApapéTpoug NoloTATAG Tou vepou,

dnAadn Ta cwuaTidia kal Tov dIaAUPEVO opyavikd avepaka.

The BWMS has demonstrated performance to the discharge standard when the UV intensity (UVI) and
flow rate is measured above the below parameters. Note that the UVI limits correspond to a UV
transmission (UVT) of the water, but this corresponding UVT may vary depending on the water quality

parameters, i.e particles and dissolved organic carbon.

Méyebog KatwTepo Opio ‘Evraong Y.A. KatwTepo Opio KatwTepo 6pio
avTidpaoTnpa- og 6aAdaocoio Kai ‘Evraong Y.A. ‘Evraong Y.A.
YA upaApupo vepol) o€ YAUKO VEPO OTO o€ YAUKO VEPO OTO
[m3/h] UVI lower limit nAARPOUG PORG AHIOU TG PORG3)
UV-reactor size in marine and (TRC) 2 UVI lower limit
[m3/h] brackish water?) UVI lower limit in fresh water at
in fresh water at half flow3)
full flow (TRC) 2
170 210 W/m?2 480 W/m?2 410 W/m?
300 210 W/mz2 480 W/m?2 410 W/m?2
600 210 W/m2 480 W/m?2 410 W/m?2
1000 252 W/m?2 576 W/m?2 492 W/m?2
1500 252 W/m?2 576 W/m?2 492 W/m?2

1 H 'Evraon Y.A. K4T® ano To KATw ano To XaunAdTepo O0plo cuvendyeral OTI To €pua dev &ival
€NeEEPYATPEVO CUPPWVA E TO NAPOV NioTonoinTikG. KaTta Tn oToxeuon autoU Tou opiou 'Evraong Y.A. ot
XEPOAIEC DOKIYEG, N YETPOUMEVN HeTAdoon Y.A. nTav 42%.

UVI below lower limit implies that the ballast water is not treated in accordance with this
certificate. When targeting this UVI limit in land-based testing, the measured UVT was 42%.

2) 'OTav oToxXeUeTal AUTO TO Oplo 'Evraong Y.A. o€ xepaaieg SOKIUEG, N HETpoUpEevN peTadoon Y.A. nTav
54%.

When targeting this UVI limit in land-based testing, the measured UVT was 54%.

3) To ouoTnua nepIAapBavel EAeyxo pong o€ YAUKO vepd He Peiwon porg Ewg kal 50% TnG ovouaaoTIKNG
pong. H'Evtaon Y.A. KGTw anod To XaunAOTEPO OpIo GUVENAYETAl OTI TO £€ppa dev eival eneEepyacpevo
oUNQWVA JE To Napov nigronoinTikd. Katd Tnv napekBoAn HETAEU TNG XaUnAOTEPNG KAl TNG UWNAOTEPNG
peTadoong Y.A. nou PeTpATAl KATA Tn JIAPKEIA TNG XEpoaiag SoKIWNG, auTd To opio ‘Evraong Y.A.
avTioToixei o€ petadoon Y.A. PeTA&U 48% kal 50%.

The system includes flow control in fresh water with a flow reduction of up to 50% of rated flow. UVI
below lower limit implies that the ballast water is not treated in accordance with this certificate. When
extrapolating between the lowest and highest UVT measured during land-based testing, this UVI limit
corresponds to a UVT between 48% and 50%.

To guoTtnpa nepiAapBavel eniong EAeyxo BeATioTonoinong Ioxuog Aapntnpa Y.A. pe Baon Tn HETPNON TNG
€vtaong Y.A. . H 1oxU¢ Tng Adpnacg pnopei va PeiwBei €wg kal katd 50%.

The system also includes UV-lamp power optimization control based on measured UV-intensity. Lamp
power can be reduced by up to 50%.
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AeiToupyikr) napoxn ene&epyaaciag (A.M.E.) Tou 3.A.0.E.
Treatment Rated Capacity (TRC) of the BWMS

To cuoTnua BWMS eAgyxel Tov puBuod pong oTn YPAauun ToU £PUATOC XPNOIKOoNoInvTag Hia BaABida
€AEYXOU PONG Yia va eEac@alioel 0TI 0 pubpoOg pong diaTnpeital evrog TnG A.M.E. evOC OUYKEKPIUEVOU
HovTEAou. Ta va eniTeuxBei eyaAUTepN 1IKAvOTNTA PONG, Ol avTIdPACTHPEG UNEPIVSOUC akTIvoBoAiag
pnopouv va eykataoTadoUv ev napaAAnAw cUPQwva Pe TIC 0dnyieg oxediaong Kal eykaTaoTaong Tou
Pureballast kal Tov napakdTw nivaka.

O1 ovopaoTIkEG AsiToupyikeg napoxeg enegepyaaiag (A.M.E.) Twv npoodiopioyevwyv HovTéEAwY PureBallast
3.2 BWMS napartiBevTal oTtov napakdtw nivaka. O nivakag kaBopilel eniong Ta kUpia oToixeia nou 8a
gykataoTaboulv yia €va GUYKeKpPIMEVO PHovTEND PureBallast 3.2 BWMS.

The BWMS controls the flow rate in the ballast water line by using a flow control valve to ensure that
flow rates are kept within the TRC of a specific model. To achieve higher flow capacities, the UV Reactors
can be installed in parallel configuration according the PureBallast design and installation guide and the
table below.

The Treatment Rated Capacities (TRC) of the designated PureBallast 3.2 BWMS models are listed in the
following table. The table also specifies the major components that shall be installed for a specific
PureBallast 3.2 BWMS model.
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MovTéAo (A.N.E.) (A.N.E.) MovTtéAo Mé&yeBog Ene§nynon 1onou PureBallast4)
2.A.0.E. [MpoocAnyn | Anoppiyn QiATpou avTidpaocTtipa | PureBallast Type designation?)
BWMS [m3/h]Y) | [m3/h]2 Filtrex 3) YA
model TRC TRC Filter model [m3/h]
Uptake |Discharge Filtrex 3) UV - Reactor
[m3/h]Y) | [m3/h]V) size
[m3/h]
85 85 85 ACB-906-100 1x170 Compact HP
85 85 170 ACB-906-100 1x170 Compact, Compact Flex
135 135 170 ACB-910-150 1x170 Compact, Compact Flex
150 150 150 ACB-935-200 1 x 300 Compact HP
170 170 170 ACB-915-150 1x170 Compact, Compact Flex
1 x 300 Compact, Compact Flex, Std., Ex,
250 250 300 ACB-935-200
1 x 600 Std. HP, Ex HP
1 x 300 Compact, Compact Flex, Std., Ex
300 300
300 ACB-945-200 Std. HP, Ex HP
1 x 600
300/600 600 Std., Ex
500 600 1 x 600 Compact Flex, Std., Ex,
500 500 ACB-955-250 Std. HP, Ex HP
1 x 1000
500/1000 1000 Std., Ex
1 x 600 Compact Flex, Std., Ex,
600 600 600 ACB-985-300
2 x 600 Std. HP, Ex HP
250 1000 1 x 1000 Compact Flex, Std., Ex,
750 750 ACB-985-300 Std. HP, Ex HP
1 x 1500
750/1500 1500 Std., Ex
1 x 1000 Compact Flex, Std., Ex,
1000 1000
1000 ACB-999-350 Std. HP, Ex HP
2 x 1000
1000/2000 2000 Std., Ex
1200 1200 1200 |ACB-9100- 2 x 600 Std., Ex,
400
1500 1500 1 x 1500 Std., Ex,
1500 ACB-9100- Std. HP, Ex HP
400 2 x 1500
1500/3000 3000 Std., Ex
2000 2000 2000 255-9120- 2 x 1000 Std., Ex
3000 3000 3000 255"9200' 2 x 1500 Std., Ex

1) H AeiToupyikn napoxn ene€epyaciag opileTal wg n kabapn por| eEEpXOUEVN TOU GUCTHATOG
eneEepyaaiag, pia kabapr por nou unspBaivel Tn dedoPEVN TIUR CUVENAYETAl OTI TO €pua dev sival
€NEEEPYATUEVO CUUPWVA WE TO NAPOV MICTOMOINTIKO.
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TRC is the net flow out of the treatment system, a net flow exceeding the given value implies that
the ballast water is not treated in accordance with this certificate.

2) KaTta Tnv anoppiyn Tou Balacaoiou €puaTtog, To PEyEBOC Kal 0 apiBudg Twv avTidpacTrnpwy Y.A.
neplopilel TN ASITOUPYIKN Napoxn enegepyaaciag TwV CUCTNHATWV.

During ballast water discharge, the size and number of UV reactors limits the systems TRC.

3) AuToc o nivakag napouacialel Tn YeVIKn diauopPpwaon ToUu CUCTHHUATOG ONWG CUVIOTATAl ano Tov
KaTaokeuaoTr. To PJovTEAo PureBallast 3.2 BWMS pnopei va xpnoigonoinBei pe yeyaAuTtepn povada
QIATpWV ano ot kabopioTnke napandvw, akAa To TRC Ba napapeivel To idio.

This table shows general system configuration as recommended by the manufacturer. The PureBallast
3.2 BWMS model may be used with a larger filter unit than specified above, but the TRC will remain the
same.

4) Ta JOVTEAA UWNANG anddoong Xpnoidonoliouv avTiIdpaoTAPEG UNEPINDOUG akTIVOBOAIAG JE ovouaaoTIKn
XwpNTIKOTNTA Nou ungpBaivel To SINAACIO TNG OVOUAOTIKAG XWPNTIKOTNTAG TOU PIATPOU yia va anopeuxOei
n MEiwan TNG pong oTav ene€epyddeTal vepo PE XaunAn dianepatoTnTa unepiwdouc akTIivoBoAiag oe
AeiToupyia USCG.

The High Performance (HP) models applies UV reactor(s) with a rated capacity which is more than two
times the filter rated capacity to avoid flow reduction when treating water with a low UV-transmittance in
USCG mode.

Nigon
Pressure

H eAaxiotn kal YEyioTn nieon ASIToupyiag Tou cuoTANATOG Kal n d1agopiKr Migon Nou eveEPyonole TNV
avTioTpo®pn nAUCN napaTiBevTal NApAKATw®.

The minimum and maximum system operating pressure and the differential pressure triggering
backflushing are listed below.

EAdaxioTn nieon Aila@opikn nieon nou
TUnog @iATpou €10030U EVeEpPYONOIEiI TV MéyioTn nigon
Filter type Minimum inlet avrioTpo®pn nAuon AsiToupyiag
pressure Differential pressure Max operating pressure
(back-pressure) triggering backflushing
Filtrex Type ACB 1 bar >0.5 Bar 10 Bar
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2. AioTa nioTonoinHévwyv TUNwvV/List of certified types:

EEonAIOHOG EAEyXOU KAl napakoAouOnong
Control and monitoring equipment

'Ekd00n AoYIGUIKOU
Software version

To PureBallast 3.2 BWMS eival eyKEKPIPEVO HE AUTEG TIG EKDOTEIG AOYIOUIKOU EAEYXOU CUOTAHATOG:
The PureBallast 3.2 BWMS is type approved with these system control software versions:

PureBallast 3.2: V3.2.3.zz

PureBallast 3.2 Ex: V.3.2. 3.zz

PureBallast 3.2 Compact V3.2.1.zz Compact
PureBallast 3.2 Compact Flex: V3.2.2.zz CFlex

OnoleodnnoTe aAAaYEG OTO AOYIOHIKO NPENEl va KaTaypdagovTal kab’oAn Tn didpKeia nou 1o cuaTnua

Xpnaolgonolgital oTo nAoio. ZNUAvTIkEG aAAayEG oTo Aoyiopikd, nou opilovTal oTo Zx€510 AlaoPAAiong
MoidTnTag AoyiopikoU ADSQAP-1-41 anaiToUv £€ykpion. Mnopei va anaiTeital doKIUn TwV AEITOUpYI®V
£QPAPHUOYNG EVOG avaBewpnUEVOU AOYIOHIKOU.

Any changes to the software are to be recorded as long as the system is in use onboard. Major changes
in the software, as defined in the Software Quality Assurance Plan ADSQAP-1-41, require approval.
Testing of the application functions of a revised software may be required.

MéTpa aogpalsiag
Safety measures

To PureBallast 3.2 BWMS &ival eyKekpIUEVO PE Ta akOAouBa Opyava yia Tnv napakoAoudnon Tng
aopaloug Asiroupyiag Tou Z.A.0.E. kal yia Tnv evepyonoinon, 6nwg sival anapaitnTo, evog autouaTou
TeppaTiopoU AsiToupyiag Tou =.A.0.E.:
e AloBnTApacg Bepuokpaociac (TT201-33) eykaTeoTnuévog oTov avTidpaoTrpa YA
e AlakonTng Bepuokpaciag (TS201-60) eykaTeoTNUEVOG OTOV AVTIdPACTNPA UNEPIMIOUG
akTivoBoAiag kai diappuBuIopévog e AsiToupyia aopaAegiag aveEapTnTn anod Tov EAEYX0 TOU
2.A.O.E.
e O aiobnTnpec nieong (PT201-16, PT201-71 kai / N-72) TonoBeToUVTal NPIV KAl HETA TO PIATPO
e MeTpnTng pong (FIT201-1) eyKATEOTNHEVOC UETA TO PIATPO

The PureBallast 3.2 BWMS is type approved with the following instruments for monitoring the safe
operation of the BWMS and for activating, as necessary, an automatic shutdown of the BWMS:
e Temperature sensor (TT201-33) installed in the UV reactor
e Temperature switch (TS201-60) installed in the UV reactor and arranged with safety function
independent of BWMS control
e Pressure sensors (PT201-16; PT201-71 and/or-72) installed before and after the filter
e Flow meter (FIT201-1) installed after the filter

HAEKTPIKA KAl NAEKTPOVIKA £EapTnuUaATa

Electrical and electronic components

To PureBallast 3.2 Z.A.0.E. €ival eykeKpIMEVO LUE TA NAEKTPIKA KAl NAEKTPOVIKA €§apTrpaTa
(oupnepIAaUBAVOUEVWY TWV NPOAvVAPEPBEVTWY OpYAvwV yia TNV napakoAoudnon Tng acpaioug
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Aeiroupyiag Tou 2.A.0.E.) nou unodsikvUovTal ota P&ID kal onwg kabopilovTal oTig AiOTEG TWV BACIKWV
€€apTnudTwyv nou divovtal oto OMSM. EkTOC and Ta aToixeia nou anapiBuouvTal oto OMSM kai gTov
napakdatw nivaka, gnopouv va XpnolgonolouvTdal evaAAaKTIKA JOVTEAG uno Tov 0po OTI 0l NANPOPOPIES
OXETIKA JE TA EMAEYHEVA KATAOKEUAOTIKA OTOIXEIAQ anoTeAOUV PEPOC TWV €YYPAPWV Nou oXeTI(ovTal PE TN
OUYKEKPIPEVN €YKATAOTACN, NAPEXOVTAG EITE avapopd O £YKUPO MICTOMNOINTIKO £YKPIoNG TUNOU €iTE OE
TEXVIKO (pAkeAo nou anodeikvUel OTI To eMIAeypévo eEApTNHa unoBANBnKe o€ NepIBAAANOVTIKEG SOKIMEG
oupewva pe To IACS UR E10.

The PureBallast 3.2 BWMS is type approved with the electrical and electronic components (including the
above listed instruments for monitoring safe operation of the BWMS) indicated on the P&IDs and as
specified in the lists of main components given in the OMSM. Except for the components listed in the
OMSM and the table below, alternate models may be used provided that information regarding the
selected components is part of the documentation related to the specific installation, by providing either
a reference to valid type approval certificate or technical documentation demonstrating that the selected
component was subject to environmental testing as per IACS UR E10.

MNa Ta akdAouba NAEKTPIKA Kal NAEKTPOVIKA €EapTANATA, XpnoigonoloUvTal Ta HOVTEAA nou kabopilovTal
OTOV NApakdaTw nivaka:

For the following electrical and electronic components, the models specified in the table below shall be
used:

ApiOp. Ovopacia e§apTnHaTog KaTtaokeuaoTng MovTéAo(a)
ETikETAg Component name Manufacturer Model(s)
Tag No.
UV-Technik, For UV reactor model 170, 300
Speziallampen and 600:
AloBnTnpag YA GMBH SUV 20.2 Y2 C40° 1000w/m2 MP
QT201-50 | UV sensor
UV-Technik, For UV reactor model 1000 and
Speziallampen 1500:
GMBH SUV 20.2 Y2 C40° 3000w/m2 MP
cc Epudpio eAéyxou yia To PB 3.2 Alfa Laval and CCPB 3.2
Control Cabinet for PB 3.2 Beijer HMI screen: Beijer X2 Marine 15
Epupapio Aauntipwy yia 1o PB
LDC 3.2 Alfa Laval LDC PB 3.2

Lamp Drive Cabinet for PB 3.2
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Epudaplo NAekTpIK®V yia To PB
3.2 Compact kar To Compact Flex | Alfa Laval and EC PB 3.2

Electrical Cabinet for PB 3.2 Beijer HMI screen: Beijer X2 Marine 7
Compact and Compact Flex

EC

Mivakag anoyakpuvouevou
eAEyxouU Alfa Laval and
(npoaipeTika) Beijer

Remote Control Panel (optional)

RCP 3.2
HMI screen: Beijer X2 Marine 15
or7

RCP

Epudpio AaunTrpwv yia To PB
3.2 Compact Flex

Lamp Drive Cabinet for PB 3.2
Compact Flex

LDC Alfa Laval LDC 1

Epudpio AaunTrpwv yia To PB
3.2 Compact Flex

Lamp Drive Cabinet for PB 3.2
Compact Flex

LDC Alfa Laval LDC 2

Enmikivduvn nepioxn / AVTIEKPNKTIKOU TUnou
Hazardous area / Ex-proof

To PureBallast 3.2 BWMS €xel a§lohoynBei kal €xel dlanioTwOei 0TI CUPHOPPWVETAl PE Toug Kavoveg DNV
GL Pt.4 Ch.8 Sec.11 yia eykaTaoTdoeig eNiKivOUVWVY NepioXwVv. To PIATpO, 0 avTidpaoTrnpag UNepimdoug
akTivoBoAiag, n povada CIP, ol BaABideg, n avTAia avTioTpo®ng NAUONG, N NPOAIPETIKN avTAid
avappo@naong vepoU Kal ol JETPNTEG PONG EXOUV MigTonoinon Ex kal pnopolv va eykatactabouv og {wvn
€nIKIVOUVOTNTAG 1, opada aspiwv IIC kal Beppokpacia KAGong T4. nou BpiokeTal oe ac@aAn {wvn. H ek
TWV UCTEPWV MioTonoinan 8ev KAAUNTETAlI anod To napov nigronoinTikd. H eykataoTacn o€ pia enikivduvn
neploxn Npénel va eykpibei og kABe nepinTwon cUPPWva Pe Toug Kavoveg kal Tnv Motonoinon / EIBIKA
JuvBnkn yia AcpaAn Xprion nou naparifevral o €ykupo AVTIEKPNKTIKO MigTonoinTikd / AvayvwpioHEVO
Opyaviopd MoTonoinong.

The PureBallast 3.2 BWMS has been evaluated and found to be in compliance with DNV GL Rules Pt.4
Ch.8 Sec.11 for hazardous area installations. The filter, UV reactor, CIP unit, valves, backflush pump,
optional ballast water booster pump and flowmeters have Ex-certification and can be installed in
hazardous area zone 1, gas group IIC and temperature class T4, but the cabinets are to be located in
safe zone. Ex-certification is not covered by this certificate. Installation in a hazardous area are to be
approved in each case according to the Rules and Ex-certification / Special Condition for Safe Use, listed
in a valid Ex-certificate issued by a notified/recognized Certification Body.
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3. AnoteAéopara dokigwyv / Test results:

Xepoaieg AOKINEG
Land-based testing

Mivakag 1

Table 1

ZUVvOnKeg vepoU JOKIUAG KAl NAPAUETPWV AEITOUPYIAG yia TIG Xxepoaieg dokiueG Tou Alfa Laval AB, PureBallast 3.0 pe
A.M.E. 300 m3/h pe péyebog AvTidpacTrpa -Y.A 300 kal @iATpo Hydac RF-10 pe cuppaTivo nAéypa 50 pm oto DHI
Maritime Technology Evaluation Facility Tng Hundested, Denmark kaTd Tnv nepiodo OkTwPpiou 2012 £wg Iouviou 2013.

Test water conditions and operational parameters in land-based testing of the Alfa Laval AB, PureBallast 3.0 with a
TRC of 300 m3/h including the UV reactor size 300 and Hydac RF-10 filter with a 50 pm mesh screen at the DHI
Maritime Technology Evaluation Facility in Hundested, Denmark, during the period from October 2012 to June 2013.

KokAog Asiypa | TSS POC DoC @cpp. | Y.A. | AAatétnra | ‘Evraon EnsEepyaopivn Xpévog
Sokipmv: Sample | [mg/L] | [mg/L] | [mg/L] | [°C] = [PSU] Y.A. Mapoxn KAaTAKPATNONG
Test cycle TSS POC DoC Nep. | salinity [mW/m2] | [m3/h] (NpEPEG)
[mg/L] | [mg/L] | [mg/L] | Temp. | [%] | [Psu] uvI Flow rate Treated | Holding time
e | uv- [mW/m?] | [m?/h] (day)
.{%]
B-1 Inlet 49 6.7 10 13 48 17 312 307 5
B-2 Inlet 49 6.7 10 13 48 17 310 311 5
B-3 Inlet 62 6.8 5.8 10 53 18 486 301 5
B-4 Inlet 62 6.8 5.8 11 53 18 484 296 5
B-5 Inlet 60 7.1 6.5 10 53 19 471 283 5
B-6 Inlet 60 7.1 6.5 10 53 19 477 277 5
M-1 Inlet 42 6.3 8.2 10 56 34 421 300 5
M-2 Inlet 46 7.8 7.3 7.0 57 32 470 301 5
M-3 Inlet 46 7.8 7.3 7.1 57 32 470 303 5
M-4 Inlet 49 8.2 7.3 7.7 58 36 459 280 5
M-5 Inlet 49 8.2 7.3 7.9 58 36 459 250 5

1) H nepatoTnTa Y.A. nou doKIYACTNKE gival XaunAoTepn and Tnv anairoUpevn nepatotnTa Y. A, Onwg enikupwonke
oUPQWva Pe TNV napaypago 2.4.21 Tou napaptnuaTtog oto MEPC.279 (70).

DThe tested UVT is lower than the required UVT as validated in accordance with paragraph 2.4.21 of the annex in
MEPC.279(70).
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Mivakag 2

Table 2

Méool apiBuoi (Tpeig enavaAfyelg) wvTavwy opyaviopwyv oTnv €icodo, oTa eneEepyaceva Kal oTa eAEyXOHeva vepa
anoppIYng kaTta Tn didpkeia Twv xepoaiwv dokiywv Alfa Laval AB, PureBallast 3.0 kata Tnv nepiodo OkTwRpiou 2012
€wg Iouviou 2013. O1 Biwoipol opyaviopoi peyeBoug =210 kar <50 ym peTpriBnkav katda Tnv anoppiyn Pe Tn SOKIMM Tou
nio ni6avou apiBuou. Ta deiypaTta €106d0u yia Toug {wvTavoug opyaviopoUc TNG TaEews Twv =10 kal <50 um
avaAlBnkav pe HETPNON O€ HIKPOOKOMIO HE Xpwan CMFDA/FDA. 'OAeg o1 peTprioeig naBoyovwv Baktnpinv (E. coli,
enterococci kai Vibrio cholerae) oto ene€epyacpévo vepd Bpebnkav KATW anod To andiToUPeVo 0pIo andppiYng £pUAToc.

Average numbers [three replicates] of live organisms in inlet and treated discharge water during land-based testing of
the Alfa Laval AB, PureBallast 3.0 during the test period from October 2012 to June 2013. Viable organisms of size
class 210 and <50 ym were quantified by a most probable number assay (MPN) after discharge. Inlet samples were
analysed for live organisms of size class 210 and <50 pm by microscopy counting after staining with CMFDA/FDA. All
counts of pathogenic bacteria (E. coli, Enterococci and Vibrio cholerae) in treated water were below the ballast water
discharge standard.

: Opyaviopoi =50 pm Opyaviopoi =210 kai <50 Opyaviopoi =50 pm Opyaviopoi =10 kai <50
KukAog [opyavicpoi/m3] pm (opyaviopoi/ mL) [opyavicpoi/m?3] um (opyavicpoi/ mL)
SOKIH®OV

Organisms =250 pm
Test [organisms/m?3] Organisms 210 and <50 | Organisms =50 pm Organisms =10 and <50
c;:Ie Hm [organisms/mL] [organisms/m3] Wm [organisms/mL]
Eicodog E"*:E_EPV“_ "EAgyX0G-
Inlet c|:|z-:vo B anoppiyn
anoppiyn
Control-
Eicodog MPN CMFDA/FDA Treated- di Eicodog MPN
- ischarge
Inlet MPN CMFDA/FDA | discharge Inlet MPN
B-1 243,672 >16,000 1,334 9.0 62,217 0.30 >1,600
B-2 243,672 >16,000 1,334 10.32 62,217 0.57 >1,600
B-3 598,982 >16,000 2,970 2.7 157,065 0.18 >1,600
B-4 598,982 >16,000 2,970 1.7 157,065 <0.18 >1,600
B-5 333,520 16,000 2,232 0 42,134 0.25 1,373
B-6 333,520 16,000 2,232 0.67 42,134 <0.18 1,373
M-1 168,553 13,733 1,715 0.33 48,907 0.66 1,147
M-2 187,007 3,133 1,508 1.0 13,283 <0.18 830
M-3 187,007 3,133 1,508 0.33 13,283 <0.18 830
M-4 232,600 3,133 1,221 0.33 60,757 <0.18 1,373
M-5 232,600 3,133 1,221 1.0 60,757 <0.18 1,373

1) NapdAo nou Ta anoTeAéopaTa Tou eAEyxou KaTta Tnv andppiyn napouaialovral povo pe Tn péBodo Tou MPN, Ta
deiyuaTa Tou EAEyXOU KATA TNV anoppiyn cuppopp®vovTav eniong (> 100 organisms/mL) pe HETPNON OE HIKPOOKOMIO
Je xpwon CMFDA/FDA

While control discharge results are presented with MPN only, the control discharge samples were also compliant (>
100 organisms/mL) after enumeration with microscopy counting after staining with CMFDA/FDA.

2) H évrtaon Tng unepiwdoug akTivBoAiag ATav ota 310 mW/m?2 n onoia gival ekTOG Twv opinv oXeSIACHOU Tou
OUCTAMATOG.

UVI was 310 mW/m2 which is outside the borders of the system design limitation
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Suvenkec vepoU JOKIPAG KAl NApAUETPWV ASITOUPYIAG yia TIG Xepoaisg dokIPEG Tou Alfa Laval AB, PureBallast 3.0 pe
A.M.E. 300 m3/h pe péyebog AvTidpaoTrpa -Y.A 300 kai @iATpo Filtrex ACB 945-200 pe cuppdTivo nAgéypa 20 ym oTto
DHI Maritime Technology Evaluation Facility Tng Hundested, Denmark kata Tnv nepiodo AnpiAiou €wg Iouviou 2014 yia
UQAAUUPO Kal PPECKO VEPO Kal KaTa Tnv nepiodo IouAiou €wg AuyouaTtou 2015 yia 6ahacaivo vepd.

Test water conditions and operational parameters in land-based testing of the Alfa Laval AB, PureBallast 3.1 with a
TRC of 300 m3/h including the UV reactor size 300 and Filtrex ACB 945-200 with a 20 ym mesh screen at the DHI
Maritime Technology Evaluation Facility in Hundested, Denmark, during the period of April to June 2014 for brackish
and fresh water and during the period July to August 2015 for marine water.

KUkAog Aciypa TSS POC DOC Ogpy. Y.A. - | AAatoTnTa ‘Evraon Enegepyacpévn Xpovog
Sokip@v)) | sample | [mg/L] | [mg/L] | [mg/L] | [°C] Nep. [PSU] Y.A. Mapoxn KATAKPATNONG
Test TSS POC DOC Temp. | [%]? | salinity [mW/m?2] [m3/h] (npépeg)
cycle!) [mg/L] | [mg/L] | [mg/L] | [°C] uv-tT [PSU] uvI Flow rate Treated | Holding time
[%] [mW/m?2] [m3/h] (day)
F-1 Inlet 56 8.3 8.0 7.5 45 0.37 362-366 304 5
F-3 Inlet 61 6.4 8.2 13 45 0.35 303-308 306 5
F-4 Inlet 61 6.7 9.5 13 42 0.36 260-262 303 5
F-5 Inlet 54 6.2 11 16 42 0.37 207-210 307 5
F-6 Inlet 54 6.2 11 16 42 0.37 211 304 5
B-9 Inlet 56 7.7 11 19 45 17 238-241 302 5
B-10 Inlet 58 8.0 10 18 44 18 272-273 308 5
B-11 Inlet 58 8.0 10 19 44 18 271-273 300 5
M-8 Inlet 39 9.3 11 19 46 33 236-238 308 5
M-9 Inlet 44 9.0 11 18 46 33 228-231 307 5
M-10 Inlet 44 9.0 11 19 46 33 229-231 303 5

1) MOVO TPEIC CUVEXOUEVEG EYKUPEG ENITUXEIG OOKIPEG MPAYHATOMNOINONKAV YIQ TO CUYKEKPINEVO PIATPO O aAaToTNTA
UQAAPUpou Kal Balacaivou vepoU agou €ixe 0pIoTel oav evAAAAKTIKO QIATpO.

Only three consecutive valid successful tests were performed for this filter in marine and brackish water salinity

as this was identified as an additional filter.

2 H nepatdTnTa Y.A. nou doKIYACTNKE €ival XaunAoTepn and Tnv anairoUpevn nepatoTnTa Y.A. 0nwc ENIKUPWONKE
oUp@wva Pe TNV napdypago 2.4.21 Tou napapTiuarog ato MEPC.279 (70).

The tested UVT is lower than the required UVT as validated in accordance with paragraph 2.4.21 of the annex in

MEPC.279(70).
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Mivakag 4
Table 4

Méool apiBuoi (Tpeig emavaAfuelc) {wvTavwyv opyaviouwy oTnv €icodo kal oTa eneEepyacpéva vepd andppiyng KaTa mn
didpkela Twv Xepoaiwv dokipgwv Alfa Laval AB, PureBallast 3.0 kata Tnv nepiodo AnpiAiou €wg Iouviou 2014 yia
UQAAUUPO Kal PPECKO VEPO Kal KaTa Tnv nepiodo IouAiou éwg AuyouaTou 2015 yia BaAacaivo vepd. O1 BImaiHol
opyaviopoi peyeboug =210 kai <50 pm peTprBnkav kata Tnv anoéppiyn Pe Tn dokIiun Tou nio nibavou apiBuou (MPN)
KaTa Tnv anoppiyn. Ta deiypaTta €106d0u yia Toug {wvTavoug opyaviopoUc TG TaEews Twv =10 kal <50 um
avaAlBnkav pe HETPNON O€ HIKPOOKOMIO PE Xxpwan CMFDA/FDA. 'OAeg o1 peTprioeig naBoyovwv Baktnpinv (E. coli,
enterococci kai Vibrio cholerae) oto enegepyacpévo vepd Bpédnkav kKatw and To anaiTtoUPeEVo Oplo anoppiwns EpUATOC.

Average numbers [three replicates] of live organisms in inlet and treated discharge water during land-based testing of
the Alfa Laval AB, PureBallast 3.1 during the period of April to June 2014 for brackish and fresh water and during the
period July to August 2015 for marine water. Viable organisms of size class 210 and <50 pm were quantified by a
most probable number assay (MPN) after discharge. Inlet samples were analysed for live organisms of size class 210
and <50 pm by microscopy counting after staining with CMFDA/FDA. All counts of pathogenic bacteria (E. coli,
Enterococci and Vibrio cholerae) in treated water were below the ballast water discharge standard.

KokAoG Opyavicpoi =50 Opyaviopoi =10 Opyaviopoi =50 um Opyaviopoi =10 kai <50 pym
Hm kal <50 pm [opyaviopoi/m?3] (opyaviopoi/ mL)
dokIpwV | [opyaviopoi/m3] (opyavicpoi/ Organisms =50 pm Organisms =10 and <50 pm
Test Organisms =50 mL) [organisms/m3] [organisms/mL]
cycle |_.|m Organisms =10
[organisms/m?3] and <50 pm
[organisms/mL]
Eng&epya-opévo ‘EAgyx0G-
Eicodo0g - anoppiyn anoppiyn
Inlet Ene§epya-opévo ‘EAEYXOG- Treated- Control
- andppiyn anoppiyn discharge dischargel)
CMFDA/ Treated- Control-
Eicodog FDA discharge discharge MPN MPN
Inlet CMFDA/ MPN MPN
FDA
F-1 279,837 5,732 2.0 99,349 0.19 1373
F-3 288,278 10,289 1.3 97,019 <0.18 1247
F-4 288,278 10,289 1.0 97,019 <0.18 1247
F-5 348,870 3,302 0.67 175,287 1.4 440
F-6 348,870 3,302 0.67 175,287 0.68 440
B-9 393,511 1,802 0.33 114,512 3.4 276
B-10 625,241 1,778 2.7 55,068 0.60 667
B-11 625,241 1,778 1.3 55,068 1.0 667
M-8 167,650 1,494 3.0 24,208 2.4 1600
M-9 237,994 2,642 2.3 79,520 3.5 1600
M-10 237,994 2,642 2.0 79,520 9.5 >1600

1) MNapdAo Nou Ta anoTEAECHATA TOU EAEYXOU KATA TAV anoppiwn napouacialovral povo pe Tn péBodo Tou MPN, Ta
deiyuaTa Tou EAEYXOU KATA TNV anoppiyn cuppopp®vovTav eniong (> 100 organisms/mL) pe NETPNON O HIKPOOKOMIO
pe xpwon CMFDA/FDA

While control discharge results are presented with MPN only, the control discharge samples were also compliant (>
100 organisms/mL) after enumeration with microscopy counting after staining with CMFDA/FDA.
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Mivakag 5
Table 5

Ap. MoTonoinTikoU:
Certificate No: TAP0O0O0023R

Huepounvia ékdoong:
Date of issue:

2020-05-19

Suvenkeg vepoU JOKIPAG KAl NApauUETPWV AEITOUpPYIAg yia TIG Xepoaiseg dokIPEG Tou Alfa Laval AB, PureBallast 3.2 pe
A.M.E. 300 m3/h pe peyebog AvTidpaoTiipa -Y.A 300 kal @iATpo Filtrex ACB 945-200 pe ouppdTivo nAgypa 20 ym oTo
DHI Maritime Technology Evaluation Facility Tng Hundested, Denmark katd Tnv nepiodo MapTiou £wg ZenTeuBpiou

2017.

Test water conditions and operational parameters in land-based testing of the Alfa Laval AB, PureBallast 3.2 with a
TRC of 300 m3/h including the UV reactor size 300 and Filtrex ACB 945-200 with a 20 pm mesh screen at the DHI
Maritime Technology Evaluation Facility in Hundested, Denmark, during the period of March to September 2017.

KuUkAog Ogpp. AAaToTnTa Y.A. - DOC POC TSS ‘Evraon Y.A. Méoog Xpovog
Soxipwvy) | [°C] [PSU] Mep. [mg/L] | [mg/L] | [mg/L] | [mW/m2] napoxr Karakparnong
Test Temp. [%]? | DOC POC TSS uvI [m3/h] (npépeg)
cycle?) [°cl Salinity UV-T | [mg/L] | [mg/L] | [mg/L] | [mW/m?] Average | Holding time
[PSU] [%] flow rate | (day]
[m3/h]

F-5 15 0.37 54 5.2 6.3 70 508-511 304 1

F-6 15 0.37 54 5.2 6.3 70 503-508 307 1

B-1 5.8 19 46 11 9.5 63 269-296 305 1

B-2 5.9 19 46 11 9.5 63 233-249 313 1

M-1 6.2 29 71 7.3 7.5 45 597-870 306 1

M-2 6.2 29 71 7.3 7.5 45 597-884 302 1

1) H nepatoTnTa Y.A. nou doKIYACTNKE gival XaunAoTepn and Tnv anairoUpevn nepatotnTa Y. A, Onwg enikupwOnKe

olPQWva Pe TNV napaypago 2.4.21 Tou napaptripaTog Tng G8.

The tested UVT is lower than the required UVT as validated in accordance with paragraph 2.4.21 of the annex G8.
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Mivakag 6
Table 6

Méool apiBuoi (Tpeig emavaAnuelg) {wvTavwyv opyaviouwyv oTnv €icodo, oTov €AEYX0, Kal 0Ta ene€epyacpeva vepd
anodppiyng kata Tn didpkela TwV Xepodiwv dokipwv Alfa Laval AB, PureBallast 3.2 kata Tnv nepiodo MapTiou €wg
SentepuBpiou 2017. O1 BiwaIPol opyaviopoi heyEBoug =10 kal <50 ym PeTPRONKav Kata Tnv anoppiyn He Tn doKIun
Tou nio mBavou apiBpou (MPN) kaTd Tnv andppiyn. Ta deiypata €106d0u yia Toug {wvTavoug opyaviopoug TnG TAaEEwg
TwV =10 kal <50 pm avaAulnkav Pe PETPNON O PIKPOOKOMIO PE Xpwan CMFDA/FDA. 'OAeG ol WETPAOEIC NaBoyovwy
BakTnpiwv (E. coli, enterococci kai Vibrio cholerae) oTo ene&epyaocpevo vepd Bpebnkav kATwW anod To anaiTouhevo Oplo
anoppIYng EpUaToc.

Average numbers [three replicates] of live organisms in inlet, treated and control discharge water during land-based
testing of the Alfa Laval AB, PureBallast 3.2 during the period of March to September 2017. Viable organisms of size
class =10 and <50 um were quantified by a most probable number assay (MPN) after discharge. Inlet samples were
analysed for live organisms of size class =10 and <50 r» m by microscopy counting after staining with CMFDA/FDA. All
counts of pathogenic bacteria [E. coli, enterococci and Vibrio cholerae] in the test cycles were below the ballast water
discharge standard.

KOKAOG Opyavicpoi =50 | Opyaviopoi =210 | Opyaviopoi =50 pm Opyavicpoi =10 ka1 <50 pm
. HmM Kal <50 pm [opyaviopoi/m3] (opyaviopoi/ mL)
SoKIp@V A /o] . . .
[opyaviopoi/m3] | (opyaviopoi/ Organisms =50 pym Organisms =10 and <50 pm
Test Organisms =50 mL) [organisms/m?3] [organisms/mL]
cycle 1]y Organisms =10
[organisms/m3] | and <50 pm
[organisms/mL]
Eng&epya- 'EAeyxoG- | Engtepyacpévo | 'EAcyxoG-
Eicod0¢ OuEvo - andéppiyn - andéppiyn andéppiyn
Inlet anoppiyn Control- Treated- Control
Treated- discharge discharge discharge?)
Eicod0G oTOo CMFDA/ discharge MPN MPN
2.A.0.E. FDA MPN MPN
Inlet to BWMS CMFDA/
FDA
F-5 840,561 1,147 5.2 261,717 <0.18 >1,600
F-6 715,203 1,102 3.0 261,717 0.47 >1,600
B-1 219,283 2,983 1.0 132,471 <0.18 303
B-2 190,272 2,738 6.7 132,471 <0.18 303
M-1 153,236 3,196 0 80,179 0.48 377
M-2 137,125 3,321 0 80,179 0.30 377

1) MNapdAo Nou Ta anoTEAECUATA TOU €AEYXOU KATA TNV anoppiyn napouacialovral povo pe Tn péBodo Tou MPN, Ta
deiypaTta Tou eAEyXOU KATA TNV anoppiyn cuppope®vovTav eniong (> 100 organisms/mL) We PETPNON OE HIKPOOKOMIO
He xpwaon CMFDA/FDA

While control discharge results are presented with MPN only, the control discharge samples were also compliant (>
100 organisms/mL) after enumeration with microscopy counting after staining with CMFDA/FDA.
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AokiIpég o€ nAoio
Shipboard testing

Mivakag 7
Table 7

SUVBAKeG vepoU SOKIUNG, dedOUEVWVY AEITOUPYIAG KAl HETPROEIG MUKVOTNTAG OPYavIoU®V Yia doKIJEG o nAoio Tou Alfa
Laval AB, PureBallast 3.0 kavovTag xpron Tou @iATpou Hydac RF-10 pe ouppdTivo nAéypa 50 ym kaTd Tnv nepiodo
AekepBpiou 2012 £wg OkTwRpiou 2014. O1 BiwalKol opyaviouoi peyéboug =10 kal <50 pm kaTa Tnv anoéppiyn
METPABNKaV We Tn doKIun Tou nio niBavou apibuou (MPN) kai ol {wvTavoi opyaviouoi oTnv €icodo Kal aTnv anoppiyn
METPNBNKAaV Og HiIkpookonio pe xpwan CMFDA/FDA. 'OAeg ol peTpnoeig naBoyovwy Baktnpiwv (E. coli, enterococci kal
Vibrio cholerae) oTouc KUKAOUG doKIJ®V BpeBnkav KATW anod To andiToUPevVo 0pIo andppiyng EpHATog.

Test water conditions, operational data, and organism density counts in shipboard testing of the Alfa Laval AB,
PureBallast 3.0 using Hydac RF-10 filter with a 50 pum mesh screen during the period from December 2012 to October
2014. Viable organisms of size class 210 and <50 pm in the discharge were quantified by the both most probable
number assay [MPN] and live organisms in the inlet and discharge were quantified by microscopy counting after
staining with CMFDA/FDA. All counts of pathogenic bacteria [E. coli, enterococci and Vibrio cholerae] in the test cycles
were below the ballast water discharge standard.

KuUkAog Méon napoxn Y.A. - ‘Evracn Opyaviopoi =50 um Opyaviopoi =10 kal <50 um ava mL;
SOKIH®OV Kata Tn didapkeia | Mep. Y.A. ava m3 Avadnpioupyia UKWV + KIVOUHEVOI
Test cycle | TngG diadikaciag | UVT [W/m2] | Organisms =50 pm opyavicpoi ané Tn xpaon CMFDA/FDA
EPHATIOHOU UVv-1 per m3 Organisms =10 and <50 pm per mL;
[m3/h] [W/m2] Algal re-growth + CMFDA/FDA-stained
Average flow motile organisms
rate during Eicodog Anoppiyn Eicod0g Anoppiyn Anoppiyn
ballast s Inlet Discharge | CMFDA/ CMFDA/ MPN
operation[m3/h] FDA FDA Discharge
Inlet Discharge MPN
CMFDA/ CMFDA/
FDA FDA
1,815-
No. 1 356 96 1,820 6,429 1.5 70 0.53 <0.18
1,710-
No. 2 889 96 1,805 8,490 0 1,102 2.8 0.27
1,280-
No. 3 950 96 2,100 2,100 0 787 0.75 <0.18
No. 4 950 90 L1751 53603 1.9 103 0.67 <0.18
’ 1,403 ! ’ ’ )
497-
No. 6 998 60 563 7,537 7.0 175 6.4 <0.18
1,168-
No. 9 893 99 1187 20,272 4.6 128 0.17 <0.18
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4. ZxeTika ‘Eyypaga MoTtonoinong / Approval Documentation:

Mepiypa@ika £yypaga Tou CUCTHHATOG

System descriptive documentation
e AW14-048 Verification of scaled unit PureBallast 3 Version 11
¢ AWDOC-1-646 Flow distribution calculation parallel configured reactors, Version 1.0
e ADSQAP-1-41 Software Quality Assurance Plan, Version 1.2

KaTaAoyocg eyypa®wV, CUUNEPIAAUBAVOUEVWV AENTOPEPWV OXEDIWV:
Document lists, including detailed drawings:
¢ AWDOC-1-464. Document list for Type Approval PureBallast 3.2 Version 4.0
e AWDOC-1-688. Document list for Type Approval PureBallast 3.2Ex Version 3.0

Eyxelpidia ouoTANaAToG:
System manuals:
e System Manual PureBallast 3.2- Book no. 200000920-2-EN-GB
e System Manual PureBallast 3.2 Ex - Book no. 200000921-2-EN-GB
e System Manual PureBallast 3.2 Compact - Book no. 200000922-1-EN-GB
e System Manual, PureBallast 3.2 - Compact Flex- 200000887-1-EN-GB

Commissioning procedures:
Aladikaoieg evapgng Asiroupyiag:
o Commissioning test form, PureBallast Ballast Water Treatment System, Valid for PureBallast 3.2
and 3.2 Ex dated 2020-02-28
+ Commissioning test form, PureBallast Ballast Water Treatment System, Valid for PureBallast 3.2
-Compact and Compact Flex dated 2020-02-28
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5. EkKO£oeIg anoTeAsopaTtwyv dokipwv / Test reports:
EKOE£0EIC ANOTEAECHATWV BIOAOYIK®OV SOKIH®OV
Biological test reports

e DHI Denmark: Performance evaluation in land-based test facility, PureBallast 3.0, Advanced
oxidation technology with two mechanical filter options, Hydac AutoFilt®RF10 and Boll & Kirch
6.18.3, final report, December 2013

e DHI Denmark: Biological efficacy performance evaluation of Ballast Water Management System
in Shipboard test, Final Report V2, March 2015

e DHI Denmark: Performance evaluation in land-based test facility, PureBallast 3.0, UV treatment
with two mechanical filter options, Hydac AutoFilt®RF10 and Filtrex ACB, Final Report v 2, March
2016

e DHI Denmark: Performance evaluation of PureBallast 3.1 Ballast Water Management System in
land-based test, land-based test report, Final Report, February 2018

EKO£0EIC ANOTEAECHATWV NEPIBAAAOVTIK®OV SOKIH®OV
Environmental test reports

e Delta: EMC emission test of PureBallast 3.1, Report no: REC-E703866, July 2014

e Innventia: Control Cabinet, Mechanical test, Report no: 273 683 A, 30 May 2013

¢ Innventia: AOT Reactor, Mechanical test, Report no: 273 683 B, 21 August 2013

e Innventia: LDC, Mechanical test, Report no: 273 683 C, 4 June 2013

e Innventia: AOT Reactor, Control Cabinet and LDC, Climate testing, Report no: 273 705, 4 June
2013

e Innventia: LDC, Mechanical testing, Report no: 273 706 A, 28 May 2013

e Innventia: 273 706 B, LDC, Climate testing

e Applica: Technical Report, AlfaWall, EMC and Environmental testing of CC 3.1, Control Cabinet
for BWTS, Report no: 20462, Rev. 1

e Delta: EMC test of Pure Ballast 3.0, Report no: E703512

e Applica: EMC and Environmental testing of CC 3.1 Control Cabinet for BWTS, Report no: 20462,
March 2015

e Delta: Test for Marine Type Approval of PureBallast Electrical Cabinet, Project T209964 - Report
no: DANAK 1915317
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