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TYPE APPROVAL CERTIFICATE OF THE BALLAST WATER MANAGEMENT SYSTEM Date of issue:
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Ekd060nke Bacel Twv diaTa&ewv Tng AieBvolc ZupBaong yia Tov ‘EAeyxo Kal
Alaxeipion 'EppaTog kail InuaTtwy nou npogpyovTal ano MAoia (sQeEng «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 niotonoligital / This is to certify:

'OTI TO oUoTNKa diaxeipiong BaAacoiou EpUATOG NOU KTIBETAI NAPAKATW £XEl EEETAOTEI KAl OOKIYACTEI
oUpPWVa HE TIG ANAITAOEIC TWV Npodiaypa®wyv nou nepiexovTtal oTic Odnyiec nou nepiéxovral oto Code
for Approval of Ballast Water Management Systems (resolution MEPC.300(72) !. To nioTonoinTiko €ival
£yKupo hovo yia To cUoTnua diaxeipiong Balacaiou £pUaTog NoU avagEPETal 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 6alacoiou £ppaTtog epodiacuévo ano Tnv: Wartsila Water Systems Ltd
Ballast water management system supplied by: Wartsila Water Systems Ltd

Ovopacia ouoTrpaToc: Wartsila Aquarius EC BWMS
Name of the system: Wartsila Aquarius EC BWMS

EvowpaTtwvovTag Ta €En¢ povtéla: AQ-250-EC(X), AQ-300-EC(X), AQ-375-EC(X), AQ-430-EC(X),
AQ-500-EC(X), AQ-550-EC(X), AQ-750-EC(X), AQ-850-EC(X), AQ-1000-EC(X), AQ-1200-EC(X),
AQ-1500-EC(X), AQ-1650-EC(X), AQ-2000-EC(X), AQ-2250-EC(X), AQ-2500-EC(X), AQ-3000-
EC(X), AQ-3300-EC(X) ka1 AQ-4000-EC(X) ue AsiToupyikr napoxn eneEepyaaiac 250-4000 m3/h
Incorporating the following models: AQ-250-EC(X), AQ-300-EC(X), AQ-375-EC(X), AQ-430-EC(X),
AQ-500-EC(X), AQ-550-EC(X), AQ-750-EC(X), AQ-850-EC(X), AQ-1000-EC(X), AQ-1200-EC(X),
AQ-1500-EC(X), AQ-1650-EC(X), AQ-2000-EC(X), AQ-2250-EC(X), AQ-2500-EC(X), AQ-3000-
EC(X), AQ-3300-EC(X) ka1 AQ-4000-EC(X) with treated rated capacity 250-4000 m3/h

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: TAP0000264
Revision No: 1

Huepounvia €kdoong:

Date of issue: 2021-01-29

To ZUoTnua diaxeipiong Balaooiou £EpPaTog KaTaokeuaouévo and Tnv: Wartsila Water Systems Ltd
Ballast water management System is manufactured by: Wartsila Water Systems Ltd.

HE ox€dio eEonAiopou/ouvapuoAoynong apif.: BA. NMpoocapTnua 2
to equipment/assembly drawing No.: See Appendix 2

Noindg e€onAioudG KaTaokeuaopévog ano: BA. MpoocapTnya 2
Other equipment manufactured by: See Appendix 2

HE oxedlo eEonAiopoU/cuvapuoAdynong apib.: BA. MpoodpTnua 2
to equipment/assembly drawing No.: See Appendix 2

A&IToupyIKN napoxn sne€epyaciac: 250-4000 m3/h
Treatment rated capacity: 250-4000 m3/h

AvTiypa@o autoU Tou MoTonoinTikou 'Eykpiong TUnou, npénel va QpEpeTal o KABE nAoio nou &xel
€£YKATEOTNHEVO AUTO To cUOTnNa ene€epyaaniag Balaoaiou €puaTog ava ndoa oTiyun. Mia avagopd ato
NPWTOKOAAO JOKIUAG Kal €va avTiypapo Twv anoTeAeoPdTwyV SoKIH®V NpEnel va sival diabgoipa yia
£€\eyxo eni Tou nAoiou.

>TnVv nepinTwon nou To MioTonoinTiko 'Eykpiong Tunou £kdideTal Baci{OPEVO O £yKpIan AAANG Apxng,
npéENEl va yiveral avapopa OTo CUYKEKPIYEVO MoTonoinTiko '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 e Baon To MioTonoinTikd ‘Eykpiong Tunou api8. TAPO0O00230EkD. 1 nou &xel
€kd0Bei anod Tov DNV GL peta ano e€ouaiodotnon TN NopBnyikng NauTiAlakng ApXnG.

The Certificate is issued based on the Type Approval Certificate No. TAP0000230 Rev. 1 issued by DNV
GL on behalf of the Norwegian Maritime Authority.

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

AANoI neplopiopoi nou TiBevTal cupnepiAapBavouy Ta €Enc: BA. MpoocapTnpa 1
Other restrictions imposed include the following: See Appendix 1

AUTOC 0 €EonAIoNOC £xel oxedlaaTel yia AsiToupyia oTIc napakaTw?: BA. MpoocdapTnHa 1
This equipment has been designed for operation in the following conditions?: See Appendix 1

EiocdyeTal Toug oxediaoTIKoUg NepIopioPolG Tou ouaTripaTtog / Insert System Design Limitations.
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Ap. MoTonoinTikoU:
Certificate No: TAP0000264
Revision No: 1

Huepounvia €kdoong:

Date of issue: 2021-01-29

Ekd06nke oTo(v)/n(v) / Issued at Hgvik Tnv/on 2021-01-29

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

This Certificate is valid until: 2025-06-11.

Location: DNV GL Hgvik, Norway

Dag Sale-Nilsen

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

DNV GL local station: Southampton

Mnxavikog 'Eykpiong / Approval Engineer: Michael
Lehmann
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Ap. MoTonoinTikoU:
Certificate No: TAP0000264
Revision No: 1

Huepounvia €kdoong:

Date of issue: 2021-01-29

MpooapTnua/Appendix

1. Nepiopiopoi cuoTnarog / System limitations:

Mepiypa®n npoiovrog

Product description
AkoAoubia ene€epyaoiac:

e MpooAnwn BaAacaiou €ppaToc: AINGnon kal €yxuon dpadTIKhC ouciag nou Napayeral e
nAekTpOAUGn

e AnoOppiyn 6alacciou £puaTog: EEoudeTEépwon
Treatment sequence:
e Ballast water uptake: Filtration and injection of active substance generated by electrolysis

e Ballast water discharge: Neutralisation
Meplopiopoi oXeS1ACHOU CUOTAHATOG / NAPAHETPOI NOIOTNTAG VEPOU

System design limitations / Water quality parameters

Oeppokpacia & aAaroTnTa

Temperature & salinity

H Bgpuokpacia kal n aAatdéTnTa Tou Balacoiou EpPaTog dev anoTeAE NEPIOPIOTIKA Npounddeaon yia To
ouoTnua enegepyaociag Bahaoaoiou £puaToc.

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

MepIOPIOCHOI OXESIACHOU CUCTAHATOG / AEITOUPYIKEG NAPAHUETPOI

System design limitations / Operational parameters

Tpo@odocia vepoU oTn Hovada NAeKTpOAuong

Feed water to electrolysis unit

H aAatoTtnTa Tou vepoU Tpo@odoaiac oTn povada NAEKTpOAUCNG NpEnel va eival =15 PSU. MNa tnv
enegepyaaia Tou EpPAToc HE aAaToTnTa PikpoOTEPN and 15 PSU, To Balacoivd vepd Nou anoBnkeUeTal o€
€101kn de€apevn pnopei va xpnoigonoindei wg vepd Tpopodoaiag oTn Hovada NAEKTpOAUONG.

H Bepuokpaacia Tou vepou Tpopodoaiag aTn povada nAekTpoAuong npénel va gival =15 ° C. To vepo
Tpoodoaiag Tng povadag NAekTpoAuonG BeppaiveTal, ONwG anaiTeiTal, otoug =15 © C pe xpron
€VaAAakTn BepudTnTAG.

The salinity of the feed water to the electrolysis unit shall be =15 PSU. For treatment of ballast water
with a salinity of less than 15 PSU, sea water that is stored in a dedicated tank may be used as feed
water to the electrolysis unit.

The temperature of the feed water to the electrolysis unit shall be >15°C. The feed water to the
electrolysis unit shall as necessary be heated to >15°C by use of a heat exchanger.
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Ap. MoTonoinTikoU:
Certificate No: TAP0000264
Revision No: 1

Huepounvia €kdoong:

Date of issue: 2021-01-29

XpovoG Napapoving

Holding time

To Wartsila Aquarius EC BWMS gxel emidei&el anodoon oTo NpOTUNO anoppiwng e EAAXIOTO XpOVOo
napapovng META&u NpdoAnwng Kal anoppiyng 24 wpwv Ot XEPOAieg dOKIPEG. ANaITEITAl EAAXIOTOG XPOVOG
napapovng 24 wpwv yia To Wartsila Aquarius EC BWMS.

The Wartsila Aquarius EC BWMS has demonstrated performance to the discharge standard with a
minimum holding time between uptake and discharge of 24 hours in land-based testing. A minimum
holding time of 24 hours is required for the Wartsila Aquarius EC BWMS.

AogolAoyia

Dosing

O oTdxog TRO Tou Wartsila Aquarius EC BWMS €ival 10 mg / L (wg Cly) evrog Tou elpoug £ 1 mg / L. H
ouykevTpwon TRO kaTta Tnv anoppiyn npénel va eival < 0,1 mg / L.

The target TRO of the Wartsild Aquarius EC BWMS is 10 mg/L (as Cl;) within the range of £ 1 mg/L. TRO
concentration at discharge shall be <0.1 mg/L.

OVOHAOTIKN XWPNTIKOTNTA ENEEEpyaaniag

Treatment Rated Capacity

O1 kavoTnTeg ene€epyaaiag (TRC) Twv kaBopiopévwv povTéEAwv Wartsild Aquarius EC (X) BWMS
napatiBevTal napakatw. H AioTta kabopilel eniong Ta oToiXeia PIATpoU Kal NAEKTpOAUONG nou Ba
€yKaTaoTabouv yia £va CUYKeEKPIPEVO PovTEND. 'Eva povTélo Wartsila Aquarius EC BWMS unopei va
Xpnoigonoin®ei ye JeyaAUTepo PIATpO and auTo nou kaBopileTal NapakaTw.

O1 puBpoi porc BWMS dev npénel va unepBaivouv To TRC evOC OUYKEKPIPMEVOU HOVTEAOU Wartsila
Aquarius EC (X) BWMS. To BWMS gAéyxel auTopaTa Tov pubud pong Tou PIATpoOU Kal TNV avaui&n tng
€yXUong Tng dpacTIKnG ouadiag oTnv KUpPIA YPAUKN EPUATIONOU epappolovTag Jia yovada avapigng kai yia
BaABida eAéyxou pong Téoo KaTtd TNV NpOcAnwn vepolU 0G0 Kal KATa TNV andoppiyn.

The Treatment Rated Capacities (TRC) of the designated Wartsila Aquarius EC(X) BWMS models are

listed below. The list also specifies the filter and electrolysis cells that shall be installed for a specific
model. A Wartsila Aquarius EC BWMS model may be used with a larger filter than specified below.

The BWMS flow rates shall not exceed the TRC of a specific Wartsila Aquarius EC(X) BWMS model. The
BWMS automatically controls filter flow rate and the mixing of injection of active substance into the main
ballast line by applying a mixing unit and flow control valve both during ballast water uptake and
discharge.
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Ap. MoTonoinTikoU:

Certificate No: TAP0000264

Revision No: 1
Huepounvia €kdoong:
Date of issue:

2021-01-29

MovTéAo
Wartsila A.TL.E. HAekTpoAuTIKG KEAIA
Aquarius EC  |[m3/h] MovTéAo @iATpou (1) Electrolysis cells
Wartsila TRC Filter model (1)
Aquarius EC [m3/h] Magneto Permascand
model
e BS-100H/V-08 or
AQ-250-EC(X) 250 BS-101(e)H/V-08 E.HAM.0801 PermaChlor 6500
AQ-300-EC(X) 300 BS-101(e)H/V-T-08 E.HAM.0801 PermaChlor 6500
BS-150H/V-10 or
AQ-375-EC(X) 375 BS-151(e)H/V-10 E.HAM.0801 PermaChlor 6500
AQ-430-EC(X) 430 BS-151(e)H/V-T-10 E.HAM.0801 PermaChlor 6500
BS-200H/V-12,
AQ-500-EC(X) 500 BS-201(e)H/V-12 or E.HAM.0801 PermaChlor 6500
BS-151(e)H/V-ST-12
e BS-200H/V-T-12 or
AQ-550-EC(X) 550 BS-201(e)H/V-T-12 E.HAM.0801 PermaChlor 6500
AQ-750-EC(X) 750 BS-300(e)H/V-14 E.HA)I:/I.20801 PermaCXhlzor 6500
AQ-850-EC(X) 850 BS-300(e)H/V-T-14 E'HA)':"'20801 Permacxhlzor 6500
i . BS-400(e)H/V-14 or E.HAM.0801 PermaChlor 6500
AQ-1000-EC(X) | 1000 BS-300(e)H/V-ST-14 X 2 X 2
AQ-1200-EC(X) | 1200 BS-400(e)H/V-T-14 E'HA)':"'20801 Permacxhlzor 6500
i i BS-603(e)H/V-18 or E.HAM.0801 PermaChlor 6500
AQ-1500-EC(X) 1500 BS-500eH/V-T-16 x3 X3
AQ-1650-EC(X) | 1650 BS-603(e)H/V-T-18 F-HAM.0801 | PermaChior 6500
_ _ BS-804(e)H/V-20 or E.HAM.1001 PermaChlor 13500
AQ-2000-EC(X) | 2000 BS-603(e)-H/V-ST-18 x 2 X 2
AQ-2250-EC(X) | 2250 BS-804(e)H/V-T-20 FHAM 1001 PermaChior 13500
_ _ BS-1004(e)H/V-24 or E.HAM.1001 PermaChlor 13500
AQ-2500-EC(X) | 2500 BS-804(e)H/V-ST-24 x 2 x 2
AQ-3000-EC(X) | 3000 BS-1204(e)H/V-24 FHAM 1001 PermaChior 13500
_ _ BS-1004(e)H/V-ST-24 or E.HAM.1001 PermaChlor 13500
AQ-3300-EC(X) | 3300 BS-1204(e)H/V-T-24 X 3 x 3
) ) BS-1204(e)H/V-ST-24 or E.HAM.1001 PermaChlor 13500
AQ-4000-EC(X) | 4000 BS-1406(e)H/V-T-24 X 4 x 4
(1) To H/V cupBoAilel piATpa yia opifovTia ) KaBetn eykatactaon. To (e) oupBoAilel Ta piATpa Tng oeipag BS e-series.
(1) H/V symbolises filters for horizontal or vertical installation. (e) symbolises filters of the BS e-series range.
Form code: IBWM 211.GRC el-en  Revision: 2019-11 www.dnvgl.com Page 6 of 19




Ap. MoTonoinTikoU:
Certificate No: TAP0000264
Revision No: 1

Huepounvia €kdoong:

Date of issue: 2021-01-29

Migon

Pressure

H eAaxioTn kai n YEYIOTN Nieon A&IToupyiag Tou CUCTANATOG Kal n dlagopd nieong nou evepyonolei TNV
avTioTpopn NAUCN ava@EépovTal NapakaTw.

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

MovTéAo R
Wartsila EAdyxioTn nieon €100d0u MéyioTn nigon Amz-:(s:p"::ll-l:::ic-rn ‘I"IOU
Aquarius EC OaAaocoiou éppartog (1) Oalacoiou £épparog uvrio?rvo n)\go
Wartsila Minimum ballast water |Maximum ballast water Di P _(Pn n
. . 1 . ifferential pressure
Aquarius EC inlet pressure (1) operating pressure - . -
triggering backflushing
model
AQ-250-EC(X) to
AQ-4000-EC(X) 1.6 bar 6 bar 0.5 bar

(1) Anaiteital eEAaxIoTn NiEon KATa TN XPRon avTAiag avtioTpo®ng NAUCNG Yia anoTEAECUATIKO KaBapiopd @iATpou.
(1) Minimum pressure required when using a backflush pump to enable effective filter cleaning.
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2. AioTa nioTonoinuévwy Tunmwv/List of certified types:

Ap. MoTonoinTikoU:
Certificate No: TAP0000264
Revision No: 1

Huepounvia €kdoong:

Date of issue:

2x€01a eEonAiIcpoU / cuvapHoAdoynong

Equipment / Assembly drawings

To Wartsila Aquarius EC BWMS Ba eykaTtaoTabei oup@wva Je Ta NapakaTw £yypaed.

2021-01-29

The Wartsila Aquarius EC BWMS shall be installed in accordance with the documents listed below.

maintenance and
safety manual

ToOnog Ap. Zxediou Mepiypapn
Type Drawing no. Description
Wartsila Water Systems Ltd
. Wartsilad Aquarius EC
Eyxeipidio AQ-xxxx-EC
mﬁfﬂ]%ﬁ]%ﬁ{iim Operational Maintenance & Safety Manual (OMSM
aocpaAsiag 162.060-38) . Operational Maintenance &
(OMSM) Ballast Water Management System Using Safety Manual
. Disinfectant
Operation,

Designed for Compliance with USCG rule 33CFR
part 151 and 46CFR part 162
IMO MEPC 300(72) {G8} & 169(57) {G9}

OWANVWOEWV Kal
opyavwv (2
(P&ID)
Piping and
instrumentation
diagram (1@
(P&ID)

(OMSM) h

Revision 8 - 8t" December 2020

EC-T-001-171 or EC-T-013-171 Single System
Aiaypappa EC-T-002-171 or EC-T-014-171 Multiple System

EC-T-004-171 or EC-T-015-171

EX Single System

EC-T-006-171 or EC-T-017-171

EX Submerged Pumps

EC-T-007-171 or EC-T-018-171

Single System Loose Kit

EC-T-008-171 or EC-T-019-171

EX Single System Loose Kit

EC-T-009-171 or EC-T-020-171

EX Single System Dual Filter

EC-T-011-171 or EC-T-021-171

EX AFT Peak System

ZX€01a YEVIKNAG
dleuBeTnoNng (GA)
1) @3)
General
arrangement
(GA) drawings
M)

HO250FK-xxx-191 to H4000FK-xxx-191

Standard Filter Kits

HO250FXK-xxx-191 to H4000FXK-xxx-191

Standard EX Filter Kits

HO250FCK-xxx-191 to HO500FCK-xxx-191

Compact Filter Kits

HO250FCXK-xxx-191 to HO500FCXK-xxx-191

Compact EX Filter Kits

HOO500FCK-SP-xxx-191 to H4000FK-SP-xxx-191

Super Turbo Filter Kits

HOO500FCXK-SP-xxx-191 to H4000FXK-SP-xxx-191

Super Turbo EX Filter Kits

HO300ECMK-xxx-201 to H3600ECMK-xxx-201

Mixer Kits

HO300ECMXK-xxx-201to H3600ECMXK-xxx-201

EX Mixer Kits

HO850ECS2-XXA-172 to H4000ECS2-XXA-172 ()

Sidestream Pump Modules

HO550ECC-xxx-201 to H4000ECC-xxx-201

EC Cell Modules

HO850ECT-xxx-201to H4000ECT-xxx-201

EC Tank Modules

ECDM-xxx-172

EC Bisulphite Drum Module

HO250ECBD-xxx-172 to H4000ECBD-xxx-172

Neutralisation ECBD Modules

Kraft Powercon FlexKraft Marine FKM 1M 50V to
FlexKraft Marine FKM 10M 200V

Power Supply Units
Alternative 1

Castlet A201608 to A201611

Power Supply Units
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Ap. MoTonoinTikoU:
Certificate No: TAP0000264
Revision No: 1

Huepounvia €kdoong:

Date of issue: 2021-01-29

Alternative 2
ECFI-002-172 PS Cooling Spool
BWCP-GA-02 Control Panel
AioTa UAIK®OV
BoM .
Bill og mat)erials BD00400 (Rev. 6) Generic BoM
(BoM)
BWCP20001 to BWCP20025
BWCP25001 to BWCP25025 EC Control Panel
BWCP20101 to BWCP20125
BWCP25101 to BWCP25125
BWCP40001EX to BWCP40025EX
: BWCP45001EX to BWCP45025EX
Deoic BWCP40101EX to BWCP40125EX EC Control Panel Ex
kaAwdiwang BWCP45101EX to BWCP45125EX
Eledcigrécrzlmwgl)ng BWCP90053 EC R?g;%tgn(;%nsole
BWCP60001 to BWCP60009
BWCP65001 to BWCP65009
BWCP60101 to BWCP60109 EC Aft Peak Control Panel
BWCP65101 to BWCP65109
BWCP90071, BWCP90075 EC Aft Peak Remote Console

(1) -171, -172, -173, -191 1} -201 avTinpoownevel Tov apiBuo avabewpnong Twv oxediwv P&ID 1 GA. MNa onoiadnnote avabewpnon nou
£X€l WG anoTéAeopa ahAayn autol Tou apiBpou avabewpnong, Ta avabewpnuéva oxédia P&D ) GA npénel va npowBnbouv ato DNV
GL yia a&oAdynon.

(2) Ynapxouv dUo £kddoelg kaBe PRID onou pia £kdoon (n.X. EC-T-001-171) cival yia TUMNIKEG pUBUIOEIG EyKATAGTACGNG, EVW N deUTEPN
€kdoon (n.x. EC-T-013-171) apopa eykataoTacelg Je evaAAakTIKn uBpidikn avTAia diatagn yia Tn doooAoyikr povada.

(3) Ta ox£dia GA nou avagEpovTal €ival YEVIKA Kal eV XpNoIonoloUVTal yia OUYKEKPIMEVEG EyKATAOTACEIG. O NpooavaToAionog Kal n
Taon / ouxvoTnTa Kabe eykatactaong 6a kabopIaTel yia va enTpEWel Tn dnpioupyia Tou oxeTIkoU oxediou GA, avTikaBioT®VTAG To —
XXX HE TOV OUYKEKPIUEVO KWIKO TUNoU. KaBe oxedio GA Ba avagpépsral aTov Yevikd apiBuo oxediaong GA nou avagEépeTal o€ auTov
Tov nivaka. Tuxdv onpavTikég aAhayeg oto BWMS nou odnyoUv oTn dnpioupyia evog véou yevikoU oxediou We évav véo apiBuod
€kd0oang povTEAou anaiTei TNV unoBoAn auTtol Tou véou yevikoU oxediou oto DNV GL.

(4) Na Ta oxedia TNG povadag avtAiag NAEUPIKAG PORG, MNOPOUV va XpnaoiponoinBouv evaAAakTIKEG emAoyEC HXXXXECSA-XXA-172 kal
HXXXXECSB-XXA-172 avTi TnG TUNIKNAG Npoopopag HXXXXECS2-XXA-172 yia OpIOPEVEG EYKATAOTACEIG, €AV anaiTeital.

(5) O1 apiBuoi oXediaong yia GUYKEKPIMEVEG EYKATAOTACEIG UNOPEI va nepIAapBavouy Tov apipd oUppacng eykaTaoTaong yia akonoug
IXVNAaoipoTnTag (n.X. BWCPxxxx-25xxx). KGBe ax€dio avapeperal aTov apiBpd nAekTpikoU oxediou Nou avapEPETal 0 AUTOV TOV
nivaka.

(1) -171, -172, -173, -191 or -201 represents the revision number of the P&ID or GA drawings. For any revision resulting in a change
of this revision number, the revised P&D or GA drawings are to be forwarded to DNV GL for evaluation.

(2) There are two versions of each P&ID where one version (e.g. EC-T-001-171) is for typical installation arrangements while the
second version (e.g. EC-T-013-171) is for installations with an alternative hybrid pump arrangement for the dosing module.

(3) The listed GA drawings are generic and are not used for specific installations. The orientation and voltage/frequency of each
installation will be determined to allow for the relevant GA drawing to be created, replacing -xxx with the specific type code. Each
GA drawing will reference back to the generic GA drawing number listed in this table. Any significant changes to the BWMS leading
to a new generic drawing being created with a new model version number requires submission of that new generic drawing to
DNV GL.

(4) For the sidestream pump module GA drawings, alternative options HXXXXECSA-XXA-172 and HXXXXECSB-XXA-172 can be used
in place of the standard offering HXXXXECS2-XXA-172 for some installations, if required.

(5) Drawing numbers for specific installations may include the installation contract number for traceability purposes (e.g. BWCPxxxx-
25xxx). Each drawings will reference back to the electrical drawing number listed in this table.
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‘AAAOG €E0NAICHOG NOU KATAOKEUAZETAI Ano TV

Other equipment manufactured by

To Wartsila Aquarius EC BWMS epapuolel povTtéAa QiATpwv (o€ Tunikég, turbo kal super-turbo
JlapopPWOEIC) TNG 0Ipac BS kal TnG ocipdc BS e pe nAgypa @iATpou Smartweave ™ 40 pm nou
oxediaotnke and Tnv Filtersafe aAAd kaTtaokeuaoTnke and Tnv Wartsila katoniv adeiac.

To Wartsila Aquarius EC BWMS e@appolel kal TiG U0 KUWEAEG nAekTpoAuong E.HAM.0802 / E.HAM.1001
nou kataokeudlovTal ano Tn Magneto €ite Ta kUTTApa nAekTpoAuong PermaChlor 6500 / PermaChlor
13500 nou kataokeualovTal ano Tnv Permascand.

O1 avopBwTEC napéxovTal €ite and Tnv Kraft Powercon €ite and tnv Castlet.

The Wartsila Aquarius EC BWMS applies filter models (in standard, turbo and super-turbo configurations)
of the BS series and BS e-series with a 40 pm Smartweave™ sintered filter screen designed by Filtersafe
but manufactured by Wartsila under license.

The Wartsila Aquarius EC BWMS applies either the electrolysis cells E.HAM.0802 / E.HAM.1001
manufactured by Magneto or the electrolysis cells PermaChlor 6500 / PermaChlor 13500 manufactured
by Permascand.

The rectifiers are either supplied by Kraft Powercon or Castlet.

EEonAIoHOG eEAEyXOU Kal napakoAouOnong

Control and monitoring equipment

Ekdoon AoyIOHIKOU

Software version

To Wartsila Aquarius EC BWMS gival eyKeKpIUEVO PE TNV £kD00N AOYIOHIKOU EAEYyXOU ouoThpaToC R11XX.
>Tov apibpo avabswpnong R11XX To npwTo "1" avrinpoownelel Tov KUpIo apiBud avabewpnong Tou
AOYIOMIKOU Kal To deuTepo "1" avTinpoownevel Tov apiBuo avabswpnong UAIKoU. To XX avTinpoowneuel
Tov deuTepeliovTa apiBuo avabewpnaong.

TuxOv aAAay£EG oTo AOYIOHIKO MPEMEI va KATAypagovTal 600 To cUoTnua Xpnoigonolsital €v nAw. Oi
EYYPAPEC OMOIOdNNOTE ONUAVTIK®V AAAQY®WV AOYIGHIKOU ) onolodnnoTe aAAaywVv OTo UAIKO, ONWG
neplypdageral otn Aladikaoia EAEyxou AoyiopikoU EAEyxou ZuoTnudaTtwv EAgyxou (BD00312), npénel va
npowBnBouv oto DNV GL yia a&ioAdynon. SnNUavTikeG aAAayec AoyiopikoU nepIAapBavouv onoladnnoTe
aAAayn otn QIAogo®ia eAEyxou kal Aeitoupyiag Tou BWMS, n onoia pnopei va aAAa&el Tnv anddoon Tou
ouoTANATOC. EVOéxeTal va anaiTeital EAeyXoC TWV AEITOUPYIOV EPAPHOYAC TOU avaBewpnuUEVOU AOYIOWIKOU,

The Wartsila Aquarius EC BWMS is type approved with the system control software version R11XX. In
the revision number R11XX the first "1” represents the major revision number of the software and the
second “1" represents the hardware revision number. XX represents the minor revision number.

Any changes to the software are to be recorded as long as the system is in use onboard. Records of any
major software changes or any changes to the hardware, as described in the Control Systems Software
Revision Control Process (BD00312), are to be forwarded to DNV GL for evaluation. Major software
changes include any change to the control and operating philosophy of the BWMS, which can alter the
performance of the system. Testing of the application functions of the revised software may be required.
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MéTpa acpaleiag

Safety measures

To Wartsila Aquarius EC BWMS é£xel eykpiBei anod Tov TUNO Ye Ta akoAouBa péoa yia Tnv napakoAoudnaon
TNG acpaloug AsiToupyiag Tou BWMS kai yia Tnv evepyonoinon, onwg anaiTeital, evog autopaTou
TepuaTiopoU AsiToupyiag Tou BWMS:

MeTaTponeig nieong PT1 kai PT4 npiv kal JETA TO QIATpPO.

MeTpnTnG pong FIT2 yia To vepo Tpopodoaiag oTn povada NAEKTPOAUTN.

AioBnTpag Bepuokpaciag TIT1 kal aiodnTApag nieong PT3 nou PeTpd Tn Bepuokpacia Kal Tnv
nieon Tou vepoU Tpo@odoaiacg oTn Povada NAEKTPoAUTN.

AlgkonTnG pong FS1 eykaTteoTnuéVoG OoTOV aywyo eEaspiopoU Ha.

O a108nTApag agpiou H2 GS1 eykaTeoTnuEVOC oTov aywyo e€agpiopol Hy (S1euBeTnuévog pe
AgIToupyia ao@aleiag aveEapTnTn anod Tov EAeyxo BWMS).

O aio6nThpac aspiou H2 GS2 sival TonoBeTnUéEVOC NAVW and Ta oToIXeia NAEKTPOAUONG
(diateTaypéva pe Aeitoupyia aogpaleiag aveEdptnTa and Tov €Aeyxo BWMS).

O ai08nTApacg agpiou H2 GS3 TonoBeTeiTal navw and Tn de€apevn anoBrKeuong uNoxAwpI®douG.

AIGTA&N €€aépwonG KUWEANG (e€aptrinaTta AFR1, V112 kal V113 TonoBeTnuéva o< pia nAdka) yia
TOV KaBapIoPo TUXOV UMOAEINOUEVOU UDPOYOVOU ano TIG KUYEAIDEG NAEKTPOAUCNG O NEPINTWON
dlakonng peUPATOC Kal enakoAoudnc acToxiag kal Twv dUo avepioTnpwyv (AsiIToupyia acpaleiag

ave€aptnTtn and Tov €éAeyxo BWMS).

The Wartsila Aquarius EC 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:

Pressure transducers PT1 and PT4 before and after the filter;
Flow meter FIT2 for the feed water to the electrolyser unit;

Temperature sensor TIT1 and pressure sensor PT3 measuring temperature and pressure of feed
water to the electrolyser unit;

Flow switch FS1 installed in the H gas vent duct;

H, gas sensor GS1 installed in the H, gas vent duct (arranged with safety function independent
of BWMS control);

H, gas sensor GS2 placed above the electrolysis cells (arranged with safety function independent
of BWMS control);

H, gas sensor GS3 placed above the hypochlorite buffer tank;

Cell air purge arrangement (components AFR1, V112 and V113 mounted on a plate) to purge
any residual hydrogen from the electrolysis cells in case of power failure and resulting failure of
both blowers (safety function independent of BWMS control).
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HAekTpIkG Kal NAEKTpOVIKG e§apTAHaTa
Electrical and electronic components

To Wartsila Aquarius EC BWMS gival eyKekpIUEVO PE TA NAEKTPIKA KAl NAEKTPOVIKA €EAPTNHATA
(oupnepiAapBavopévwy TWV NApaAnavw avapepoPevwY opyavwy yia Tnv napakoAoldnon Tng ac@aioug
AeIToupyiag Tou BWMS) nou avagépovTtal oto P&ID kal kaBopifovTal ato BoM. EkTdG anod Ta oToixeia nou
avaeEépovTal NapakaTw, Ynopolv va Xpnoigonoinbouv evaAAaKTIKG JOVTEAA and auTd nou kabopilovTal
oTo BoM, unod Tnv npoundBeon OTI 0l NANPOPOPIEC OXETIKA HE Ta EMAEYHEVA eEapTANATA anoTeAoUV PEPOG
TNG TEKKNPIWONG Nou OXETICETAl JE TN CUYKEKPIPEVN £yKATAOTAON, NAPEXOVTAC €ITE AvAQOpdA O EYKUPO
nIoToNoINTIKO £YKPIONG TUMOU EITE TEXVIKN TEKUNPIWGN Nou anodeikvUel OTI TO EMNIAEYHEVO OTOIXEIO
unoBARBnke oe NePIBAANOVTIKEG DOKIUEG oUUPwva Pe To IACS UR E10.

Ma evaAAakTIKO JovTéAO Tou deikTn oTadung LT1 kal Tou aiodnTrpa otadung LS1 nou sival
€£YKATEOTNPEVOI 0TO doXEio anoBrkeuong unoXAwpI®douc Kal Tou diakonTn pong FS1 kar aiobnTrpag
aepiou Hy GS1 nou gival eykaTeoTnUEVOG OTOV aywyo e€agpiopol Hy, napExeTal eniong Tekunpiwaon OTI ol
€VaAAAKTIKOI a108NTNPEG ival kaTaAAnAol yia eykataotaon otn {wvn 1 n €xouv anopovwOei enapkwg ano
TO E0WTEPIKO TOU puBuIoTIKOU unoxAwpiwdoug doxeiou ) Tou aywyoU €Eagpiopol Ha.

MNa Ta akdAouBa NAEKTPIKA Kal NAEKTpovika eEapTripaTa, XpnoipgonoloUvTal JOVO Ta HOVTEAD Mou
kaBopilovTal oto BoM:

The Wartsila Aquarius EC 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 specified on the BoM. Except for the components listed below, alternate models to the ones
specified on the BoM 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 a valid type
approval certificate or technical documentation demonstrating that the selected component was subject
to environmental testing as per IACS UR E10.

For alternate model of the level indicator LT1 and level sensor LS1 installed in the hypochlorite buffer
tank and the flow switch FS1 and H; gas sensor GS1 installed in the H, gas vent duct, documentation
shall also be provided that alternate sensors are suitable for installation in zone 1 or are adequately
isolated from the inside of the hypochlorite buffer tank or H, vent duct.

For the following electrical and electronic components, only the models specified in the BoM shall be used:

E A'?' ‘'Ovopa eEapTAHATOG KataokeuaoTng MovTtéAo(a)
TIKETAG
Component name Manufacturer Model(s)
Tag No.
KEVTp|K_oq Mivakag EAeyxou CMR or Wartsila _Suz_h9u BWCP2xxxXX oF BWCP4xxXXEX
Main control panel (designed by Wartsild)
ANouakpuopévn KovooAd .
. CMR or Wartsila Suzhou
MCP3 (npoaiperiko) (designed by Wartsila) BWCPIxxxx
Remote console (optional)
Algnagn avepwnou pnxavng Beijer Beijer X2Pro10
(HMI) . .
Human Machine Interface (HMI) Mitsubishi GOT1675
Tpogodoaia EC Kraft Powercon Flexkraft
ECPS1 —
EC power supply Castlet Transformer Rectifier
$§8 ; 0086vn TRO kal XAwpiou HF Scientific CLX-XT2, CLX-EX2 or SSR-EX
TRO 3 TRO and chlorine monitor Xylem Water Solutions 9017
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Emikivduvn nepioxn / AvtinupikoU Tunou

Hazardous area / Ex-proof

'Exel dianioTwBei 0TI Ta OXETIKA NAEKTPIKA Kal NAEKTPOVIKA eEapTrpaTa Tou QIATpwv EX kal Twv
€€apTnUdTwyv avapiEng EX Tou Wartsila Aquarius EC BWMS cguppoppmvovTal Je Toug kavovee DNV GL yia
TNV Ta&ivounon Twv nAoiwv Pt.4 Ch.8 Sec.11 kal evdéxeTal va eykaTtacTabouv o€ eNIKivOUVEG NEPIOXEG.
'OAEC ol AAAEG Hovadec Tou BWMS nipgnel va BpiokovTal o€ Jn €niKivOUVEG NEPIOXEG.

O1 eyKaTAOTACEIC O €NIKIVOUVN NEPIOXN NPEMEl va yKpivovTal 0 KABE NepinTwon oUUPwvVa PE TOUG
KavOVEG KAl TNV €K TWV NMPOTEPWV nigTonoinon / €1dikn NpolnoBeaon yia ac@aAn Xprnon nou avapepeTal o
€YKUPO nigTonoinTikd Ex nou ekdideTal anod kolvonoinuevo / avayvwpiouevo opyaviouod niotonoinong. H
EX nioTonoinon dev kaAUNTETAl anoé auTo To NICTOMNOINTIKO.

Relevant electrical and electronic components of the EX filter kit and EX mixing kit of the Wartsila
Aqguarius EC BWMS have been found to be in compliance with DNV GL rules for classification of ships
Pt.4 Ch.8 Sec.11 and may be installed in hazardous areas. All other units of the BWMS must be located
in non-hazardous areas.

Installations 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. Ex-certification is not covered by this certificate.
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3. AnoteAéopara dokigwv / Test results:

Xepoaieg AOKIMEG

Land-based testing

Mivakag 1 SuvOnkeg vepoU JOKIKNWV KAl NAPAUETPWV AEITOUPYiag os xepoaieg dokIUEG Tou Wartsila Aquarius EC BWMS
AQ-500-EC (TRC 500 m? / h) pye E.HAM.0802 cToixeia nAekTpoAUCEwG Nou katackeualovral anod Tn Magneto kai €va
®iATpo BS-200H nou kaTtaogkeualeral anod Tnv Filtersafe otn AleukoAuvon A§loAdynong TexvoAloyiag NauTiAiag Tng DHI
oTo Hundested Tng Aaviag, kaTtd Tnv nepiodo AuyouoTou £wg AskepBpiou 2014.

Table 1 Test water conditions and operational parameters in land-based testing of the Wartsila Aquarius EC BWMS
AQ-500-EC (TRC of 500 m3/h) with E.HAM.0802 electrolysis cells manufactured by Magneto and a BS-200H filter
manufactured by Filtersafe at the DHI Maritime Technology Evaluation Facility in Hundested, Denmark, during the
period of August to December 2014.

TRO
Karta Tov

@eppoKkpacia eppartiopo (Y PuBpuog

KukAog Nepou [°C] AAatérnTa | DOC POC TSS Xpovog [mg/L] pofg

AoKIH®V Water [PSU] [mg/L] |[mg/L] |[mg/L] |Napapovng TRO [m3/h]

Test temperature | Salinity DOC POC TSS Holding at ballasting Flow rate @

cycle [°C] [PSU] [mg/L] |[mg/L] |[mg/L] time [mg/L] [m3/h]
F-1 17 0.31 9.9 7.4 69 24 hours 10.1 (9.1-10.5) 500
F-2 12 0.35 8.6 5.3 50 24 hours 10.6 (10.3-11.0) 501
F-3 12 0.35 8.6 5.3 50 24 hours 10.5 (9.9-11.5) 499
F-4 12 0.34 8.2 6.9 61 5 days 10.6 (9.5-10.9) 498
F-5 12 0.34 8.2 6.9 61 5 days 10.6 (10.0-10.8) 494
F-6 10 0.39 7.8 5.6 60 5 days 10.4 (9.8-10.7) 498
F-7 10 0.39 7.8 5.6 60 5 days 10.5 (9.6-10.) 495
F-8 7.9 0.35 8.5 5.8 52 5 days 10.2 (9.9-10.4) 500
F-9 7.9 0.35 8.5 5.8 52 5 days 10.1 (9.7-10.3) 496
B-1 23 19 6.8 21 74 24 hours 8.6 (8.1-9.0) 497
B-2 23 19 6.8 21 74 24 hours 8.8 (6.9-9.3) 493
B-3 19 18 6.4 7.9 61 24 hours 9.1 (8.5-9.4) 501
B-4 16 18 7.1 6.8 55 5 days 9.3 (8.2-9.5) 497
B-5 16 18 7.1 6.8 55 5 days 9.3 (8.2-9.5) 496
B-6 13 20 7.5 6.5 57 24 hours 10.4 (10.1-10.5) 494
B-7 13 20 7.5 6.5 57 24 hours 10.1 (9.9-10.5) 494
M-1 17 33 7.3 6.6 43 24 hours 9.8 (9.0-10.1) 499
M-2 14 35 7.3 6.7 43 5 days 10.4 (9.5-11.1) 502
M-3 14 35 7.3 6.7 43 5 days 10.5 (9.6-11.4) 500
M-4 13 34 6.2 6.6 44 24 hours 10.5 (9.7-11.4) 497
M-5 13 34 6.2 6.6 44 24 hours 10.5 (9.6-11.1) 499

(1) Méoog 6pog TRO kail elpog TRO og napévoean.
(2) Méoog puBuog pong KeTd Tn dinbnon.

(1) Average TRO and range of TRO in parenthesis.
(2) Average flow rate after filtration.
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Mivakag 2 Méoog apiBuog {wvTwyv 0pyaviopwy O VEPO NPOCANYNG KAl ENEEEPYATHEVNG anoppIyng KaTd Tn didpkela
xepoaiag dokiung Tou Wartsild Aquarius EC BWMS AQ-500-EC. O1 {wvTavoi opyaviopoi =10 kal <50 ym
noooTIKonoINdnkav Pe NETpNON Mikpookoniag JeTd anod xpwaon e CMFDA / FDA. 'OAeG ol PETPNOEIG TwV Naboyovwyv
BakTtnpiwv (E. Coli, Enterococci kai Vibrio cholerae) os ene€epyacuévo vepo nTav KATw anod To NpOTUNO anoppIyng Tou
£puaToc.

Table 2 Average numbers of live organisms in inlet and treated discharge water during land-based testing of the
Wartsila Aquarius EC BWMS AQ-500-EC. Live organisms =210 and <50 pym were quantified 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.

MukvoTNTA OPYAVICH®V OTO VEPO MukvOTNTA OPYAVICH®V OTO VEPO anoppiyng
€10030U Organisms densities in discharge water
Organism densities in inlet water
Opyaviouoi
Opyaviopoi =50 pm =10-<50 pm
Opyaviopoi =50 Opyavicpoi [opyaviopoi/m3] [opyaviouoi/mL]
pm =10-<50 pm Organisms =50 pm Organisms =10-<50 pm
KUkAog [opyaviopoi/m?3] [opyaviopoi/mL] [organism/m?] [organisms/mL]
AoKIp®V Organisms Organisms Ene§epyaop Ene&epyaocp
Test =50 pm =10-<50 pm) évo "EAgyxog €vo "EAeyXog
cycle [organism/m?3] [organisms/mL] Treated Control Treated Control
F-1 197,000 17,585 0 153,017 0.5 2,503
F-2 @ 21 @ 1.6
F3® 233,841 20,469 30 @ 110,212 0.33 2,297
F-4 306,894 15,175 0 149,193 L 1,807
F-5 1 ! ! 0 ! 0.33 '
F-6 (1) 0.33 0.08
7 M 321,532 3,895 64 @ 121,574 017 929
F-8 (1 0 0.5
Fo O 302,778 5,925 0 129,942 0 1,170
B-1 ™ 30 @ 0.33
B> @ 451,570 3,308 16O 229,614 0.42 868
B-3 301,479 1,572 4 113,641 0.67 509
B-4 M 3 1
55 @ 216,297 1,714 2.7 33,478 0.17 329
B-6 1 0.67 0
5.7 O 301,000 1,470 0 96,516 0 925
M-1 362,167 1,725 1.7 87,081 0.75 467
M-2 @ 211,815 1,915 0 49,078 1.1 531
M-3 ) ! ! 0 ! 0
M-4 0 0.17
170,518 1,475 89,775 1,500
M-5 () 0 0

(1) AUo kUkAol doKIM@V Npaypatonoinénkav Tnv idia nuépa xpnaoipgonoi®vTag Tnv idia degapevr) vepou eAEyxou.

(2) Mn £€ykupog KUKAOG SOKIUNG AOYw HOAuvang ano BaABida eicaywyng giATpou diappong.

(3) O1 kUkAol dokiung B-1 kal B-2 ATav o1 dUo npwTol eniyeiol KUKAOI dOKIWAG Nou npayuaronoinénkav kali To BWMS eixe otoxo TRO 9
mg / L. AuToi ol kUkAoI OKIUAG ATav Kal ol dU0 avenITUXEiG. TN OuvEXela, o oToxog TRO augnbnke ota 10 mg / L.

(1) Two tests cycles were performed on the same day using the same control water tank.

(2) Invalid test cycle due to contamination resulting from a leaking filter inlet valve.

(3) Test cycles B-1 and B-2 were the first two land-based test cycles conducted, and the BWMS had a target TRO of 9 mg/L. These test
cycles were both unsuccessful. Subsequently, the target TRO was increased to 10 mg/L.
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AOKIHEG €V NTA®

Shipboard testing

Mivakag 3 ZuvOnkeg vepoU JOKIHWV Kal NApaUETPWV AEITOUpyiag o€ DOKIPEG €V NAwW He To Wartsild Aquarius EC BWMS
AQ-1650-ECX (TRC 1650 m* / h) pe E.HAM.0801 oToixeia nAekTpoAUCEWG Nou kaTtaokeualovtal and Tn Magneto kai
€va QiATpo BS-603V-T nou kataokeudaleral anod tnyv Filtersafe eni Tou neTpeAalopopou Maersk Beaufort (IMO No.
9340594) katd Tnv nepiodo deBpouapiou 2017 £wc Iavouapiou 2018.

Table 3 Test water conditions and operational parameters in shipboard testing with the Wartsila Aquarius EC BWMS
AQ-1650-ECX (TRC of 1650 m3/h) with E.HAM.0801 electrolysis cells manufactured by Magneto and a BS-603V-T
filter manufactured by Filtersafe on board the oil/chemical tanker Maersk Beaufort (IMO No. 9340594) during the
period of February 2017 to January 2018.

Xpovog TRO
Oepuokpacia napago Karta Tov
VvEpPOU Vi €pHATIONO V) PuBuog pong
KOKAOG [°C] AAaTéoTnTa | DOC POC TSS [pec] [mg/L] @
Aokip®v Water [PSU] [mg/L] |[mg/L] |[mg/L] |Holding TRO [m3/h]
Test temperature Salinity DOC POC TSS time at ballasting (¥ Flow rate (@
cycle [°C] [PSU] [mg/L] |[mg/L] [[mg/L] | [hours] [mg/L] [m3/h]
1® 6.2 10 2.0 0.19 8.9 - 8.4 (3.0-9.7) 560
2 21 35 1.0 0.38 18 22 9.3 (6.7-11) 1,340
3 17 34 0.73 0.26 1.4 67 9.6 (6.0-11) 1,628
4 20 1.8 2.3 0.18 6.1 24 9.4 (6.8-11) 1,340
50 15 3.7 - - - - 2.5 (1.1-5.6) 1,256
6 15 3.8 2.2 0.26 20 21 9.0 (6.9-11) 1,408
7 16 5.8 2.4 <0.10 7.6 23 9.3 (5.3-11) 1,527
8 29 31 1.3 <0.10 13 71 8.7 (4.7-9.9) 1,406

(1) Méoog dpog TRO kai elpog TRO oe napévOeon.

(2) Méoog puBuoG pong HeTd Tn dinénon.

(3) O kUKAOG doKINAG 1 eykaTaAsi@Bnke AOyw BAABNG Tou cuoTAPATOG. O KUKAOG SOKIUAG 5 eykaTaAeipBnke Aoyw EAAeIwnG Balacaivol
vepoU oTnNV Nicw deEAPEVR KOPUPNG, HE anOTEAECOHA TO vePO Tpopodoaiag aTn povada NAekTpOAUONG va éxel ahatoTnTa 4 PSU kal
£T01 KATW ANO TOV MEPIOPITUO oXedIaoPol TOU CUOTAKATOG TwV 15 PSU. Asv npayuaTtonoindnke Kapia Asiroupyia ekQopTIoNG yia
auToug Toug U0 KUKAOUG JOKIMAG.

(1) Average TRO and range of TRO in parenthesis.

(2) Average flow rate after filtration.

(3) Test cycle 1 was abandoned due to system failure. Test cycle 5 was abandoned due to lack of salt water in the aft peak tank,
resulting in the feed water to the electrolysis unit having a salinity of 4 PSU and thus below the system design limitation of 15 PSU.
No discharge operation was performed for these two test cycles.
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Mivakag 4 Méoog apifuog {wvTwy opyaviou®V O VEPO NPOCANWNG Kal ENEEEPYATUEVNG anOppIYNG KATda Tn SoKIun eni
Tou nAoiou Tou Wartsila Aquarius EC BWMS AQ-1650-EC. O1 {wvTavoi opyaviogpoi =10 kai <50 pm nogoTikonoinénkav
JE PETPNON HIKPOOKONiag HeTa and Xpwaon ue CMFDA / FDA. 'OAeg o1 JETPROEIC TwV NaBoyovwy BakTnpiwv (E. Coli,
Enterococci kai Vibrio cholerae) os ene€epyacpévo vepd NTav KATw anod To NpoTuno andppiyng Tou £pUAToc.

Table 4 Average numbers of live organisms in inlet and treated discharge water during shipboard testing of the

Waértsila Aquarius EC BWMS AQ-1650-EC. Live organisms =210 and <50 ym were quantified 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.

Opyavigpoi =50 pm Opyaviopoi =10-<50 ym
[opyaviopoi/m?3] [opyaviopoi/mL]
Organisms =50 pm Organisms =10-<50 pm
[organism/m?3] [organisms/mL]
KUkAog Ene§epyacyévn Ene§epyaocyévn
SOKIH®V Nepo €10050uU anoppiyn Nepo €10030uU anoppiyn
Test cycle Influent water Treated discharge Influent water Treated discharge
1@ 255 - 36 -
2 136,511 0 590 0.67
3 21,118 0 435 0.17
4 8,330 0.61 1,328 1.7
50 9,846 - 113 -
6 8,680 2.3 158 0.33
7 7,229 4.6 156 0
8 31,255 0 110 0

(1) O kUkAog dokiung 1 eykaTaAei@Onke Aoyw BAGBNG Tou cuoTAPATog. O KUKAOG SOKIUNG 5 eyKaTaAeipBnke AOyw Tou 0TI dev ATav o
10XUPIOROC anddoang nou NpokARBNKe and Tnv éAAeiwn Balacaivol vepoU oTnv nicw deEapevn UE anoTEAEGHA TO VEPO TPOPODOTiag
oTn govada nAekTpdAuong va €xel aAaToTNTa KATw anod 15 PSU. Aev npayuatonoindnke kapia AeIToupyia anoppiyng o€ autoug TOUG
SU0 KUKAOUG JOKIUAG.

(1) Test cycle 1 was abandoned due to system failure. Test cycle 5 was abandoned due to being outside the performance claim caused
by lack of salt water in the aft peak tank resulting in the feed water to the electrolysis unit having a salinity below 15 PSU. No
discharge operation was performed on these two test cycles.
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4. 2xeTika ‘Eyypaga Mortonoinong / Approval Documentation:

‘Eyypagpd CUCTHHATOG:
System documentation:

e Wartsila Water Systems Ltd.: Wartsila Aquarius EC AQ-xxxx-EC Operational Maintenance &
Safety Manual (OMSM 162.060-38) Ballast Water Management System Using Disinfectant
Designed for Compliance with USCG rule 33CFR part 151 and 46CFR part 162 and IMO MEPC
300(72) {G8} & 169(57) {G9}, rev. 8

e Wartsila Water Systems Ltd.: Wartsila Aquarius EC BWMS Generic BOM's - USCG (BD00400),
rev. 6

e Wartsila Water Systems Ltd.: Aquarius EC BWMS Sizing Document (BD00385), rev. 3
e Wartsila Water Systems Ltd.: EC Operator User Guide (BD00394), rev. 5

e Wartsila Water Systems Ltd.: EC Installation Guidance (BD00252), rev. 8

e Wartsila Water Systems Ltd.: EC Control and Operating Philosophy (BD00268), rev. 4
e Wartsila Water Systems Ltd.: EC Alarm & Trip Summary (BD00309), rev. 9

e Wartsila Water Systems Ltd.: EC Control System Software Functional Description (BD00358),
rev. 5

e Wartsila Water Systems Ltd.: Alarm & Function Test (BD00281), rev. 5

e Wartsila Water Systems Ltd.: Wartsild Aquarius EC BWMS basis of process design and scale-up
(BD00349), rev. 3

e Wartsila UK Ltd.: Wartsila Aquarius EC Temperature Assessment (BD00493), rev. 1
e Wartsila UK Ltd.: EC Shipboard Testing Summary (Revised IMO G8) (BD00491), rev. 1

e Wartsila Water Systems Ltd.: Xylem and HF Scientific TRO Unit Equivalency Report (BD00422),
rev. 2

e Wartsila Water Systems Ltd.: Permascand electrolysis cell equivalency report (BD00376), rev 1

e DNV GL: Evaluation Test Report —Xylem TRO Instrument for Aquarius EC BWTS (Report No.:
262.1-017482-1-142), Rev. 0

e DNV GL: Evaluation of functional equivalence of SSR-Ex with CLX-Ex(2) TRO monitor (Report No.:
262.1-029894-]-7), Rev. 1

e DNV GL: Evaluation report - Equivalence of new ‘e’ type BS filter series with old BS filter series
by Filtersafe (Report No.: A0803585-001), Rev. 0
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5. EKO£0oe1g anoTeAsopaTwyV dokipwyv / Test reports:

Zx£310 JOKIHWV Kal avapopEG:
Test plan and reports:
e Final approval of AQUARIUS® EC Ballast Water Management System by the Marine Environment
Protection Committee (MEPC 65/22)

e DHI Denmark: Performance evaluation in land-based test facility - Aquarius EC, Final test report
of 11 September 2015

e DHI Denmark: Performance evaluation of Wartsila Aquarius EC Ballast Water Management
System in shipboard test - Shipboard test report, Final test report of 4 April 2018

e DHI: Whole Effluent Toxicity Test of the effluents from AQUARIUS EC BMWS - Brackish, high
saline and fresh water, Final test report of 8 July 2016

e PHOENIX TESTLAB: Test report (Report Number: U170239E1) - Equipment under Test (EUT):
Ballast Water Management System Project Aquarius EC, Rev. 3 of 11 June 2018

e PHOENIX TESTLAB: Test report (Report Number: U181132E1) - Equipment under Test (EUT):
6000 and 6500 Series Purge Unit, Rev. 3 of 12 October 2018

e PHOENIX TESTLAB: Test report (Report Number: U181610E1) - Equipment under Test (EUT):
6500 Purge Unit, Rev. 3 of 12 October 2018

e PHOENIX TESTLAB: Test report (Report Number: E170239E1) - Equipment under Test (EUT):
Ballast Water Management System Project Aquarius, Rev. 2 of 13 December 2017

e PHOENIX TESTLAB: Test report (Report Number: E172035E2) - Equipment under Test (EUT):
Flow monitor SI5100, Rev. 1 of 12 December 2017

e PHOENIX TESTLAB: Test report (Report Number: E172035E3) - Equipment under Test (EUT):
Pressure transmitter, Rev. 1 of 12 December 2018

e PHOENIX TESTLAB: Test report (Report Number: E172035E4) - Equipment under Test (EUT):
Gas Sensor MST Satelite XT, Rev. 1 of 17 October 2017

e PHOENIX TESTLAB: Test report (Report Number: E172035E5) - Equipment under Test (EUT):
Digital Positioner D3IGU-D23PVA-Z4SX, Rev. 1 of 12 October 2017

e PHOENIX TESTLAB: Test report (Report Number: E172035E6) - Equipment under Test (EUT):
Filter Outlet Valve NTE-O5EBC, Rev. 1 of 16 October 2017

e PHOENIX TESTLAB: Test report (Report Number: E181132E1) - Equipment under Test (EUT):
Purge System 6000 and 6500 Series, Rev. 2 of 5 December 2018

e Retlif Testing Laboratories: USCG Test Report for Marine Ballast Water Analyzer Model Number:
9017 by Xylem Analytics (Test Report No.: R-2820P), Rev. B of 28 June 2018
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