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ABSTRACT: Ballast water is taken on-board vessels into ballast water tanks to maintain vessel draft, buoyancy,
and stability. Unmanaged ballast water contains aquatic organisms that, when transported and discharged to nonnative waters, may establish as invasive species. Technologies capable of achieving regulatory limits designed to
decrease the likelihood of invasion include onboard ballast water management systems. Invasive aquatic species
discharged through ballast water is one of the most serious problems posed nowadays in the marine environment.
This review paper summarizes the emerging available technologies applied for ballast water treatment. These
technologies can be either port-based or ship-based, with the latter being easier to implement. Special emphasis
was given to onboard treatment methods, which can be categorized as physical separation, mechanical or chemical
methods. The efficiency of the methods, as well as the capacity of application and the target microorganisms,
were compiled and are presented in this review.
KEYWORDS: Ballast water treatment, emerging technology, ballast water technologies, non-indigenous species,
inactivation.
INTRODUCTION
Today, maritime activities are growing actively, the volume of goods circulated by sea accounts for about 90% of
the total volume of transport goods, accompanied by an increase in the volume of ballast water discharging the
environment [1]. Thousands of aquatic species are transported from one place to another on the sea and the ocean
through ballast water. They include microbes, bacteria, eggs, small, non-misty animals, cysts, and larvae of many
different plants and animals [2]. Other types of pollution, such as oil spills, can take measures to improve and
restore the environment, but the impact of alien species is almost impossible to recover [3]. Every year in the
world, the damage caused by alien organisms during ship ballast water circulation is up to 10 billion USD per
year, so managing and controlling alien organisms through ballast operation is very important [4]. Ballast is any
weight that is used to increase the weight or/and balance for another object. In ancient times, when the Dutch
empire invaded Indonesia, in Indonesia not yet made bricks, the Dutch built large sailboats and used bricks to
make ballast to transport goods to Indonesia and simultaneously use bricks to build houses in Indonesia. The boats
at that time only went in one direction and did not return to the Netherlands [5].
The ship used hard objects such as stone, sand, and metal to ballast for thousands of years as in the above example.
However, using such hard objects to the ballast is not convenient. In the development of ballast technology, water
was put into use to ballast instead of using such solid objects[6]. Ballast water on the ship ensures the stability of
the ship structure, ensuring balance (lowering the center of the ship, reducing the height of the center of incline,
etc.), ensuring the difference of bow and stern[7]. When ships do not carry goods or carry too few goods, water is
pumped into ballast water tanks on board. When the shiploads the goods, people flush the water again. For
example, a train runs from Vietnam, carrying rice to Japan. When arriving in Japan, all the rice is loaded onto the
port, and the water is pumped into specialized compartments to ensure stability for the ship when its journey back
to Vietnam[8][9][10]. When the ship arrived in Vietnam, the ship continued to receive rice to transport to Japan.
When loading rice on the ship, people pumped water out again. So it means that seawater has been brought from
Japan to Vietnam along with many kinds of creatures in that sea.
Currently, in most ports, the port authorities require all ships to change all the ballast water from the sea (a few
hundred nautical miles away from the shore) before bringing the ship into port, to avoid contaminating the port
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[11]. However, in terms of globalization, in the above example, the ballast water together with many kinds of
organisms brought from Japan emitted to the ocean, causing ocean pollution [12]. Water from the ocean to the
ports affects the marine ecosystem at the port area (due to the emergence of new species from the ocean) [5].
Marine species are transported and infiltrated into the new environment by carrying ballast water from ships
operating on the sea and the ocean. They can be attached to the hull, and through some other pathways are
identified as one of the significant sources of ocean threat in the world. The other three sources are marine
pollution from onshore sources, the massive exploitation of marine raw vessels, and the destruction or change of
the ocean's natural habitat [13]. Currently, the shipping industry transports 80% ~ 85% of the volume of goods
circulating worldwide, with about 3 ~ 5 billion tons of goods annually and a similar volume is transported within
the countries area[14].
Ballast water is an important factor for the safe operation of the ship. It helps ships have a stable balance when
operating in a mode with no rows or fewer rows. However, ballast water is a considerable threat to the ecosystem
and marine environment, resulting in significant consequences for human health as well as the world economy
[15]. Research by the Institute of Marine Environment and Resources shows that in ballast water there are
thousands of aquatic species such as bacteria and bacteria; eggs and small invertebrates; The follicles and larvae
exist. When ballast water is discharged into the environment, these species can develop due to changes in the
habitat, adversely affecting the ecosystem in the discharge area. Because the amount of ballast water is
considerable, often accounting for 30-40% of the ship's tonnage, the trans-oceanic fleets become the source of
dispersal of marine species. This is also one of the reasons that the sea water environment is severely polluted,
causing the risk of harm to the survival of corals, seagrass, aquatic animals in the port and sea area [16].
The International Convention on the Control and Management of Ballast Water and Ballast Water Sediments in
2004 (BWM), adopted by the International Maritime Organization (IMO) in February 2004 to deal with aquatic
species and pathogens that spread into the environment after being transported around the earth in ballast water.
These "ticket riders" can survive, thrive to become invaders, fierce competition with local creatures; and causing
tremendous and even catastrophic damages to the ecological environment where ship ballast water is
discharged[17][18][19]. The article is an overview of ballast water on ships, the effects of ballast water on the
ecosystem and the marine environment. Based on the content of the international convention, BWM has been
adopted and validated by the countries. The authors use the method of consultation with experts from research
and production facilities for ballast water treatment equipment and systems in Vietnam and around the world to
synthesize and evaluate the advantages and disadvantages of technology solutions. At the same time, this article
also provides assessments of the applicability of advanced technology solutions in handling ballast water on ships.
THE NECESSITY OF BALLAST WATER AND BWM CONVENTION
Ballast water system on ships
Improve the stability of the ship, ensure the ship is balanced, not tilted, deflected to one side. Improve performance
with thrust system.
Hydraulic ballast system used when ships load irregularly. When the ship does not carry cargo, it is necessary to
use a ballast system to pump water into the tanks, balance with the thrust of the water, avoid massive head, light
stern leading to deflection, sinking the ship.
Operation of the marine hydraulic ballast system is carried out on the orders of the deck officers and vice-captain
1 when studying the stability of the ship under actual operating conditions. After receiving an order to pump
ballast water into ballast tanks or vacuum a few corresponding ballast water tanks, the machine officer can perform
the necessary operations.
Ballast water tanks are water storage tanks used to balance ships. They are arranged evenly on the bottom of the
ship from the bow to the stern. Each tank is equipped with a measuring tube and a vent pipe.
Ballast pumps are used to suck ballast water from outside to fill ballast tanks, drain water from tanks or transfer
ballast water from one tank to another. Ships often use centrifugal pumps to have large capacity.
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The piping system and valves used to connect tanks, pump connections to the seachest.
However, ships do not have to arrange hydraulic ballast systems precisely the same. Some ships are equipped
with ballast tanks or oil tanks that are double bottom tanks (except one or two tanks on starboard and port side for
fresh water storage which are not double bottoms). Some ships have only 2 or 3 double bottom tanks, others only
one tank or more are located at the lower level making the bottom tank. All ships must have ballast tanks at the
bow and the stern. Commonly, the ballast pump and bilge pump can be used interchangeably. Besides, some ships
that pump main cooling water can use ballast pumps to change. Valve boxes of ballast and ballast pump systems
are usually located in the engine room. Valves in ballast systems are usually standard stop valves (when opened,
the valve is lifted).
Influence of ballast water and ballast water treatment requirements
One of the most typical examples is the Black Sea. A species of voracious crested jellyfish (Mnemiopsis leidyi)
originating in North America has wiped out herds of fish, destroyed commercial fisheries and affected the entire
marine ecosystem. Through a "ride" of ships from the US Atlantic coast in 1982, crested jellyfish eat both
zooplankton, food of high-value fish species in the Black Sea, eggs and larvae of fish. Without meeting a
"formidable opponent" in the new place, jellyfish proliferate at an alarming rate. By the mid-1990s, they accounted
for 90% of all Black Sea residents, where there were more fish and shrimp than all the seafood caught annually
worldwide. Moreover, then, the jellyfish quickly expanded their territory to neighboring Azov waters.
The invasion of crested jellyfish has caused the Black Sea commercial seafood industry to be exhausted in a few
years. The once prosperous seafood industry has lost about a billion dollars since the days of the jellyfish.
Moreover, the fish industry in the Azov waters, already under pressure from widespread pollution and catching,
collapsed completely. The fate of more abundant species is also not much better: The number of dolphins also
decreased sharply because their primary source of food is fish no more. The entire ecosystem is broken because
jellyfish are also the cause of the reduction of oxygen in the Black Sea. Dr. Erkki Leppakoski, the world strange
creature expert from Abo Akademi University (Finland), said: "This catastrophe is a warning to the international
shipping community about the risk of water ballast discharges in foreign waters."

Figure 1: Ballast water treatment systems[13]
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Strange plants also can destroy no less than invasive animals. In Australia, Undaria pinnatifida - some brown
algae with broad leaves - is rapidly invading new areas and gradually replacing local seagrass communities, which
are the basis of feeding and Feed food for many high-value commercial crustaceans and fish. Also, the appearance
of exotic species may adversely affect human health. In the Philippines, strange algae have "exploded" several
times, causing red tide phenomenon. The algae and the highly toxic substances they produce during development
are absorbed into the body of the shellfish. When eating poisoned seafood, poison can cause paralysis, even death.
When marine invasive species enter a new ecosystem, the consequences they cause are often irreversible.
Therefore, the transportation of ballast water and invasive species at sea seems to have become the most significant
environmental challenge facing the global shipping industry. Tveteraas explains: "The shipping industry must
participate in the struggle for a sustainable future. Moreover, to do this, we must quickly eliminate the risk of
environmental disasters caused by not treating ballast water. The best solution is to ban untreated ballast water. "
BWM Convention
International Convention on the Control and Management of Ballast Water and Sediment in 2004 (BWM),
approved by the International Maritime Organization (IMO) in February 2004, to address aquatic species and
germs. Causing disease to spread into the environment is not their homeland, after being transported around the
earth in ballast water. These "ticket riders" can exist, thrive to become invaders, fierce competition with local
creatures and cause significant damage, even disaster, for the ecological environment where ballast water is
discharged. The Convention will come into effect 12 months after the 30 countries with a total fleet capacity of
not less than 35% of the total volume of world fleet approved for participation.
The BWM Convention officially came into effect on September 8, 2017, marking a turning point in the prevention
of the spread and penetration of aquatic species that could destroy native ecosystems, photographs. Enjoy
biodiversity and significant damage to the economy. The spread and penetration of aquatic species have been
identified as one of the greatest threats to the global ecology and economy. These species are causing significant
damage to valuable biodiversity and natural resources, directly and indirectly affecting health and environmental
damage. The Convention will have a significant impact on the Vietnamese fleet, which is operating
internationally. Currently, Vietnam has 555 ships carrying the decentralized operation of international routes.
Under the provisions of the BWM Convention, if the ship operates in the territorial waters of the State Party of
the Convention, it must comply with the provisions of the Convention, especially in compliance with the
regulations on ballast water management systems (BWMS) and granted International Ballast Water Management
Certificate
Emerging ballast water treatment technologies
The main types of ballast water treatment technologies available in the market are: Filtration Systems (physical),
Chemical Disinfection ( oxidizing and non-oxidizing biocides), Ultra-violet treatment, Deoxygenation treatment,
Heat (thermal treatment), Acoustic (cavitation treatment), Electric pulse/pulse plasma systems, Magnetic Field
Treatment. A typical ballast water treatment system on board ships uses two or more technologies together to
ensure that the treated ballast water is of IMO standards.
Use inert gas to treat ballast water
Coldharbour Marine GLD's advanced ballast water treatment system will be marketed worldwide. Adarsh
Marshall, CEO Coldharbour Marine, said the company's ballast water treatment system is the only system on the
market that uses a treatment method in tanks with inert gas, thanks to the set of air diffusers. Specially designed,
installed in ballast water tanks. According to Marshall, the system is designed to meet the rigorous requirements
of large vessels such as tankers [19], ore carriers, and liquefied gas vessels. Coldharbour's system is designed to
handle ballast water during travel, unlike other systems, handling during loading or discharging ballast water. For
that reason, this system does not interfere with loading and unloading operations at ports. With such a working
principle, the system has several advantages such as eliminating the filtering process, without a sudden drop in
pressure, without additional power, without increasing the workload of the crew. At ports and most importantly,
not violating ballast water control laws at seaports. Besides, with the use of inert gas, the system allows the crew
to spend less time and effort in maintenance. Coldharbour Marine GLD ship ballast water treatment system will
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be on display at the APM 2016 fair in Singapore this March. Besides, the company is focusing on developing new
technologies such as inert gas plants explicitly designed for liquefied petroleum gas carriers.

Figure 2: Using inert gas for Ballast water treatment system [20]
Ultra-violet treatment technology
The AQUARIUS® UV Ballast Water Management Systems (BWMS) (Wartsila) is a ballast water pump system.
The system is applied to new technology by using ultraviolet (UV - ultraviolet irradiation). The machine works
through two stages of filtering along with UV light. In the process of pumping water into the ship, seawater is
passed through the screen to remove dust, sediment, animal, and phytoplankton. Next is the disinfection stage
with the medium voltage UV lamp; the process is controlled by the BWMS system. After that, seawater is then
sterilized a second time with UV rays before being released to the ocean. The system is designed with many
assembly blocks so that it can be arranged to match the ship's engine room space [21]. There are 13 standard
pumps in assembly form, with a variety of pump capacities ranging from 50m3 to 1,000 m3/h.
In 2018, the Vietnam Maritime University research team successfully researched, manufactured, and tested ballast
water management systems to equip ship ballast water management systems for ships in Vietnam. Based on the
advantages and disadvantages of ballast water treatment methods, the research team proposed to treat ballast water
with ultraviolet technology. This technology consists of 2 stages: Primary filter to increase efficiency for UV
treatment and UV ballast water treatment according to the ballast water treatment (D2) standards of the World
Maritime Organization (IMO ) [22].
The results of the research, selection, processing ... were tested on Thai Binh 02 ship by VTB Company Hoa Ngoc
Lan, Quang Ninh. The ballast water management system was tested with 3 capacity levels of 50%, 75%, and
100%. For each performance level, take 10 samples of ballast water during the pumping process (sample D2
ballast water sample) and 30 samples of ballast water on the discharge line from the treatment tank (water sample
D2 ballast water sample). Accordingly, at each capacity level of 50, 70, 100%, water samples are sent for analysis
and testing at the Marine Environmental Monitoring and Analysis Center. The results showed that the indicators
met IMO standards. After conducting system testing, the author's group completed the design and operation
techniques of the system. For the operation of the system, the authors have put in place a standard operating
procedure, then operated with three operating modes of the system, including Ballasting, Ballasting, and Bypass
modes.
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Figure 3: TLC_BWM water management system using ultraviolet technology[23]
TLC-BWM ballast water management system is the result of 5 years of research and development by Thao Linh
Marine Technology Development Co., Ltd. with the combination of scientists from Vietnam Maritime University.
The system uses filtering technology in combination with UV treatment; the treatment of the system is highly
effective in killing marine organisms and bacteria before discharging water into the outside environment. With
100% natural treatment technology, the system can effectively disinfect aquatic organisms and harmful pathogens
in the water without creating any hazardous substances during ballast and ballast discharge.

Figure 4: Functional diagram of TLC-BWM ballast water system[24]
Ultrasonic treatment technology
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The ultrasonic treatment system is effective in killing bacteria, plankton, and larger organisms. Ultrasonic
disinfection of ballast water is a mechanical/physical treatment method, which avoids the use of expensive and
powerful active chemicals in ballast water. This ensures the ideal acceptance of the environment combined with
high biological efficiency regarding the destruction and inactivation of organisms and animals and plants in ballast
water. Treatment of ultrasonic ballast water is a mechanical/physical method, avoiding the use of toxic and
expensive chemicals. The shock pressure of the bubbles will kill small organisms and microorganisms. Several
studies have demonstrated that ultrasound achieves a high level of biological efficiency for bacteria and viruses.
High-power ultrasonic waves create air bubbles in the liquid, leading to high shear forces and high stresses. When
high-intensity ultrasound has interacted with liquid walls, sound waves propagate into the liquid environment
resulting in alternating high-pressure and low-pressure cycles, at speeds depending on the frequency. During the
low-pressure cycle (dilution), high-intensity ultrasound creates small vacuum bubbles or pores in the liquid. When
bubbles reach a volume at which they cannot absorb energy anymore, they will burst simultaneously in a highpressure cycle (compression phase). This phenomenon is called intrusion. During the explosion, the temperature
is very high (about 5,000K), and pressure (about 2,000atm) is achieved locally. The burst of foaming bubbles also
leads to water jets of up to 280m / s. This powerful bubble formation and explosion leads to ultrasonic
hydrodynamic and oscillating shear forces, disrupting the cell walls of organisms - killing them effectively.

Figure 5: Ultrasonic treatment technology from Hielscher[25]
Electrolytic treatment technology
Hanla IMS has developed an eco-friendly EcoGuardian ™ system to treat invasive aquatic organisms. The
treatment method is partial electrolytic separation, which helps the system to be customized to install near or far
from the pipeline. The EcoGuardian ™ system can be individually installed, resulting in the minimum removal
of other equipment and space optimization. Filter with automatic washing function can filter organisms or solids
more significant than 50 μm — automatic cleaning when detecting pressure difference between input and filter
output. Automatically separates the flow from the main pipe then electrolysis is TRO (Total oxidation excess).
TRO is then pumped back to the pipe to kill microorganisms. Electrolytic parts (including electrolytic cells,
rectifiers/transformers, booster pumps, conductivity sensors, and degassing devices) produce disinfectant sodium
hypochlorite solutions for organisms bottom, pathogen, larvae or spores. The neutralizing part adds sodium
thiosulfate solution to treated ballast water to neutralize excess TRO during ballast water discharge. TRO
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concentrations reach a maximum of 9.0 mg / L when performing ballast. Maximum TRO concentration of 0.2 mg
/ L when performing ballast discharge Control system includes PLC, HMI, and auxiliary equipment.

Figure 6: Ballast water treatment system with electrolytic technology[14]
In the process of pumping water out of the ballast tank, water only needs to pass through the neutralization unit
to handle the residual TRO. The neutralizer used is common sodium thiosulfate, which is sprayed and mixed with
water in the pipeline. The amount of sodium thiosulfate injection is controlled by monitoring the flow rate and
residual TRO concentration. Two TRO sensors are used to measure residual TRO concentrations at two points,
before and after neutralization. TRO sensor before neutralizing unit is used to measure residual TRO
concentration, and then the EcoGuardian ™ controller determines the amount of neutralizing agent introduced
into the tube. TRO sensors remain after neutralizing to check if the water is neutralized correctly and the system
self-calibrates if necessary. EcoGuardian ™ neutralizer maintains maximum allowable concentration [Maximum
Allowable Discharge Concentration (MADC)] of 0.2 mg / L TRO for Cl2. Complying with this condition, the
sodium thiosulfate dose was set based on the stoichiometric ratio of TRO with sodium thiosulfate at a ratio of 1:
2. Sodium thiosulfate was injected into the system so that the apply quickly neutralized the residual in the water
in the pump impeller.
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Figure 7: Overview of EcoGuardian ballast water treatment system[3]
In the process of pumping water into ballast tanks, water is automatically filtered for organisms and solids> 50μm.
This filter is installed directly into the main pipe. From the main road, the water is partially diverted through the
electrolysis section, where electrolyzed water produces high concentrations of sodium hypochlorite. After that,
the water is pumped back to the main pipe to continue to enter the ballast tank. This concentration reaches a
maximum of 9 mg / L TRO with Cl2, which is controlled by a TRO continuous sensor, i.e. the EcoGuardian ™
system controls electrolyte current based on the TRO sensor's return signal. EcoGuardian's electrolytic unit is
designed to work with water with 10 PSU or more salinity. In the case of low salinity water, the vessel can use
water from the tank on the vessel, since the system uses very little water (only less than 5% of the main pipe). A
by-product of the electrolysis process is hydrogen gas, which is a gas that can cause an explosion, so it should be
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separated as soon as possible after electrolysis. Hydrogen gas is separated by a separator and is reduced to less
than 1% by blowing in the air. Finally, the hydrogen is removed from the ship. The lower explosion limit of Hydro
is 4% Vol, so applying a safety level of 4 times is appropriate[26].
Use solutions that combine filtration and UV
With the ballast water treatment system that does not contain OPS chemicals and the bilge water separator device
known to MPEB, Mahle provides reliable onboard systems that comply with the latest marine environmental
regulations of International Maritime Organization (IMO). Since the IMO issued regulations on ballast water
treatment (BWT) with the International Convention on the Control and Management of Ballast Water and
Sediment in 2004, many technologies for ballast water treatment have been introduced and develop. After a few
years of experimentation and currently gaining more practical experience, it is clear that the solution to useful and
economical treatment is filtering during ballast water treatment. Not only because of the convention declaring the
elimination of sediments, but also towards eliminating organisms with environmentally friendly mechanical
technology, there is no way to operate without active filters. According to the expert on filtering solutions, Mahle
now provides one of the most effective systems for ballast water treatment according to IMO D2 standard, proving
that there are no remaining organisms in ballast water discharge lines in the Testing on land and sea.
OPS ballast water treatment system: Mahle's three-step ballast water treatment system "OPS" acts as an inline
system during ballast discharge and discharge. During suction, the first treatment step is a preliminary filter to
separate elements more significant than 200 200m, followed by a second filtration to separate elements higher
than 50 μm. With this preliminary treatment, sediments and most organisms are removed from the ballast water.
Sludge from the self-cleaning process will be discharged at the same place where the ballast water is taken on
board — processing at complete suction by disinfection via ultraviolet (UV) light with low-pressure lamp. The
success factor in this process is that self-cleaning filters are designed for continuous filtration and to ensure low
flow velocities with low pressure, less maintenance, and less wear. Continuous test results show that these filters
eliminate over 90% of organisms higher than 50 μm and over 60% of large organisms from 10 to 50 μm. At
installation on the ship, we found that the sludge and residues in ballast water tanks of a 17-year-old ship were
removed using OPS for a certain period - not necessarily. Clean containers before using OPS[24].
Continuous test results show that these filters eliminate over 90% of organisms higher than 50 μm and over 60%
of large organisms from 10 to 50 μm. At installation on the ship, we found that the sludge and residues in ballast
water tanks of a 17-year-old ship were removed using OPS for a certain period - not necessarily. Clean containers
before using OPS[27]. After this effective filtration process, OPS uses UV lamps to emit a particular 254 nm
wavelength to disinfect with the following key benefits: Deficient power consumption (only 20% of consumption
compared to standard pressure), low operating (operating) temperature in UV lamps, eliminating 100% of all
essential organisms, life expectancy UV lamps are long (nearly six times the normal pressure). UV lamps are
automatically cleaned with a cleaning solution filtered after each stage and can be used for many cleaning
processes. No mechanical scrapers needed. Experience in using this technology shows that economic and reliable
processing can be performed for seawater, brackish water, and fresh water without changing water parameters,
for example as PH value. The following benefits can be realized during ship operation: Safety for crews, easy and
straightforward operation, low maintenance, and low operating costs.
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Figure 8: OPS ballast water treatment system[2]
Treatment of ballast water by filtration combined with electrochemical
For systems and beneficial solutions. Over the years, RWO GmbH has developed CleanBallast®, an expandable
ballast water treatment system based on two processing settings: disc filtration and then electrochemical
sterilization. So far, this system has been installed on 20 ships, and many contracts are currently under
negotiation[28]. CleanBallast® processing system consists of 2 main parts: Filter discs (disc filters) to remove
larger particles, residues, and organisms. EctoSys® advanced electrochemical sterilizer to reduce the number of
remaining organisms and smaller bacteria effectively. The system is controlled by a PLC (programmable logic
controller) and can be monitored on-site or remotely monitored from the ship's command post. This allows the
operation sequence, notification, and alarm status - if available - to be monitored. Also, the tablet records the data
in place as required in the instructions of the International Maritime Organization (IMO). System control software
allows some limited values to be adjusted. Certain values are set by RWO during production and commissioning,
while users with appropriate professional competence can change others. In order to ensure that unauthorized
employees do not change the values of the system, some safety levels have been implemented. While sucking
ballast water, CleanBallast® system treats water in two steps: EctoSys® disc and disinfection before water is
pumped into ballast water tanks as required. The return of organisms in ballast water containers can occur during
the ship's journey to the next port of call. Therefore, during de-ballast removal, the filter plates are ignored, and
only EctoSys® sterilization is reused.

Figure 9: Ballast water treatment system CleanBallast[29]
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CONCLUSION
In the structure of a ship, ballast water plays a significant role in the stability, safety, and convenience of ships
when operating on the sea as well as loading and unloading. During the 71st session from July 3-7, 2017 of the
Marine Environment Protection Commission (MEPC), IMO decided to delay the application of this regulation for
2 years for existing ships. Time for ship owners to equip the ballast water treatment system when entering the
participating countries in the international convention BWM is not far away, and the deadline is 2020. Research
and design using new technologies to treat ballast water in Vietnam are more urgent than ever. The paper assessed
the strengths and weaknesses of each ballast water treatment technology, thereby orienting the development
directions to localize the advanced ballast water treatment technologies mentioned above.
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