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TYPE APPROVAL CERTIFICATE OF THE BALLAST WATER MANAGEMENT SYSTEM Date of issue:
2021-02-26

Ekd060nke Bacel Twv diaTa&ewv Tng AieBvolc ZupBaong yia Tov ‘EAeyxo Kal
Alaxeipion 'EppaTog kal InuaTtwy nou npogpyxovTal ano MNAoia (sPeEng «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’ €€oualodoTtnon Tng KuBépvnong Tng
under the authority of

EAAHNIKHZ AHMOKPATIAz
THE HELLENIC REPUBLIC

Ano/by DNV GL

Me 1o napov mioronoigital / This is to certify:

'OTI TO ouoTnua diaxeipiong Balacoiou EpUATOG NOU KTIBETAI NAPAKATW £XEl EEETAOTEI KAl OOKIYACTEI
oUNQWVA HE TIC anaITAOEIS TwV npodiaypapwv nou nepiexovral oto Code for Approval of Ballast Water
Management Systems (resolution MEPC.300(72) . To mioTonoINTIKO €ival €yKUupo WOVo yia To cUoTna
dlaxeipiong Bahaocciou €pUATOC 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) 1. This certificate is valid only for the ballast water
management system referred to below.

SUoTtnua diaxeipiong Balacoiou £ppaTtog epodiacuévo ano Tnv: Optimarin AS
Ballast water management system supplied by: Optimarin AS

Ovopaocia cuoTripaTtog: Optimarin Ballast System (OBS), Optimarin Ballast System Ex (OBS Ex)
Name of the system: Optimarin Ballast System (OBS), Optimarin Ballast System Ex (OBS Ex)

EvowuatwvovTag Ta €ENG povTéAa: MovréAa OBS BWMS pe ovopacia: xxxx/yyyyBK3 kai
xxxx/yyyyFX2 6nou To: XxxX XapakTnpifel Ta napakdrw HovTéAa 6aAdpwv Y.A. Kal TO: yyyy Td
NAapakarm HovrTéAa QIATPWV E€iTE TNG OEIpdG PIATpwWV kKataokeudaopéva ano Tnv Boll & Kirch
(BK3) €iTe TnG os1pag PpiATpwv karackeuacpéva ano Tnv Filtrex (FX2).

MovTéAa OaAdapwv Y.A. :167, 334, 500, 667, 834, 1000, 1167, 1334, 1500, 1667, 1834, 2000,
2167, 2334, 2500, 2667, 2834 and 3000

MovTéAa @iATpwv BK3: 72, 94, 204, 378, 518, 614, 1274, 1384, 2040 and 3100

MovTéAa QiATpwv FX2: 87, 135, 190, 255, 340, 515, 770, 1040, 1500, 2100 and 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 AlaypageTal kata nepintwon / Delete as appropriate.
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Ap. MoTonoinTikoU:
Certificate No: TAPOOO02AS

Huepounvia €kdoong:
Date of issue: 2021-02-26

Ta povréAa OBS BWMS kataAAnAa yia eykataoraon Oe €NiKivVOUVEG NEPIOXEG opidovTal HE TNV
kataAn&n EX (n.x. xxxx/yyyyBK3EX) pue Asitoupyikf napoxn enegepyaaiag 72 — 3000 m3/h
Incorporating the following models: OBS BWMS model designation: xxxx/yyyyBK3 and
xxxx/yyyyFX2 where xxxx designates the below listed UV model and yyyy the below listed
filter model of either the filter series manufactured by Boll & Kirch (BK3) or the filter series
manufactured by Filtrex (FX2).

UV models: 167, 334, 500, 667, 834, 1000, 1167, 1334, 1500, 1667, 1834, 2000, 2167, 2334,
2500, 2667, 2834 and 3000

BK3 filter models: 72, 94, 204, 378, 518, 614, 1274, 1384, 2040 and 3100

FX2 filter models: 87, 135, 190, 255, 340, 515, 770, 1040, 1500, 2100 and 3000

A OBS BWMS model suitable for installation in hazardous area are designated with the suffix
EX (e.g. xxxx/yyyyBK3EX) with treated rated capacity 72 — 3000 m3/h

To ZUoTnua diaxeipiong Balacoiou EpPATOG KATAOKEUAOUEVO and Tnv: Optimarin AS
Ballast water management System is manufactured by: Optimarin AS

He oxédio eEonAiopou/ouvapuoAoynong apif.: BA. NMpoocapTnua 2
to equipment/assembly drawing No.: See Appendix 2

Noindg e€onAioudg kKaTaokeuaopévog ano: BA. MpoocapTnua 2
Other equipment manufactured by: See Appendix 2

ue oxedio eEonAlopoU/cuvapuoAoynong apib.: BA. MpoodpTnua 2
to equipment/assembly drawing No.: See Appendix 2

A&IToupyYIKN napoxn eneepyaociag: 72 — 3000 m3/h
Treatment rated capacity: 72 — 3000 m3/h

AvTiypa@o autou Tou MioTonoinTikoU ‘Eykpiong TUnou, Npénel va QEPETAl o KABE NA0IO Nou €xel
£YKATEOTNHEVO AUTO To cUoTnNa ense€epyaaniag Balaoaoiou €puaTog ava ndoa oTiyun. Mia avagopd ato
NPWTOKOAAO JOKIUAG KAl €va avTiypapo Twv anoTeAEoUATwV JOKIPNWV Npenel va sival diaBeoipa yia
€AEYX0 €ni TOu NAoiou.

>Tnv nepinTwon nou To MiotonoinTiko 'Eykpiong Tunou £kdideTal Baci{OPEVO O £yKpIian AAANG Apxng,
NpEnel va yiveral avagopa oTo oUYKeKpIPEVOo 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 nmigTonoinTiko £kdideTal e Baon To MioTonoinTikd ‘Eykpiong Tunou api8. TAPO0O00271EkD. - nou €xel
ekd00ei ano Tov DNV GL petd anod eEouaioddtnon Tng NopBnyikng NauTiAiakng ApXng.

The Certificate is issued based on the Type Approval Certificate No. TAP0000271 Rev. - issued by DNV
GL on behalf of the Norwegian Maritime Authority.

O1 neploploTIKEG NpolnoBEaelg nou TiBevTal neplypdgovTal oTto MposdpTnUa Tou NapovTog eyypdgou.
Limiting Conditions imposed are described in the appendix to this document.

AMNAol nepiopiopoi nou TiBevTal cupnepiAappavouy Ta €&ng: BA. MpoocapTnua 1
Other restrictions imposed include the following: See Appendix 1

AUTOG 0 eEonAIoPOC £xel oxediaaTei yia AsiToupyia oTig napakatw?: BA. NMpoocaprnua 1
This equipment has been designed for operation in the following conditions?: See Appendix 1

EiocdyeTal Toug oxediaoTIKoUg NepiopiopolG Tou ouoTipaTog / Insert System Design Limitations.
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Ap. MoTonoinTikoU:
Certificate No: TAPOOO02AS

Huepounvia €kdoong:
Date of issue: 2021-02-26

Ekd06Bnke oTo(v)/n(v) / Issued at Hevik Tnv/on 2021-02-26

MNna/For DNV GL
To napdv nioTonoIinTIKO 10XUEl £WG: Digitally Signed By: Sasle-Nilsen, Dag

This Certificate is valid until: 2025-10-22.

Location: DNV GL Hgvik, Norway

Dag Sale-Nilsen

Tonikd Mpageio DNV GL: Emke@aAng Tunparog/Head of Section

DNV GL local station: Approval Centre Norway

Mnxavikog 'Eykpiong / Approval Engineer: Tone
Knudsen Fiskeseth
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Ap. MoTonoinTikoU:
Certificate No: TAPOOO02AS

Huepounvia €kdoong:
Date of issue: 2021-02-26

MpooapTnua/Appendix
1. Nepiopiopoi cuoTnparog / System limitations:

AkoAouOia enegepyaociag
Treatment sequence

MpooAnwn £puaTtog: AINBnon kal anoAUpavon Ye unepimdn akTivoBoAia

e Andppiyn £ppatog: AnoAUpavon Pe unepiwdn akTivoBoAia

e Ballast water uptake: Filtration and UV treatment

Ballast water discharge: UV treatment

MapaueTpOol NOIOTNTAG VEPOU
Water quality parameters

©epuokpacia & AAATOTNTA
Temperature & Salinity
H Bepuokpaacia kal n aAatdTnTa Tou £pUaTog dev gival NEPIOPIOTIKEG OUVONKEC yia To oUoTnua diaxeipiong

BaAagooiou €puaroc.

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

AEITOUPYIKEG NAPAMETPOI
Operational parameters

Xpovoc KaTakpaTnaong

Holding time

To OBS BWMS éxel enidei&el anddoon oTo anaiToUevo 6plo andppiyng EpUATOC HE EAAXIOTO XPOVO
KaTakpaTnong HeTa&l npdoAnwnc kal andéppiyng 24 wpwv o Xepoaieg yia Tnv IMO kaTtaoTtaon. H
ene&epyaaia pe unepiwdn akTivoBoAia givar dueon kai dgv anaiTei XpOvo napapovng o€ deEaPevn €pUATog
yla va KATaoTHOEl TOUG OpYyavIoHoUG eE0UDETEPWHEVOUG. ZUVENWG, 0 XpOVOoG KaTtakpdTnong dsv BewpeiTal
nePIOPICTIKN NpoUndBeon yia To ouoTnua diaxeipiong Balacaoiou £€ppaTtog yia UQAAPUPO kal BaAdcaoio
VEPO.

The OBS BWMS has demonstrated performance to the discharge standard with a minimum holding time
between uptake and discharge of 24 hours in land-based testing for the IMO mode. 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.

Aogoloyia

Dosing

To ZuoTtnuaTtog Alaxeipiong @alacoiou ‘EppaTog €xel emdei&el anodoon aTo npdTUNo andppiyng 6Tav n
€vTaon Tng unepindoug akTivoBoAiag (‘Evraon Y.A.) kal n napoxn MeTpioUvTal NAvw ano TIG napakaTw
napapeTpouG.

The BWMS has demonstrated performance to the discharge standard when the UV intensity (UVI) and
flow rate is measured above the below parameters.
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Ap. MoTonoinTikoU:
Certificate No: TAPOOO02AS

Huepounvia €kdoong:
Date of issue: 2021-02-26

. \ KatwmTepo oplo
KatwTepo oplo ‘Evraonc Y.A. TG
Karaoracn ‘Evraong Y.A. oto 24% AR pOUC por'1£; (.I\ n.E.)
3 ] v 2 d1L.E.
Aerroupyiac A.N.E. [m3/h] nAnpoug pong [W/m?] [W/m?]
3 .
Operation mode TRC [m*/h] atuz‘;IO/Io:;efL::n;::w UVI lower limit
[:’N /m?] at full flow (TRC)
[W/m?]
IMO 167 ava 8aAapo / per 150 O 400 @
chamber

(1) H'Evraon Y.A. KGTw ano To XapunAOTEPO OpIo oUVENAYETal OTI To éppa dev €ival eneEepyacuévo cUUPWVA PE To NAPOV NIoTonoINTIkG. KaTtd Tn
OTOXEUON auToU Tou opiou 'Evraong Y.A. o€ Xepoaieg dOKIUEG, N WETpoUNEeVN WeTadoaon Y.A. nTav 45-46%. H dianepatoTnTa UnNePIdOUG
akTivoBoAiag evdéxeTal va diapEpel avaloya pe TIG NAPAPETPOUG NOIOTNTAG TOU vepoU, dnAadrn Ta cwuaTidia kai Tov SIaAUKEVO 0pyaviko
avepaka.

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 45-46%. UVT may vary depending on the water quality parameters, i.e. particles and dissolved
organic carbon

(2) 'OTav oToxeleTal autd To Opio 'Evraong Y.A. O Xepoaieg dOKIUEG, N HETPOUNEVN peTAdoon Y.A. NTav 54-56%.
When targeting this UVI limit in land-based testing, the measured UVT was 54-56%.

To cuoTnua nepiAappavel éAeyxo BeATIOTONOINONG I0XUOG oUMPwva Pe TNV evraon Y.A. H 1oxU¢ pnopei va
HeIwBel 0Tav n évraon unepiwdoug akTivoBoAiag peTpnBei navw and 800 W/m?2.

To ouoTnua d1aBETel kaTaoTaon Asitoupyiag USCG To onoio epappolsl uwnAoTepn doooAoyia unepindoug
akTIVOBOAIAGG og ocUYKPION KE aUuTr Nou nepIypdgeTal yia Tnv katdortaon IMO napandavw. Autd TO
NICTONOINTIKO £YKPIONG TUNOU €NOPEVWC £PpapuoleTal Kal TNV Kataotaon Asiroupyiag Tou USCG.

The system has also includes UV-lamp power optimization control based on measured UV-intensity.
Lamp power can be reduced when UVI measures above 800 W/m?2.

The system has a USCG mode of operation which applies a higher UV dose than the described IMO mode
above. This type approval therefore also applies to operation in USCG mode.

AsIToupyIKr) napoxn ensgepyaaciag
Treatment Rated Capacity

O1 AeiToupyikéc napoxeg enegepyaaoiag (A.MN.E.) Twv npoadiopiouévwv JovTeAwy OBS BWMS kaTd Tn
didpkela Tou epuaTiopol nepiopidovTal €ite and Tn A.M.E. Tou ouotnuaTog Y.A. ) Tng A.M.E. Tou
€MIAEYNEVOU HOVTEAOU QiATpou, dnoia and Ta duo sival xapnAoTepn. Kata tn di1dpKela Tou apepPaTiopou,
n A.M.E. nepiopileral povo and tn A.M.E. Tou cuoTiuatog Y.A..

To ouoTtnua Y.A. diagoppwveTal and diapopouc Baldpoug Y.A. eykaTeoTnUEVOUG napdAAnAa pe Ti¢ A.M.E.
ONwg avagepovTal napakatw. H A.M.E. Twv povTéAwv Twv @QiATpwyv, BK3 kal FX2 naparibevTal gToug
napakaTw nivakeg. H eAdyioTn napoxn oTnv onoia To kaBopiopevo povTeho OBS BWMS pnopei va
AEITOUPYNOEI €ival N EAAXIOTN NAPOXN TOU EMAEYHEVOU HOVTEAOU PiATpou + (10m3/h*apiBuog Twv
Baiapwv Y.A.).

To cuoTnua OBS BWMS gAéyxel TNV NApoxr oTn cwAnvwon Tou BaAacciou €puaTog XpnoiPonoimvTag eva
€NIOTOMIO EAEYXOU pONC Yia va diac@alioel 0TI n napoxn diarnpeiTal ota épia Tng A.M.E.
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Ap. MoTonoinTikoU:
Certificate No: TAPOOO02AS

Huepounvia €kdoong:

Date of issue:

2021-02-26

The Treatment Rated Capacities (TRC) of the designated OBS BWMS models during ballasting is limited
to either on the TRC of the UV system or the TRC of the selected filter model, whichever is lowest.

During deballasting, the TRC is limited to the TRC of the UV system only.

The UV system is formed by several UV chambers installed in parallel configuration using specific

manifolds with the TRCs as listed below. The TRC of the filter models, BK3 and FX2 are also listed in
tables below. The minimum flow rate at which designated OBS BWMS model can be operated is the
minimum flow rate of the selected filter model + (10m3/h*number of UV chambers).

The OBS 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.

MovTéAo ApI1OpOG A.N.E. MovTéAo Api1Opog A.N.E.
noAAanAng OaAapwv | [m3/h] noAAanAng 8aAdapwv [m3/h]

Y.A. Y.A.
Manifold model | Number TRC [m3/h] Manifold model | Number of | TRC [m3/h]

of UV uv

chambers chambers
Type 1, DN150 1 167 Type 2, DN200 2 334
Type 1, DN200 2 334 Type 2, DN250 3 500
Type 1, DN250 3 500 Type 2, DN300 4 667
Type 1, DN300 4 667 Type 2, DN300 5 834
Type 1, DN300 5 834 Type 2, DN350 6 1000
Type 1, DN350 6 1000 Type 2, DN40O 7 1167
Type 1, DN40O 7 1167 Type 2, DN40O 8 1334
Type 1, DN40O 8 1334 Type 2, DN40O 9 1500
Type 1, DN40O 9 1500 Type 2, DN500 10 1667
Type 1, DN500 10 1667 Type 2, DN500 11 1834
Type 1, DN500 11 1834 Type 2, DN500 12 2000
Type 1, DN500 12 2000 Type 2, DN500 13 2167
Type 1, DN500 13 2167 Type 2, DN500 14 2334
Type 1, DN500 14 2334 Type 2, DN500 15 2500
Type 1, DN500 15 2500 Type 2, DN500 16 2667

Type 2, DN600 17 2834
Type 2, DN600 18 3000
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Ap. MoTonoinTikoU:
Certificate No: TAPOOO02AS

Huepounvia €kdoong:

Date of issue: 2021-02-26
Filtrex Ovopacia EUpog Boll & Kirch Ovouaocia EUpog
ACB HovTEAouU napoxng 6.18.3/AquaBoll | yovTéAou napoxng
[m3/h] [m3/h]
Model Flow range Model Flow
designation | [m3/h] designation | range
[m3/h]
ACB-906-100 87FX2 15 -87 aquaBoll 273 72BK3 19-72
ACB-910-150 135FX2 25 -135 aquaBoll 324 94BK3 19-94
ACB-915-150 190FX2 35-190 aquaBoll 356 204BK3 24-204
ACB-935-200 255FX2 35 - 255 aquaBoll 419 378BK3 33-378
ACB-945-200 340FX2 45 - 340 aquaBoll 521 518BK3 33-518
ACB-955-250 515FX2 50 - 515 aquaBoll 600 614BK3 34-614
ACB-985-300 770FX2 65 -770 aquaBoll 750 1274BK3 50-1274
ACB-999-350 1040FX2 95 - 1040 aquaBoll 900 1384BK3 47-1384
ACB-9100-400 1500FX2 126 - 1500 aquaBoll 1000 2040BK3 47-2040
ACB-9120-500 2100FX2 126 - 2100 aquaBoll 1100 3100BK3 69-3100
ACB-9200-600 3000FX2 126 - 3000

Nico
Pressure

H eAaxioTn kal HEYIOTN nieon AEITOUpyiag TOU GUOTHATOG Kal n 31apopIKn MiEcn Nou EVEPYONOIEl TNV
avTioTpo®n NAUCN NapaTiBevTal NApaAKATw.

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

Tunog piATpou

Filter type

EAdaxioTn nison
€10030U
(unonigon)

Aiagopikn nieon nou
EVEPYONOIEi ThV
avTtioTpo®pn nAuon

Mé&yioTn nieon
AeiToupyiag

Maximum operating

Minimum inlet Differential pressure pressure
pressure triggering
(back-pressure) backflushing
Filtrex Type ACB, FX2 1.5 bar >0.3 bar 10 bar
aquaBoll 6.18.3, BK3 1.5 bar >0.38 bar 10 bar
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Ap. MoTonoinTikoU:

Certificate No: TAPO0O0O02AS

Huepounvia €kdoong:

Date of issue: 2021-02-26

2. AioTa niocTonoinHévwyv TUnmwv/List of certified types:

>x£d1a e€onAiopou /ouvappuoAoynong
Equipment / Assembly drawings

To OBS BWMS npénel va eykabioTaTtal oUPQwva Je Ta Napakdatw yypaga.
The OBS BWMS shall be installed in accordance with the documents listed below.

TOnog TiTAog Api1OuoG Ava®.
Zxediou
Type Title Dwg No. Rev.
Flow Diagram
> g o Ball Flow Diagram EX
iping an ptimarin Ballast - —
Flow D t
instrumentation Treatment System Flow _OW . lagram (stripping 300000 V) Rev 5/
, . with filter) 21.09.2020
diagram (P&ID) Diagram
Flow Diagram (stripping
without filter)
Wiring diagram with UV
POWER CABINET TYPE ETA
. - Wiring diagram with UV
Electrical wiring 1 o 'nal Wiring Diagram |POWER CABINET TYPE NED | 500000 2 Rev 4/
diagram 21.09.2020
MK3
Wiring diagram with UV
POWER CABINET TYPE UVA
Filter BK3 (10 sizes):
FILTER 72M3H DN80 PN10 TYPE BK MK3
to
FILTER 3100M3H 600A 10K TYPE BK MK3
General
arrangement Filters BK3 Ex (10 sizes):
(GA) drawings | FILTER 72M3H DN80 PN10 IIB EX TYPE BK MK3 Looxx 3| €€ BOM
to
FILTER 3100M3H 600A 10K IIB EX TYPE BK MK3
Filters FX2 (11 sizes):
FILTER 87M3H DN100 PN10 TYPE FX MK2
to
FILTER FILTER 3000M3H DN600 PN10 TYPE FX MK2
Manifolds system 1 (13 sizes):
MANIFOLD DN150 PN10 SYSTEM1-1
General to
arrangemgnt MANIFOLD DN500 PN10 SYSTEM1-15 1 3) See, BOM
(GA) drawings Manifolds system 2 (13 sizes) XXXXX
MANIFOLD DN200 PN10 SYSTEM2-2
to
MANIFOLD 600A 10K SYSTEM2-18
UV chambers
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Ap. MoTonoinTikoU:
Certificate No: TAPOOO02AS

Huepounvia €kdoong:
Date of issue: 2021-02-26

(8 variants):

UV CHAMBER DN150 4 SOCKETS to UV CHAMBER
DN150 4 SOCKETS WELDED EX MK2

Flow pressure valve (3 variants):

FLOW PRESSURE VALVE DN100 PN10 TYPE GA to
FLOW PRESSURE VALVE DN500 PN10 TYPE GA

FLOW PRESSURE VALVE DN100 PN10 TYPE GA EX to
FLOW PRESSURE VALVE DN500 PN10 TYPE GA EX

FLOW PRESSURE VALVE DN100 PN10 TYPE BER to
FLOW PRESSURE VALVE DN400 PN10 TYPE BER

FLOW PRESSURE VALVE DN150 PN10 WAF or LUG
TYPE ELT to FLOW PRESSURE VALVE DN600 PN10
WAF or LUG TYPE ELT

FLOW PRESSURE VALVE DN150 PN10 WAF or LUG
TYPE ELT EX to FLOW PRESSURE VALVE DN500 PN10
WAF or LUG TYPE ELT EX

Bill of materials Rev 1/
(BoM) OBS complete BOM, revl - 14.10.2020
Opgration, Operation, maintenance Template OMS for BK3
maintenance and safety manual for Rev 6/
. - 4)

and safety manual | Optimarin Ballast Template OMS for BK3 EX 14.10.2020
(OMSM) System T

Template OMS for FX2

1)AuTd €ival €&va npoTuno apiBpoV oxXediwv. SUYKEKPIPEVA dIaypdupuaTa OWANVOOEWY KAl 0pyavwy yia kabe épyo Ba npénel va apibpouvTal wg
3xxxxx. KaBe £yypapo nou apopd 0€ CUYKEKPIPNEVO £pyo Ba MpEnel va avapEéPeTal oTo NpoTuUNo apiBuol oxediou 6NwG napaTiberal gTov
avWTEPW Nivaka.
This is a template dwg no. Project specific P&ID will be numbered 3xxxxx. Each project specific document shall reference back to the template
dwg no and rev as listed in this table.

2) AuTO €ival éva npdTuno apiBpwyv oxediwv. SUYKEKPIPEVA diaypanpaTa KAAwdIWoEwY Yyia Kabe €pyo Ba npenel va apiBpuolvTal wg 5xxxxx. O
apIBuoC TWV Epapinyv o KABE €pyo PNopei va diapEpel anod To NpoTuno. Kabe £yypa®o nou apopd O CUYKEKPIKMEVO Epyo Ba npEnel va
avagépeTtal aTo NpoTuno aplBuol oxediou ONWG NApaTIBETAl OTOV AVWTEPW Nivaka.

This is a template dwg no. Project specific electrical wiring will be numbered 5xxxxx. Number of cabinets in project specific may vary from
template. Each project specific document shall reference back to the template dwg no and rev as listed in this table.

3) 'OAa Ta ox€dia yevik®Vv diaTagewyv €xouv pia povadikr akohouBia apiBuwv (1xxxxx) mou avanapayeral autoparta and To cuoTtnua PDM Tng
Optimarin.
All GA drawings have a unique sequence number (1xxxxx) automatically generated by the Optimarin PDM system.

4) 'OAa Ta eyxelpidia yia kabe €pyo Ba kaTaTtadooovTal Pe €va povadiko apiBpd €pyou (3XXXX-XX-XX-XX) MOU avanapdyeral autopaTa anod To
ouoTtnua ERP. H avaBewpnon eyxeipidinv 8a Eekivasl and Tnv avabewpnon 1 kal kabe yxeipidio Ba npEnel va ava@EpPeTal gTo NpoTuno apibuol
oxediou Onwg naparibeTal oTov avwTEPW nivaka.

All project specific manuals will be indexed with a unique project number (3xxxx-xx-xx-xx) automatically generated by the ERP system.
Revision of project specific manuals will start at rev. 1, and each manual will reference back to the template revision as listed in this table.
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AoInoG eE0NAICHOG KATAOKEUAOHEVOG Ano
Other equipment manufactured by
To OBS BWMS xpnaigonoisi éva ano Ta akdAouba @piATpa autokabapiopou:
e TN ogIpd QiATpwV 6.18.3 aquaBoll pe nAéyua 25 pm kataokeuaopévo and Tnv Boll & Kirch (BK3)
e TN ogipd QiATpwV ACB pe nAéyua 20 pm kataokeuaopévo anod Tnv Filtrex (FX2)

The OBS BWMS applies applies one of the following selfcleaning screenfilters:

e 6.18.3 aquaBoll filter series with 25 pm mesh manufactured by Boll & Kirch (BK3)
e ACB filter series with 20 pm mesh manufactured by Filtrex (FX2)

ESonAIopOG eAEyXoU Kal napakoAoUuOnong
Control and monitoring equipment

'Ekd00n AOYIOUIKOU
Software version

To OBS BWMS e€ival eyKeKpIPEVO HE AUTH TNV €KO00N AOYIOHIKOU EAEYXOU OUOTAKATOG: 2.0X

OnoiadnnoTe aAAayn oTo AoyIOHIKO NpENEl va kKaTtaypa@eTal kad’éAn Tn didpkeia nou To cUCTNHA
XPNOILONOIEiTAl 0TO NAOIO. SNUAVTIKEG aAAAYEG OTO AOYIOMIKO, nou opifovTal oTo AioTta EAéyxou OM-C-59,
anaiTouv €ykpion. Mnopei va anaiteital doKIur TwV AEITOUPYINV EPApUOYNG evOg avabewpnuévou
AoyIouIKOU.

The OBS BWMS is type approved with system control software version: 2.0x

Any change to the software is to be recorded as long as the system is in use on board. Major changes in
the software, as defined in the Optimarin checklist, OM-C-59, require approval. Testing of the application
functions of a revised software may be required.

METpa aopaleiag
Safety measures

To OBS BWMS eival eykekpigévo Pe Ta akdAouBa opyava yia Tnv napakoAoudnon Tng acpaioug
AeiToupyiag Tou 2.A.0.E. kal yia Tnv evepyonoinan, 6nwg €ival anapaitnTo, evoG auTOPATOU TEPUATIOUOU
AeiToupyiag Tou 2.A.0.E.:

e Al0BnTRpag Beppokpaaiag (TTxX) EyKATEOTNHEVOG 0 kKABe BAAapo Y.A.

e AlakonTng Beppokpaaiag (TSxx) eykaTeoTNUEVOG O€ KABe BAAapo Y.A. kai S1appubUIoUEVOG HE
AeiToupyia acpaleiag aveEapTnTn and Tov €Aeyxo Tou =.A.0.E.

e 01 aioBnmipeg nieong (PTO1) TonoBeToUvTal HETA TO PIATPO

e MeTpnTng pong (FMO1) TonoBeToUvTal HETA TO QIATPO

The OBS 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 (TTxx) installed in each UV chamber
e Temperature switch (TSxx) installed in each UV chamber and arranged with safety function
independent of BWMS control
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e Pressure sensors (PTO1) installed after the filter
e Flow meter (FM01) installed after the filter

HAekTpIKG Kal nAekTpovikd eEapTAuara
Electrical and electronic components

To OBS BWMS eival eyYKEKPIPEVO HE TA NAEKTPIKA KAl NAEKTPOVIKA €EapTraTa (CUKNEPIAAUBAVOUEVWV
TWV NpoavapepBEVTWV opydavwy yia TV napakoAolBnon Tng acpalouc AsiTtoupyiag Tou =.A.0.E.) nou
unodeikvuovTal oTo P&ID kal 6nwg kabopifovTal aTig AioTeg Twv UAIKwV. EKTOG and Ta aToixeia nou
anapiBuolvTal oToV NApAKATw Nivakd, pnopolV va XpnaoidonoloUvTal evaAAaKTIKA HOVTEAA UNoO Tov Opo
OTI Ol MANPOPOPIEC OXETIKA UE TA ENIAEYHEVA KATAOKEUAOTIKA OTOIXEIA anoTEAOUV HEPOG TWV EYYPAPWV
nou oxeTiovTal Je T OUYKEKPIMEVN EyKATAOTACN, NAPEXOVTAG EITE avaPopa O€ £YKUPO MICTOMOINTIKO
£€yKkpiong TUNou &iTe o€ TeEXVIKO PAKeAO Nou anodeikvUEl OTI TO ENIAEYUEVO €EApTNHA UNOBARBNKE o<
nepIBaAAoVTIKEG dOKIPEG oUNpwva Pe To IACS UR E10.

The OBS 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&ID and as specified in
the BOM. Except for the components listed in 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.
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MNa Ta akdAouBa NAeKTpIKA Kal NAEKTPOVIKA €€apTnuara, XpnoihonoloUvTal Ta YovTEAa nou kaBopilovTal
oToV NapakdTw nivaka:

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

Api1Op. MNepiypapn Eidog KaTraokeuaoTng
ETIKETAG
Tag ID Description Item Manufacturer
+CP CONTROL PANEL MK3 150876 Optimarin AS
+SCP SUB-CONTROL PANEL MK3 152052 Optimarin AS
+FC FILTER CONTROL MK3 150737 Optimarin AS
FILTER CONTROL EX MK3 151199 Optimarin AS
FILTER CONTROL EX MK3 MTL 152706 Optimarin AS
+SBx SENSOR BOX OVA MK3 151128 Optimarin AS
SENSOR BOX 250VA MK3 151114 Optimarin AS
SENSOR BOX 700VA MK3 151058 Optimarin AS
SENSOR BOX MK3 151135 Optimarin AS
SENSOR BOX OVA EX MK3 151215 Optimarin AS
SENSOR BOX 250VA EX MK3 151231 Optimarin AS
SENSOR BOX 700VA EX MK3 151763 Optimarin AS
SENSOR BOX EX MK3 151207 Optimarin AS
SENSOR BOX OVA EX MK3 MTL 152695 Optimarin AS
SENSOR BOX 250VA EX MK3 MTL 152700 Optimarin AS
SENSOR BOX 700VA EX MK3 MTL 152702 Optimarin AS
SENSOR BOX EX MK3 MTL 152704 Optimarin AS
+EXIP EX INTERFACE PANEL MK3 151142 Optimarin AS
+IP INTERLOCK PANEL MK3 151859 Optimarin AS
+FWP FRESH WATER PANEL MK3 151779 Optimarin AS
+ACP ACTUATOR CONTROL PANEL 700VA MK3 151822 Optimarin AS
ACTUATOR CONTROL PANEL 1600VA MK3 151813 Optimarin AS
ACTUATOR CONTROL PANEL 3600VA MK3 151804 Optimarin AS
+PDP POWER DISTRIBUTION PANEL SMALL MK3 152053 Optimarin AS
+GPS GPS JUNCTION BOX MK3 152057 Optimarin AS
GPS JUNCTION BOX 230VAC MK3 152058 Optimarin AS
+UVPxx UV POWER CABINET TYPE NED MK3 145923 Nedap N.V.
UV POWER CABINET TYPE ETA 145128 Eta plus electronic GmbH
UV POWER CABINET TYPE UVA 150431 Uvantech AS
+TBxx TERMINAL BOX MK3 148644 Optimarin AS
TERMINAL BOX MK2 TYPE TRA 148540 R. Stahl Tranberg AS
TERMINAL BOX MK2 EX TYPE TRA 145956 R. Stahl Tranberg AS
+EXJIBxx | JUNCTION BOX EX TYPE TRA 148640 R. Stahl Tranberg AS
JUNCTION BOX EX TYPE BAR 145466 Bartec Technor AS
UVxx UV SENSOR 2300W_m2 TYPE ILM 117079 IL Metronic Sensortechnik GmbH
UV SENSOR 2300W_m2 EX2C EX TYPE ILM | 149352 IL Metronic Sensortechnik GmbH
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Enmikivduvn nepioxn / AVTIEKPNKTIKOU TUNou
Hazardous area / Ex-proof

To OBS Ex BWMS éxel aloAoynBei kal €xel dianmioTwOei 0TI CUPPOPPWVETAl e Toug Kavoveg DNV GL Pt.4
Ch.8 Sec.11 yia eykaTaoTAaoeIg eNIKivOUVWY NEPIOX®V. To QIATPO, o1 avTIdpacThnpPeG UNEPI®IOUG
akTivoBoAiag, Ta emigTdpia, n avTAia avTioTpopng NAUGNG, KAl ol HETPNTEG PONG €xouv MmigTonoinon Ex kai
gnopouv va gykataotadolv os {wvn enikivduvoTnTag 1, opdda agpiwv IIB kal Bepuokpaaia kAaong T4. Ta
eppdpia Ba npénel va eykabioTavral ge ao@ain nepioxn.

H nioTonoinon Ex dsv kaAUNTETAl ano To napov nioronoinTikd. H eykatdoTacon o< Pia enikivduvn nepioxn
npénel va eykpiBei og kABe nepinTwaon cUPPwva We Toug Kavoveg kai Tnv Miotonoinan / EidIkn ZuvOnkn
yia Ao@ahn Xprion nou napatiBevTal o€ €ykKupo AVTIEKPNKTIKO MigTonoinTiko / Avayvwpliouévo Opyaviouo
MoTonoinong.

The OBS Ex 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 chambers, valves, backflush pump, and
flowmeters have Ex-certification and can be installed in hazardous area zone 1, gas group IIB and
temperature class T4. 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 dokigwV / Test results:

O1 xepoaieg kal ol SoKIPEG O€ NAoio NpayuaTonoinénkav pe To OBS BWMS cupnepiAauBavopévou evog
PiATpou auTokaBbapiopou Boll&Kirch 6.18.2 pe nAéypa 40um oUu@wva WE TIG anaiTnaoeig Tou IMO.
MpaypaTtonoinenkav eninpocBEeTEC XepOaieg OOKIKEG Yia TNV €ykpion TUNoU, cudnepIAdPBavouévmy dUo
VEWV QIATpWV: €vOg QiATpou Filtrex ACB pe nAéypa 20 pm (FX2) kal evog aquaBoll 6.18.3 pe nAéypa 25
um (BK3). H xprion nAéypaTtog giATpou 40um BewpeiTal OUVTNPNTIKN O GUYKpPIoN KE Ta dUo vEa QIATpa
Kal, ENOPEVWC, TA ANOTEAECHATA SOKINWY €XOUV CUMNEPIANPBEI 0To Napdv napdpTnua, KabioTwvTag Tn
Baon yia TNV £€ykpion TUNou Tou Optimarin OBS €iTe pe To FX2 1 To BK3.

Land-based and shipboard testing were carried out with the OBS BWMS including a Boll&Kirch 6.18.2
self-cleaning filter with 40 ym mesh candles as per IMO requirements. Additional land-based testing for
the type approval has been carried out with the OBS BWMS including two new filters; a Filtrex ACB filter
with a 20 um mesh screen (FX2) and aquaBoll 6.18.3 with 25 ym mesh (BK3). The 40 um mesh filter is
considered conservative compared with the new filters and therefore the test results are included in this
annex, forming the basis for type approval of the Optimarin OBS with either FX2 or BK3.

Xepoaieg SOKIPEG
Land-based testing

Mivakag 1 Aokiyég udaTwy Kal eNiXElpnolakd dedopéva nou eEAAPBNoav KaTta Tn dIAGPKEIA XEPOAiwV SOKIPMY TOU
Optimarin OBS BWMS (A.M.E. Twv 334 m3/h) pe To ¢iATpo Boll & Kirch 6.18.2 (BK, pe nAéypa 40um) kai dUo Balapwv
Y.A. oTi¢ eykaTaoTdoeig dokidwv NIVA ato Drgbak Tng NopBnyiag kata Tnv nepiodo Tou Maiou 2015 £€wg Iouviou 2016.

Table 1 Test water conditions and operational parameters in land-based testing of the Optimarin OBS BWMS (TRC of
334 m3/h) with a Boll & Kirch 6.18.2 filter (BK, 40 um screen) and two UV chambers at the NIVA Test Facility in
Drgbak, Norway, during the period of May 2015 to June 2016.

KUkAog @cppokpacia |[AAatétnTa |Y.A.- | DOC POC TSS V) Xpévog EUpog Méon napoxn
SoKIHQOV/ Nepou [PSU] Nep. [[mg/L] |[[mg/L] |[mg/L] |kaTakparnong é€vraong HETa TO
AAaTéTnTa [°C] [%] [opec] Y.A. oTovV | @QIATpapiopa

EPHATIOHO [m3/h]
[W/m?]
Test cycle/ Water Salinity |UVT |poc |POC |[TSS® | Holdingtime [UVIrange |Average flow
salinity temperature [PSU] (%] IImg/L] |Img/L] |[mg/L] [hr] at rate after
[°C] ballasting filtration
[w/m?] [m3/h]
1 FW 10.2 0 61 5.4 5.8 36.6 69 381-400 333
3 FW 10.7 0 65.2 6.3 7.3 44.3 120 319-327 331
4 FW 11.6 0 65.9 6.4 5.8 35.5 119 290-294 333
6 FW 11.8 0 61.8 6.9 5.1 30.5 117 289-290 334
7 FW 13.8 0 67 6.9 4.9 28.3 118 263-264 337
8 FW 14.1 0 69.1 7.7 5.5 27.8 67 405-408 336
1141-
15 FW 13.8 0 90 6.8 7.8 36.3 74 1206 328
16 FW 14.5 0 75.5 7.3 5.4 34.0 120 714-749 333
17 FW 16.0 0 73.5 7.2 6.9 33.9 120 641-674 332
10 BW 5.8 19.0 81.1 |13.4 6.8 34.9 75 11111555_ 333
11 BW 7.1 19.3 77.1 8.1 4.8 31.1 75 932-971 332
12 BW 8.5 19.1 73.9 8.0 6.3 30.4 124 646-712 333
13 BW 7.5 19.1 71.4 7.7 6.3 33.2 124 713-637 333
14 BW 8.9 18.7 76.9 7.5 6.2 33.0 127 1139593_ 333
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KUkAog @epupokpacia [AAatétnTa |Y.A.- | DOC POC TSsS 1 Xpovog EUpog Méon napoxn
SoKIHAV/ Nepou [PSU] Nep. [[mg/L] [[mg/L] |[mg/L] |katakparnong évraong HETa TO
AAaTtéTnTa [°C] [%] [opec] Y.A. oTov | @QIATpapicpa
EPHATIOHO [m3/h]
[W/m?]
Test cycle/ Water Salinity |UVT | poc |POC |TSS!Y | Holdingtime [UVIrange |Average flow
salinity temperature [PSU] (%] |[mg/L] |Img/L] |[mg/L] [hr] at rate after
[°C] ballasting filtration
(wW/m?] [m?/h]
1 MW 14.3 31.3 69.5 6.3 5.7 29.5 70 718-738 334
2 MW 14.9 28.4 67.2 6.9 4.9 26.0 64 420-436 334
3 MW 13.0 28.5 63.7 6.7 4.4 28.6 117 362-375 338
4 MW 10.3 29.3 62.9 6.7 5.6 31.3 117 385-392 335
5 MW 12.2 27.6 65 5.9 4.9 27.0 119 434-446 333
6 MW 10.4 29.4 66.8 5.2 5.3 27.3 120 465-477 333
7 MW 9.8 28.1 70.6 6.0 4.9 26.0 117 617-631 333
8 MW 9.0 27.6 73.9 6.6 4.2 26.0 120 717-741 333
9 |mw 8.2 282 [835 |67 |47 |27.0 120 e 333

1)  MoAU xaunAég TipéG TSS oTo Napayopevo vepd SOKIPWYV Yia OAOUG TOUG KUKAOUG JOKIMQV OE PPECKO Kal UPAAPUPO vePO. O JOKIMEG
€NopéVwG BewpnBnkav Un €YKUPEG, onoTe Kal enavaAndednkav pe Ta avapadbuiopéva @iATpa Boll & Kirch, TUnou 6.18.3 kal aquaBoll pe
nAg€ypa 25um (BK3). MapoAo nou ol kKUKAoI dokipgwv og BaAacaivo vepd ival €ykupol KUKAOI SoKIPwY, npaypaTtonoinénkav duo eninpocBeTol
KUKAOI SOKIJ®WV XpnalpgonolmvTag To BK3 pe ouvtopdTtepo xpdvo kaTakpdtnong. BA. Mivaka 3.

Too low TSS in the prepared test water for all fresh and brackish water test cycles. The tests were therefore considered invalid, hence
repeated with the upgraded filter from Boll & Kirch, type 6.18.3 aquaBoll with 25 pm screen (BK3). Although the marine water test cycles
are valid test cycles, two additional marine water test cycles were performed using the BK3 with shorter hold time. See table 3.
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Mivakag 2 Méool apiBpoi {wvTavwv opyaviou®v o€ VEPO €100J0U Kal ENEEEPYATHUEVNG anoOPPIYNG KaTda Tn didpkela
Xepoainv dokip®v Tou Optimarin OBS BWMS pe 1o @iATpo BK1, ye nAéypa 40um. O1 {wvTavoi opyaviopoi =10 kal <50
MM noooTIkonoINBnkav Pe HETPNON HIKPOOKONiag HETA anod xpwon pe CMFDA/FDA. Ta enegepyaopéva deiypaTta kai o
£\EYX0C anoppIwng eniong nocoTikonolndnkav pe Tn HEBodo MPN+Motility yia opyaviopoUg oTig ogadeg peyeboug =10
Kal <50 ym. Ta anoTeAéopaTa xpnoigonolwvTag Tn pEBodo MPN+Motility fATav n Baon yia Tov npoadiopiopd piag
€MTUXOUC JOKIUNG. 'OAEC 01 NETPROEIC TwV NaBoyovwyv BakTnpiwv (E. coli, Enterococci and Vibrio cholerae) oe
eneEePYaAopEVO VEPO BpeBnkav KATW anod To 6plo andppiwng Balacaoiou €pUaAToc.

Table 2 Average numbers of live organisms in inlet and treated discharge water during land-based testing of the
Optimarin OBS BWMS with the filter BK1, 40 um screen. Live organisms =10 and <50 um were quantified by
microscopy counting after staining with CMFDA/FDA. Treated samples and control discharge were also quantified by
MPN+Motility for organisms in size group =10 and <50 pym. Results from using MPN+Motility was basis or determining
a successful test. All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio cholerae) in treated water were
below the ballast water discharge standard.

MukvoTNTA OPYAVICH®V OTO MukvOTNTA OPYAVICH®V OTO VEPO anoppiyng
VEPO €10030U
Organisms densities in discharge water
Organism densities in inlet
KUkAog water
dokipwv/ Opyaviouoi Opyavicpoi Opyaviopoi =50 ym Opyaviopoi =10-<50 ym
AAaToTnTa =50 pm =10-<50 pm [opyaviopoi /m3] [opyaviopoi/mL]
[opyaviopoi/m?3] (FDA/CMFDA)

Test [opyaviopol/mL] Organisms 250 pm Organisms =210-<50 pm
cycle/ Organisms =50 A [organism/m?3] [organisms/mL]
salinity pm >T69_a<"5':m?“ EncEepyacpévo |'EAeyxog [EneEepyacpivo | EAeyxog

[organism/m?] —(FDA/CMFD‘:) (MPN) (MPN)

[organisms/mL] Treated Control
Treated Control

(MPN) (MPN)

1 FW 129 427 1633 1.3 151 813 <0.06 2700
3 FW 166 940 3696 2.0 200 523 0.45 310
4 FW 155 992 3788 1.3 362 779 <0.06 330
6 FW 149 742 1729 1.3 355 650 0.27 790
7 FW 156 096 2471 2.0 354 263 <0.06 1100
8 FW 135 283 2420 0.5 260 075 0.78 350

15 FW 361 508 2004 0.3 371 437 <0.06 >2700
16 FW 362 175 2083 <0.3 272 674 0.2 930
17 FW 159 161 13917 <0.3 211 619 0.65 1300
10 BW 599 453 1813 <0.3 323 654 <0.06 15Y
11 BW 289 113 1525 0.3 472 900 <0.06 310
12 BW 598 422 2179 <0.3 243 529 <0.06 67%
13 BW 813 679 1458 <0.3 777 958 <0.06 430
14 BW 308 857 2871 <0.3 667 444 <0.06 350
1 MW 161 917 1946 1.2 61 846 <0.06 430
2 MW 141 267 5008 3.7 7 875 <0.06 230
3 MW 94 133 3879 0.6 66 007 0.45 290
4 MW 115 308 3429 1.7 74 619 <0.06 230
5 MW 138 740 2104 <0.3 57 707 <0.06 290
6 MW 232 633 2146 1.4 111 792 0.06 >230
7 MW 145 239 3413 <0.3 162 222 <0.06 330
8 MW 159 883 1158 <0.3 117 139 <0.06 570
9 MW 136 033 1158 <0.3 70 171 <0.06 990
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1)SZTov KUkAO dokIUnG ap. 10 kai 12, n anoikia NnAaykToU ATav Kupleupévn anod Thalassiosira nordenschioeldii. Ta €idn QuUKIOV dev
avanTuooovTal 0To JECO NMou Xpnailuonolsital atn uéBodo MPN. Ta anoTteAéopara Bswpndnkav pn €ykupa cUp@wva Pe Tn JéEBodo MPN,
aAAG €ykupa pe Ta anoteAéoparta Bacel TnG HeBodou FDA/CMFDA nou fATav <1 kar 1 opyaviouog/ml avtioToixa oTnv anoppiyn Kai
1788 kail 263 opyaviopoUg/ml avTioTolxa oTov €Aeyxo andppiyng.

In BW Test Cycle no 10 and 12, the plankton community was dominated by Thalassiosira nordenschioeldii. This algae species does
not grow in the medium used in MPN method. The test results are considered invalid based on MPN, but valid based on FDA/CMFDA

results which was <1 and 1 organism/ml respectively in the discharge and 1788 and 263 organism/ml respectively in the control
discharge.
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Mivakag 3 AokIPEG UDATWV Kal eNiXElpnolaka dedopéva nou eEAn@Onoav Kata Tn SIApKela eNNPOCHETWV XEPOAiWV
dokIwv Tou Optimarin OBS BWMS (A.M.E. Twv 334 m3/h) pe To ¢iATpo Boll & Kirch (BK3, pye nAgéypa 25um) kar dUo
Baldpwv Y.A. oTig eykaTtaoTaoceig dokipwv NIVA oto Drgbak Tng NopBnyiag kata Tnv nepiodo Tou OkTwRpiou 2019 €wg

Touviou 2020.

Table 3 Test water conditions and operational parameters in additional land-based testing of the Optimarin OBS
BWMS (TRC of 334 m3/h) with a Boll &Kirch filter (BK3, 25 pym screen) and two UV chambers at the NIVA Test Facility

in Drgbak, Norway, during the period of Oct 2019 to June 2020.

KUkAog @eppokpacia |AAarétnTa |Y.A.- | DOC POC TSS Xpovog EUpog Méon napoxn
dokipovy) Nepou [PSU] Nep. |[mg/L] |[mg/L] |[[mg/L] |katakpé@rnong £vraong HETA TO
[ec] [%] [6peg] Y.A. oTov @IATpapiopa
EPHATIOHO [m3/h]
uvT [W/m?]
[%]
Test cycle? Water Salinity DocC POC TSS | Holding time |UVIrange | Average flow
temperature [PSU] [mg/L] |[mg/L] [[mg/L] [hr] at rate after
[°C] ballasting filtration
[W/m?] [m3/h]
1/1B 10 0 47 10 5 53 22.0 188-207 180
3/5B 9 0 46 11 5 58 22.5 157-173 88
25/5B 10 0 51 8 8 63 24.0 189-236 120
29/2B 14 0 53 10 6 64 23.0 424-456 330
31/1B 17 0 50 8 7 63 22.5 236-258 168
32/3B 15 0 51 8 6 62 119.5 268-284 199
33/4B 16 0 52 8 7 62 119.0 276-293 207
4/10B 9 18 48 8 7 66 23.5 230-251 162
5/8B 10 19 49 8 6 62 118.5 247-271 177
6/9B 10 19 49 8 5 66 118.0 242-266 174
7/7B 10 18 54 11 6 61 23.0 396-432 322
9/6B 9 19 46 8 5 57 23.5 158-175 90
11/11B 6 31 56 8 6 65 22.5 444-500 332
13/12B 7 30 55 8 7 66 23.5 426-482 327

1) Auo ouvexeig eEMITUXNMEVEG EYKUPEG DOKIPEG Npayuaronoindnkav yia OAEG TIG aAaTOTNTEG OTNV KaTaoTaon Asiroupyiag Tou USCG. Movo Ta

anoTeAéopaTa TWV KUKAwV dOKIPWV Yia Thv kKataoraon Asiroupyiag IMO napaTtiBevral €dw.

Two consecutive valid successful tests were performed for all salinities in the USCG mode. Only results from test cycles in the IMO mode are

shown here.
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Mivakag 4 Méool apiBpoi {wvTavwv opyaviouwyv os VEPO 10000V Kal ENEEEPYATHEVNG ANOPPIYNG KATa Tn didpkela
€MNINPOCOETWV Xepaaiwv doKIpwyv Tou Optimarin OBS BWMS pe To @iATpo BK3, pe nAgypa 25um. O1 wvTavoi
opyaviopoi 210 kalr <50 ym noocoTikonoINBnkav Pe HETPNON HIKPOOKONiag HETA ano xpwon pe CMFDA/FDA. Ta
ene€epyacpéva deiypaTa Kal o EAeyXoC anopplyng eniong nocgoTikonoinénkav pe Tn pEBodo MPN+Motility kai
CMFDA/FDA yia opyaviopoug oTIg opdadeg peyeboug =10 kal <50 ym. Ta anoTeAéopaTa XpnoigonolwvTag Tn HEBodo
MPN+Motility ATav n Baon yia Tov npoadiopiond Piag eniTuXoug SoKIPAG. 'OAEG Ol HETPNOEIG TWV NadBoyovwy BakTnpinv
(E. coli, Enterococci and Vibrio cholerae) o eneEepyaouevo vepd Bpebnkav KATw anod To 6plo anoppiyng 6alacciou
£ppaToG. Aokiyeg otnv nepiodo OkTwRpiou 2019 £wg Iouviou 2020.

Table 4 Average numbers of live organisms in inlet and treated discharge water during additional land-based testing
of the Optimarin OBS BWMS with the filter BK3, 25 pm screen. Live organisms =10 and <50 pm were quantified by
microscopy counting after staining with CMFDA/FDA. Treated samples and control discharge were quantified by
MPN+Motility and CMFDA/FDA for organisms in size group =10 and <50 pm. Results from using MPN+Motility was
basis or determining a successful test. All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio cholerae) in
treated water were below the ballast water discharge standard. Testing during the period Oct 2019 to June 2020.

NMukvoTNTA OPYAVICH®V OTO MuKvVOTNTA OPYAVICH®MV OTO VEPO ANOPPIYnG
VEPO €10050U
Organisms densities in discharge water
Organism densities in inlet
. water
KuUkAog . T T .
. Opyavicpoi Opyavicpoi Opyavicpoi =50 pm Opyavicpoi =10-<50 pm
dokipwv/ PR .
AAGTE =50 pm =10-<50 pm [opyaviopoi /m?] [opyaviopoi/mL]
arornra [opyaviopoi/m3] | [opyaviouoi/mL]
Test le/ Organisms =50 pm Organisms =10-<50 pm
essalicnyi(t: e Organisms Organisms [organism/m3] [organisms/mL]
y 250 pm 210-<50 pm  [EnsZepyacpévo [EAcyxog [EneEepyacuévo [EAeyxog
[organism/m?3] [organisms/mL] (MPN) (MPN)
Treated Control
Treated Control
(MPN) (MPN)
3/5B FW 28,9541 3,067 <1 25 738 2.3 2 700
25/5B FW 156,513 2,139 <1 144 279 0.29 1 300
29/2B FW 149,895 2,506 3.2 134 937 <0.07 2 700
31/1B FW 671,824 3,959 <1 415 497 <0.07 2000
32/3B | FW 1,392,036 1,204 <1 Loo> <0.07 190
1 065
33/4B FW 1,298,360 1,100 0.3 633 <0.07 190
4/10B BW 184,954 7,300 3.0 222 117 0.49 1 600
5/8B BW 129,063 3,875 <1 96 654 <0.07 350
6/9B BW 130,363 4,158 <1 96 654 <0.07 350
7/7B BW 251,646 5,133 4.0 247 533 0.72 >2700
9/6B BW 1,107,967 1,050 <1 499 033 <0.07 1300
11/11B MW 140,388 1,800 0.7 192 250 <0.07 2 000
13/12B MW 276,000 1,367 1.3 276 621 0.14 >2 700

1)  Ta Tov KUKAO SoKIPAG ap. 3/5B ol HETPAOEIG 0pyaviopwv =50 oTnv €icodo ATav kaTw and Tov oToxo Twv 100.000 opyaviopwy / m?3,
€NOPEVWG N SOKIKA ENAVAANPBNKe WG KUKAOG dOKIUNG ap.25.
For Test Cycle no 3/5B the inlet counts of organisms =50 pm was below target of 100,000 org/m3, hence the test was repeated as Test

Cycle no 25.
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Mivakag 5 AokIPéEG udATWV Kal enixelpnolaka dedopéva nou eAn@Onoav kata Tn didpkeia eninpooBeTwV Xepoaiwv
dokInuwv Tou Optimarin OBS BWMS (A.M.E. Twv 334 m3/h) pe To @iATpo Filtrex (FX2, ye nAg&ypa 20pum) kar dUo
Baldpwv Y.A. oTig eykaTaoTaocelg dokipwv NIVA oto Drgbak Tng NopBnyiag kata tnv nepiodo Tou OkTwRpiou 2019 £wg
Touviou 2020.

Table 5 Test water conditions and operational parameters in additional land-based testing of the Optimarin OBS
BWMS (TRC of 334 m3/h) with a Filtrex (FX2, 20 pm screen) and two UV chambers at the NIVA Test Facility in Drgbak,
Norway, during the period of Oct 2019 to June 2020.

KUkAog @eppokpacia |AAarétnTa |Y.A.- | DOC POC TSS Xpovog Eupog évraong Méon
dokipovy) NepouU [PSU] Nep. |[mg/L] [[mg/L] |[mg/L] |karakparnong Y.A. oTov napoxn HeTa
[°C] [%] [wpec] EPHATIONO TO
[W/m2] QIATpapiopa
[m3/h]
UVI range at
Test cycle? Water Salinity uvTt DOC POC TSS Holding time ballasting Average
temperature | [PSU] [%]  |[mg/L] [[mg/L] |Img/L] [hr] [W/m=] flow rate
[°c] after
filtration
[m3/h]
28/2F |FW 13 0 53 11 6 66 23 419-448 330
30/1F [FW 16 0 49 6 62 22.5 232-253 164
36/2F |FW 20 0 60 7 8 58 23.5 472-501 332
8/4F |BW 10 18 53 10 6 62 23.5 395-428 323
10/3F |BW 9 19 46 9 5 55 23.5 154-173 85
12/5F MW 6 31 56 8 6 66 22.5 451-508 331
14/6F MW 7 29 55 8 7 64 23 436-493 330

1) Auo OUVEXEIC ENITUXNMEVEG EYKUPEG DOKIPEG NMpayuaTonoindnkav yia OAeg Tig aAaTOTNTEG 0TNV Kataoraon Asiroupyiag Tou IMO kai Tpeig
OUVEXEIG ENITUXNMEVEG EYKUPEG DOKIPEG MpaypaTonoindnkav yia 0Aeg TIG aAaTOTNTEG oTnV KataoTaon Asitoupyiag Tou USCG. Movo Ta
anoTeAéopaTa TwV KUKAWV JoKIP®V yia TNV katdoTtaon Aeitoupyiag IMO napatifevral ed®.

Two consecutive valid successful tests were performed for all salinities in the IMO mode and three consecutive valid successful tests were
performed for all salinities in the USCG mode. Only results from test cycles in the IMO mode are shown here.
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Mivakag 6 Méool apiBuoi {wvTavwv opyaviouwyv o€ VEPO 10000V Kal eNEEEPYATHEVNG andppIYnG KaTd Tn didpKela

€MNINPOCOETWV Xepadiwv doKIpwv Tou Optimarin OBS BWMS pe To @iATpo FX2, pue nAgypa 20um. O1 LwvTavoi

opyaviopoi 210 kal <50 ym nocoTikonoIRBnkav Pe HETPNON Hikpookoniag HeTd and xpwaon pe CMFDA/FDA. ‘OAeg ol
METPAOEIC TwV naboyovwy BakTnpiwv (E. coli, Enterococci and Vibrio cholerae) os eneEepyacpévo vepo BpeBnkav KATw
ano 1o 6plo andéppiyng Balacaiou EpuaToc.

Table 6 Average numbers of live organisms in inlet and treated discharge water during additional land-based testing
of the Optimarin OBS BWMS with the filter FX2, 20 ym screen. Live organisms =10 and <50 ym were quantified by

microscopy counting after staining with FDA/CMFDA. All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio
cholerae) in treated water were below the ballast water discharge standard.

MuKvOTNTA OPYAVIOH®V OTO VEPO MuKvVOTNTA OPYAVICH®MV OTO VEPO ANOPPIYnG
€10030U
Organisms densities in discharge water
Organism densities in inlet water
KokAo Opyaviopoi Opyaviopoi =10-<50 Opyaviopoi =50 ym Opyaviopoi =210-<50 ym
SoKI (b\?/ =50 ym Hm (FDA/CMFDA) [opyavigpoi /m3] [opyaviopoi/mL]
AAuTgT Ta [opyaviouoi/m?3] [opyaviopoi/mL]
n Organisms =50 pm
T I Organisms Organisms =10-<50 [organism/m3] Organisms =10-<50 ym
essatlicnyi: e/ =50 pm MM (FDA/CMFDA) [organisms/mL]

y [organism/m?] [organisms/mL] EncZepyacpévo [EAeyxog [Encfepyacuévo [EAeyxog

(MPN) (MPN)

Treated Control

Treated Control

(MPN) (MPN)

28/2F | FW 172 651 2478 3.1 134 937 160 Y >2 700

30/1F | FW 650 300 5283 <1 415 497 <0.07 2000

36/2F | FW 262 292 1413 1.3 439 850 <0.07 1600
8/4F BW 221 525 5 367 0.7 247 533 0.39 >2 700

10/3F | BW 1437 675 1042 0.3 499 033 0.39 1300

12/5F | MW 152 713 1 867 <1 192 250 <0.07 2000
14/6F | MW 230 646 1413 <1 276 621 <0.07 >2700

1) To deiypa HOAUVONKE Kal NEPAITEPW PETPROEIG HIKpOookoniou £deiav OTI To deiypa nepiéxel povo 5.4 opaviopoug/mL navw and =10 pm. O
KUKAOG JOKIUNG O€ KABE NepinTwaon enavaAnPdnke wg KUKAOG Sokiung 36/2F.

The sample was contaminated, and further microscopic counts found that the sample including only 5.4 org./mL in the size above 210 ym. The
test cycle was anyway repeated as Test Cycle no 36/2F.
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Aokipég o€ nAoio
Shipboard testing

Mivakag 7 Aokipéc udATwv Kal eniXeipnaolaka dedopéva nou eAA@Onoav Kata Tn didpkeia dokIJwV o€ nAoio Tou OBS
BWMS (A.M.E. Twv 1000 m3/h) pe To @iATpo Boll & Kirch 6.18.2 (BK1, pe nAéypa 40pum) kai €€ Baiapwv Y.A.
€YKATEOTNHEVOUG NapdAAnAa oTo nAoio Saga Future (IMO No. 9613836) katd Tnv nepiodo Tou OkTwRpiou 2015 £wg
Iouviou 2016.

Table 7 Test water conditions and operational parameters in shipboard testing with OBS BWMS (TRC of 1000 m3/h)
including a Boll & Kirch 6.18.2 filter (BK1, 40 pm screen) and 6 UV chambers installed in parallel on board the ship
Saga Future (IMO No. 9613836) during the period of October 2015 to June 2016.

KukAog Osppokpacia |AAarétnra |Y.A.- | DOC POC TSS Xpovog Eupog Méon
SoKip®v NepoU [Psu] Nep. |[mg/L] |[mg/L] |[mg/L] |katakparnong | £vraong |napoxh perd
[°C] [%] [wpec] Y.A. oToVv TO
EPHATIONO |PIATPpapICHA
[W/m?] [m?/h]
Test cycle Water Salinity UVT | poc POC TSS Holding time Average |Average flow
temperature [PSU] [%]limg/L] |[mg/L] |[mg/L] [hr] UVI at rate after
[°C] ballasting filtration
[W/m?] [m3/h]
1Y 16.3 33.90 98 1.37 0.15 1.73 22 1652 991
3 11.2 30.30 67 1.43 0.81 41.93 28 473 995
6 31.6 32.4 94 1.70 0.05 17.33 35 1497 999
7 27.2 18.1 91 1.73 <0.1 6.27 45 801 997
8 29.7 33.1 95 1.50 <0.1 5.87 37 1882 997
10 31.9 31.6 96 1.80 <0.1 3.60 26 1589 992

1) O kUkAol dokipwv ap. 1,2, 4 kai 5 €ival un €yKUupeg dOKIPEG AOYW TWV XAUNA®V HETPROEWV PUKIOV OTNV €i0080 Kal ENOPEVWG KAMOIEG Ano
auTEG TIG QOKIMEG eykaTaAeipOnkav npiv 0Aa Ta deiypata avaAuBouv. O KUKAOG SOKIM@V 9 ATav un €ykupog Adyw ouvTripnong nou
npaypaTonoinenke €kTog Twv Npodiaypa®wv (KataoTpopr GiATpou).

Test Cycleno 1, 2, 4 and 5 are invalid tests due to low algea inlet counts and therefore some of these tests were aborted before all samples
were analyzed. Test Cycle 9 was invalid due to a maintenance performed outside the specifications (filter damage).
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Mivakag 8 Méool apiBpoi {wvTavwv opyaviouwyv os VEPO €10000U Kal eNEEEPYATHEVNG andoppIYnG KaTd Tn didpKela
doKINWV o€ nAoio Tou OBS BWMS (A.M.E. Twv 1000 m3/h ). O1 LwvTavoi opyaviopoi =10 kai <50 pm
NnoooTIKOMOoINBNKav PE HETPNON HIKpookoniag HETA anod Xpwon pe CMFDA/FDA o€ HOAUGUEVO Kal ENEEEPYATHEVO VEPO.
'OAeG o1 METPROEIC TwV NaBoyovwy BakTnpiwv (E. coli, Enterococci and Vibrio cholerae) os ene€epyacpévo vepo
Bpébnkav kaTw and To Oplo anoppiyng 6alacaiou £puaTog.

Table 8 Average numbers of live organisms in inlet and treated discharge water during shipboard testing of the OBS
BWMS (TRC of 1000 m3/h). Live organisms =10 and <50 ym were quantified by microscopy counting after staining
with CMFDA/FDA in influent and treated water. All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio
cholerae) in treated water were below the ballast water discharge standard.

KukAog Opyaviopoi =50 pm Opyaviopoi =210-<50 ym
SOKIHOV [opyaviopog/m?3] [opyaviopoi/mL]
Test cycle Organisms =50 pm Organisms =10-<50 pm
[organism/m?3] [organisms/mL]
MoAucouévo veEpPO Ene§epyaocyévo otnv MoAucouévo VEPO Ene§epyacpévo
Influent water anoéppiyn Influent water oTnV anéppiyn
Treated discharge Treated discharge
1 6 403 252 329 1.7
3 57 250 7.2 138 0.2
6 12 118 2.6 95 1 1.2
7 23 239 <1 121 5.7
8 20 498 0.17 120 <0.2
10 3 044 0.88 90.3 9 <0.2

1) O1 kUkAoI doKIp®V 1, 2, 4 Kai 5 gival pn €yKUpeg SOKIKEG AOYW TWV XAUNA®V HETPAOEWV PUKIQV 0TNV €i00d0. Na Toug KUKAOUG JoKIL®V 6 Kal
10, o1 peTpnoelg e100d0u eival peTa&u 90 kal 95% anod Tnv anaitnon doKIJwV nou BewpeiTal pia anodekTr andkAion.

Test cycle 1, 2, 4 and 5 are invalid tests due to low algea counts at inlet. For Test cycle 6 and 10, the inlet count is between 90 and 95% of the
test requirement which is considered an acceptable deviation.

2)ZT0V KUKAO JOKIPAG Og nAoio ap. 1 0 apiBudc Twv opyaviopwv =50 pm oTnv eneepyacpévn anoppiyn dev NANpoUce To Opio anoppiyng Adyw
31appoNG TOU EMICTOMIOU NAPAKAKWNG TO OMOI0 AVTIKATACTAONKE WETA TOV KUKAO dOKIUAG ap.5.

In shipboard Test Cycle no 1 the number of organisms =50 um in the treated discharge did not meet the discharge standard due to a leaking
bypass valve which was replaced after Test Cycle no 5.
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4. ZxeTika ‘Eyypaga Motonoinong / Approval Documentation:
System descriptive documentation

Installation Manual for Optimarin Ballast System, Rev 6, Template dated 14/10/2020. This manual is
specific to BK3 or FX2 or BK3EX filters

Optimarin, OM-C-59 Software maintenance and development checklist, Rev 3

Optimarin, UV chamber with instrumentation, Illustration for DNVGL dual safety layer requirement,
Drawing No. 100000, Rev -

DNV GL report; flow balance calculation, Flow Distribution in Parallell UV chambers, 2015-0885, Rev. 1,
25.09.2015

DNV GL, Filter comparison of Boll & Kirch filter model 6.18.2 and 6.18.3, 385FIST130315-2
Optimarin, Filter Comparison Data TYPE BK, 2020

Optimarin, Filter Comparison Data TYPE FX, 2020

Optimarin, Flow pressure valve replacement report, Revl

Commissioning procedure

Class survey checklist for Optimarin Ballast System, Rev. 2 Template dated 2.20.2018
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5. EkO£0oe1g anoTeAsopaTwyv Jdokipwyv / Test reports:

Biological test reports

NIVA, Land-based testing of OBS 334 Ballast Water Management system of Optimarin AS - Final Report,
Report SNO 6921-2015, Final report v2.1, June 2016

NIVA, Shipboard testing of the Ballast Water Management System OBS1000 of Optimarin AS, Report
SNO 7063-2016, Final report v2.0, June 2016

NIVA, Land-based testing of OBS 334 Ballast Water Management system of Optimarin AS - Final Report,
Report SNO 7523-2020, Final report, August 2020

Environmental test reports

Applica EMC and Environmental testing of Gonnheimer Elektronic GmbH Control unit F850S and power
supply for Optimarin AS, Report 20226, Rev. 1

Applica Technical Report Optimarin AS Environmental testing of Temperatures Switches, Report No.
21250 Rev 1

Applica Technical Report Optimarin AS Environmental testing of Sensor Box +EXSB01 and temperature
transmitter TR-34, Report No. 21356 Rev 0

Applica Technical Report Optimarin AS Environmental testing, Report No. 20597 Rev 0

Applica Technical Report Optimarin AS Environmental testing of Environmental testing of TB (Terminal
Boxes) Report No. 20984 Rev 0

Applica Technical Report Optimarin AS EMC and Environmental testing of new components to Optimarin
BWMS, Report No. 30486 Rev 0

DNV GL Type Approval Certificate TAEOO0037U issued to UVANTECHAS for UV Power Cabinet Type UVA.
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