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Ballast Water Management Systemsfor Tankers
 INTERTANKO Ballast Water Workshop
 Debra DiCiannaSenior Environmental Solutions Engineer
 New York, New York9 May 2014
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2
 Overview
 Ballast Water Management System (BWMS) Approvals
 Statistics on BWMS
 Ballast Water Treatment Technology
 Concerns and Safety Issues
 Important Issues for Tankers
 Limitations of Systems
 Options for Tankers
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 Type Approved BWMS
 Ballast Water Management Systems No. of SystemsAvailable or In-Development 70+Type Approval Certificate verifying compliance with MEPC.174(58) ~48*
 Type Approved BWMS – Explosion Proof 5IMO Final Approval 6IMO Basic Approval 20USCG Type Approval 0USCG AcceptedAlternate Management System (AMS) 34 BWMS by 33 manufacturers
 * The number reflects verified approvals for a BWMS manufacturer – not the number of specific models approved and excludes 1 system removed from the market
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 BWMS for Use in US Waters
 USCG Type Approved BWMS
 USCG accepted Alternate Management System (AMS)A bridging strategy to address the fact that foreign Type Approved BWMS are being installed prior to USCG compliance dates
 USCG Accepted AMS – 34 BWMS by 33 ManufacturersAquarius™-UVAquaStar™ARA PLASMABalClor™BallastMaster UltraVBALPURE®
 BIO-SEA®
 Blue Ocean ShieldBSKY™CleanBallast®CrystalBallast®EcoBallastEcochlor®
 Electro-Cleen™ERMA FIRSTGloEn-Patrol™HiBallast (including Ex Models)Hyde GUARDIAN™ JFE BallastAce®
 KBALMICROFADE™MMC BWMSNEI VOSNiBallast™NK-O3 BlueBallast®
 Ocean Protection SystemOceanGuard™OceanSaver®
 OptimarinOxyCleanPureBallast
 (Models 250 to 2500 and2.0/2.0Ex)
 Purimar™Smart Ballast
 As of 14 April 2014
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5
 BWMS Statistics
 CategoryAll Type
 Approved BWMS
 USCGAMS
 No. of BWMS 48 34No. of BWMS requiring treatment during intake and de-ballasting 45 33
 No. of BWMS using active substances 27 19No. of BWMS requiring storage of chemicals 23 15No. of BWMS requiring storage of waste products 1 0Maximum Capacity (m3/hr)* 16,200 16,200
 *Maximum capacity only includes specific models listed in documentation.
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 BWMS: Without Filtration
 Five IMO Type Approved Systems do not use any type of separation technology
 Treatment technologies included:Electrolytic ChlorinationOzoneDeoxygenationVacuum Reactor + UV
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 Concerns & Issues for Treatment Technologies
 Treatment Method Possible Concerns/Issues
 Filter
 Clogging
 Pressure drop
 Reliability of the mechanical components
 Restrictions for piping system
 Backflushing impact on ballasting
 Reliability for corrosion
 Water hammer
 Damage by physical substances in ballast water
 Spare parts for moving components
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 Disinfection Technologies on BWMS
 02468
 1012141618
 IMO Type Approved USCG AMS
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 TreatmentTechnology Possible Concerns/Issues
 Electrochlorination
 Generation of hydrogen, chlorine and possibly other flammable gasesLife and maintenance of electrodes
 Corrosion
 Significant centralized DC power (i.e., heat)
 Neutralization for discharge
 Storage of neutralizing agents
 Concerns & Issues for Treatment Technologies
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 Concerns & Issues for Treatment Technologies
 Treatment Technology Possible Concerns/Issues
 Chemical
 Application
 Storage, supply and leakage of chemicals
 Piping system for chemical transfer
 Ventilation of the storage tank or space
 Temperature control of storage tank or space and ventilationFire extinguishing system
 Generation of hydrogen, chlorine and other possible flammable gasesNeutralization for discharge
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 Concerns & Issues for Treatment Technologies
 Treatment Method Possible Concerns/Issues
 Ozone
 Ozone generation and leaks
 Generation of hydrogen, chlorine and possibly other flammable/toxic gasesCorrosion of coatings
 Neutralization for discharge
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 Concerns & Issues for Treatment Technologies
 Treatment Method Possible Concerns/Issues
 UV
 High replacement cost for UV lamp
 Disposal of UV lamps
 Pressure loss
 Possible damage by water hammer
 Exposure to UV light
 Heat
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 Concerns & Issues for Treatment Technologies
 Treatment Method Possible Concerns/Issues
 Deoxygenation
 Restriction on access to ballast water tank due to inerting tank
 Need for precise inert conditions
 Special consideration for isolation, interlocks, and controls
 Significant amount of time for lethality of organisms
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 Important Issues for Tankers
 Ballast water pumping rate
 Installation locationsHazardous or non-hazardous issues
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 IMO Type Approved BWMS Model Capacities
 0
 5
 10
 15
 20
 25
 No.
 of S
 yste
 ms
 BWMS Capacity (m3/hr)
 OzoneDeoxygenationOxidationUVFlocculationChlorination
 Shaded area denotes tanker flow rates.
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 Explosion Proof Type Approved BWMS
 Explosion-proof version tested for Type ApprovalComponents have been specifically engineered to meet the requirements of explosion proof equipment
 BWMS with Explosion Proof Type Approval:AquaStar™ manufactured by AQUA Eng. Co., Ltd.
 – Intake – filtration and electrolytic disinfection– De-ballasting – neutralization
 Electro-Cleen™ manufactured by Techcross Inc.– Intake – electrolytic disinfection– De-ballasting – neutralization with sodium thiosulfate
 HiBallast manufactured by Hyundai Heavy Industries Co., Ltd.– Intake – filtration and electrolytic disinfection – De-ballasting – neutralization with sodium thiosulfate
 PureBallast 2.0 EX – manufactured by Alfa Laval Tumba AB– Intake – 40/50-µm filtration and Advanced Oxidation Technology (AOT) (UV treatment in
 combination with TiO2 catalyst)– De-ballasting –– AOT
 Purimar™ manufactured by Samsung Heavy Industries Co., Ltd.– Intake – 50-µm filtration and electrolytic disinfection– De-ballasting – neutralization with sodium thiosulfate
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 Limitations of BWMS
 Limitations for operation of BWMS are listed in IMO Final Approval documents, Type Approval Certificates and USCG AMS acceptance letters
 SalinityTemperatureUV intensityDosageHolding time
 IMO has recently addressed the need for consistent information and more robust and transparent type approvals
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 Salinity Limitations
 USCG AMS acceptance letters limitations:Only 4 AMS are accepted for use in Freshwater (< 1 PSU)AMS have various salinity limitations (i.e., > 3 PSU, > 10 PSU)Salinity limitation in AMS cannot be by-passed by using separate salinity source for electrochlorinationAMS limitations are a function of when testing was conducted and limited testing in freshwater for earlier approved BWMS
 Administration Type Approvals limitations:Examples of Salinity Limitations
 > 10 PSU
 System switches to high salinity source when salinity meter measure less than 3 PSU
 Minimum Salinity 3 PSU
 >15 PSU
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 UV Limitations
 UV Transmittance Limitations
 45% (10 mm) minimum UV transmittance at 254 nm
 UV Intensity Meter: 10.39 –150 W/m2; Intensity below 10.39 implies BW not treated in accordance with TA
 UV-Intensity Minimum Level: 100 mJ/cm2
 Minimum Radiation Dosage of: 83% (250 m3/h), 85% (50 m3/h), and 93% (1500 m3/h).
 UV Intensity Meter: 100 – 2500 W/m2; Intensity below 100 implies BW not treated in accordance with TA
 UV Intensity Meter: acceptable minimum limit 43 mJ/cm2 at 200 m3/h and 100 mJ/cm2 at 600 m3/h; Intensity below minimum limit implies BW not treated in accordance with TA.
 Maximum UV lamp run time of 3000 hours
 UV intensity below lower limit, corresponding to an UV transmission of 50% for these systems, implies that the BW is not treated in accordance with this certificate
 Most Type Approval certificates for BWMS with UV contain specific requirements for UV transmittance and dosage
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 Other Limitations
 Temperature LimitationsVarious Type Approval certificates contain specific temperature limitations
 Holding Time LimitationsSome Type Approval certificates contain specific required holding time prior to discharge (i.e., 48 hours, 96 hours)
 Examples of Temperature Limitations
 15 - 35 °C; 15 °C minimum temperature
 0 - 50 °C
 Less than 40 °C
 Minimum Water Temperature 5 °C
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 ABS-Classed Vessels with BWMS
 0
 10
 20
 30
 40
 50
 60
 As of 31 August 2013
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 Breakdown of Installations on Oil Carriers
 Filtration + UV (4)
 Filtration + Chlorination (0)
 In-Line Electrolysis (10)
 Filtration + Side-Stream Electrolysis (15)Deoxygenation (4)
 Ozone Treatment (16)
 Filtration + Oxidation (1)
 50 BWMS installed on ABS-Classed Oil Carriers
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 BWMS Installed on Tankers
 BWMS Treatment Unit Flow Rates
 AquaStar™ INTAKE - FILTRATION, ELECTROLYTIC DISINFECTION; DE-BALLASTING – NEUTRALIZATION 200 – 5,000 m3/h
 BALPURE® INTAKE - FILTRATION, ELECTROLYTIC DISINFECTION, CYCLONE-TYPE DEGAS SEPARATOR; DE-BALLASTING – NEUTRALIZATION with SODIUM BISULFITE
 500 – 5,000 m3/h
 BSKY INTAKE - FILTRATION (HYDROCYCLONE, ULTRASONIC PRE-FILTER), UV DISINFECTION;DE-BALLASTING - ULTRASONIC, UV DISINFECTION
 100 – 6,000 m3/h
 CleanBallast® INTAKE - FILTRATION; EctoSys® ELECTROLYSIS DISINFECTION; DE-BALLASTING - EctoSys® ELECTROLYSIS DISINFECTION, OPTIONAL NEUTRALIZATION with SODIUM THIOSULFATE
 150 – 3,750 m3/h
 Electro-Cleen™ INTAKE – ELECTROLYTIC DISINFECTION; DE-BALLASTING – NEUTRALIZATION with SODIUM THIOSULFATE 150 – 8,000 m3/h
 OceanSaver®
 Ballast Water Treatment System
 INTAKE - FILTRATION AND ELECTROLYTIC DISINFECTION WITH OPTIONAL NITROGEN SATURATION (I.E., DEOXYGENATION); DE-BALLASTING - NEUTRALIZATION WITH SODIUM THIOSULFATE
 250 – 1,000 m3/h
 Purimar™ INTAKE - FILTRATION, ELECTROLYTIC DISINFECTION; DEBALLASTING – NEUTRALIZATION with SODIUM THIOSULFATE 200 – 6,500 m3/h
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 BWMS Installed on Tankers
 BWMS Treatment Unit Flow Rates
 HiBallast INTAKE - FILTRATION, ELECTROLYTIC DISINFECTION; DE-BALLASTING - NEUTRALIZATION (SODIUM THIOSULFATE) 500 – 8,000 m3/h
 Hyde GUARDIAN™
 IN-TAKE - FILTRATION AND UV DISINFECTION;DE-BALLASTING – UV DISINFECTION 60 – 6,000 m3/h
 KBAL Ballast Water Management System
 INTAKE - PRESSURE VACUUM REACTOR, UV DISINFECTION; DE-BALLASTING - PRESSURE VACUUM REACTOR, UVDISINFECTION
 50 – 3,000 m3/h
 N.E.I. VOS™
 INTAKE - VOS STRIPPING GAS GENERATOR (SGG) PROVIDES LOW OXYGEN INERT GAS, VENTURI INJECTORS (INERT GAS MIXED WITH BALLAST WATER), CAVITATION; DE-BALLASTING - OXYGENATION OF BALLAST THRU VENTURI INJECTORS, TANKS FILLED WITH INERT GAS
 100 – 6,500 m3/h
 NK-O3 BlueBallast®System
 INTAKE - OZONE INJECTION; DE-BALLASTING - NEUTRALIZATION WITH SODIUM THIOSULFATE 250 – 8,000 m3/h
 OceanGuard™ INTAKE - FILTRATION, ADVANCED ELECTROCATALYSIS ENHANCED OXIDATION WITH ULTRASONIC TECHNOLOGY 30 – 10,000 m3/h
 PureBallastINTAKE - FILTRATION AND ADVANCED OXIDATION TECHNOLOGY (AOT) (Ultraviolet Treatment in combination with TiO2 catalyst); DEBALLASTING – AOT
 250 – 3,000 m3/h
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 Technical Specifications of BWMS
 BWMS Unit Flow Rates Footprint (m2) Power (kW) Weight (kg)
 AquaStar™ 200 – 5,000 m3/h 1.9 – 5.3 28 – 400 1760 – 13600
 BALPURE® 500 – 5,000 m3/h 7.2 – 18.4 20 - 157 No Values
 BSKY™ 100 – 6,000 m3/h 1.8 – 6.3 7.8 - 90 1250 - 13170
 CleanBallast® 150 – 3,750 m3/h 5.5 – 51.6 No Value Reported 1605 – 11300
 Electro-Cleen™ 150 – 8,000 m3/h 6.53 – 25.2 7.1 – 542 1013 – 9669
 HiBallast 500 – 8,000 m3/h 4.72 – 13.86 25 - 400 1700 - 9700
 Hyde GUARDIAN™ 60 – 6,000 m3/h 2.1 – 16.3 10 – 114 441 – 5700
 N.E.I. VOS™ 100 – 6,500 m3/h 3 – 14.2 29 – 226 1915 - 7827
 KBAL BWMS 50 – 3,000 m3/h No Value Reported No Value Reported No Value Reported
 NK-O3 BlueBallast® 250 – 8,000 m3/h 4.2 – 36.8 36.2 – 613.8 2636 - 26,461
 OceanGuard™ 30 – 10,000 m3/h 0.14 – 2.6 2 – 150 No Value Reported
 OceanSaver® 250 – 1,000 m3/h No Value Reported No Value Reported No Value Reported
 PureBallast 250 – 3,000 m3/h 2.4 – 4.1 No Value Reported 1296 – 2936
 Purimar™ 200 – 6,500 m3/h 6 – 30.2 26 - 224 No Value Reported
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 Final Points
 Various options for tankers
 Need to evaluate available spaces for installation options
 Comparison of various items (i.e., specifications, limitations, costs, side effects) necessary when evaluating systems
 Important to review data and ask vendors questions
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