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Ballast water is essential for ship operation. However, it also carries potential risks of contamination and 
disease transmission. The Ballast Water Management Convention (BWMC) was introduced by the 
International Maritime Organization (IMO) to minimize the transfer of pathogenic microorganisms to 
ecologically sensitive marine areas, through ballast of ocean-going ships. Therefore, thorough research and 
analysis of ballast water treatment technologies are essential. This paper summarizes the existing 
technologies applied for ballast water treatment. These technologies can be port-based or ship-based, with 
the latter being easier to implement. Particular attention is given to onboard processing methods, which can 
be classified as physical separation, mechanical or chemical methods. This work describes recent ballast water 
treatment studies from the scientific and academic communities since the last IMO Convention in 2004, and 
the treatment methods that have been approved by the IMO substantially and ultimately. We have examined 
the various methods currently available in scientific means for ballast water treatment and we conclude that 
standardization of ballast water treatment still has to be done to ensure IMO Standards. 
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1. INTRODUCTION

Economic globalization is an inevitable trend, covering most fields and 
attracting many countries to participate (Zaucha and Kreiner, 2021; 
Hoang et al., 2021). In the process of integrating into the world economy, 
many complex issues are raised, including the field of marine 
environmental protection (Vo et al., 2021). The transportation of the 
international shipping fleet is considered the main source of pollution for 
the marine environment (Karim, 2016; Chu, 2020). Especially in the 
context of the ongoing Covid-19 pandemic, which has a lot to do with 
global climate change (Thomas, 2021; Hoang et al., 2021; Olcer et al., 
2021). The first threat comes from oil spills due to marine accidents; a few 
tens to hundreds of tons of oil are poured into the sea from these accidents 
(Bui and Pham, 2018). Oil spills pollute the marine environment, seriously 
affecting ecosystems (Nizetic et al., 2021). To deal with oil spills, many 
different methods can be applied such as (1) Physical methods (recovery 
by floating buoys (booms) and skimmers), recover oil by using specialized 
equipment for collecting contaminated material or using absorbent 
materials); (2) Chemical method (dispersing oil at sea by chemical 
substances (dispersants, surfactants, coagulants...), burning in place or 
moving to another location for treatment); (3) biological method (using 
microbial products that stimulate the growth and development of some 
oil-degrading microorganisms, the hydrocarbon source of the oil will be 
used as the sole carbon source, or hydrocarbon degradation products of 
microorganisms as a source of substrates for the growth of other 
microorganisms) (Hoang et al., 2018; Hoang and Pham, 2018; Chau, 2018; 
Tawaha et al., 2018; Huynh et al., 2021). 

The second threat comes from emissions from the engines of the ships 
(Pham and Hoang, 2019). Marine transportations are one of the man-made 
sources that contribute significantly to air pollution (Pham and Hoang, 
2020). According to US government statistics, ships are the main reason 
responsible for two-thirds of SO2 emissions in the transportation industry 
in 2002, the lack of control measures will cause this rate to reach 98% by 
2020 (Chau et al., 2020; Cao and Pham, 2019). Diesel engines, especially 
large marine diesel engines, using low-quality fuel with high sulfur 
content, when burning with air in the combustion chamber, will create 
different burning products (Nizetic et al., 2021; Nguyen and Duong, 2020). 
Due to the serious impact of diesel engine exhaust on human health and 
many adverse impacts on the living environment, the World Maritime 
Organization (IMO) has introduced mandatory standards in MARPOL's 
Annex VI 73/78, revised in 2008, 2010 in order to regulate the content of 
hazardous substances in the exhaust gases of diesel engine (As, 2009; Tran 
and Le, 2020; Doan et al., 2021). To meet the requirements of Annex VI, 
ships can apply the following two methods: (1) Primary method: Direct 
impact on the combustion space and engine combustion, so the new 
technologies are developed and applied to improve combustion; (2) 
Secondary method: impact on exhaust gas (gas after combustion) and 
technologies applied to treat exhaust gas (Murugesan, 2021; Nayak et al., 
2022; Nizetic et al., 2020; Truong et al., 2021; Nizetic et al., 2021; Tran et 
al., 2020; Al-Tawaha et al., 2019). 

With about 90% of global cargo transported by sea, lead to the increased 
volume of ballast water released into the environment has led to the rising 
in alien organisms in oceans around the world (Li et al., 2021). To prevent 
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the entry of alien organisms in the ballast water environment transported 
by ships from other sea areas, affecting the ecosystem, economy, human 
health and enhancing environmental protection measures, in the maritime 
domain, IMO ratified the BWM Convention on February 13, 2004, and the 
Convention met the conditions to enter into force on September 8, 2017 
(Outinen, 2021; Nguyen, 2020). Until now, 63 countries with fleets 
accounting for 68.51% of the world's total tonnage have joined the 2004 
BWM Convention. It is a real challenge for shipowners in terms of 
implementing treatment systems of ballast water management to ensure 
compliance with the BWM convention 2004 (Nguyen et al., 2021; David et 
al., 2015). 

BWM Convention 2004 stipulates the responsibilities and obligations of 
member countries in management, of shipowners in controlling and 
equipping management equipment as well as providing specific indicators 
on standards of ballast water, is allowed to be discharged into the sea 
(number and size of marine organisms, plankton, bacteria) ... to protect 
and ensure ecological and economic safety for living sea species; as well as 
to not affect or cause damage to its environment, human health, property 
or other resources of own country or other countries (Lakshmi et al., 2021; 
Nguyen, 2020). The Ballast Water Management Convention ratified by 
IMO in 2004 sets out two standards for the treatment and discharge of 
ballast water on ships, D1 and D2. Standard D1 is for ballast water 
exchange and specifies the volume of water to be replaced. Standard D2 is 
used as a reference for the approval of ballast water treatment systems 
and specifies the level of viable biological organisms remaining in ballast 
water after it has been treated (Lakshmi et al., 2021; Do et al., 2020). 
According to the provisions of the BWM Convention 2004, from 
September 8, 2017, all new ships built (after September 8, 2017) must be 
equipped with a ballast water management system (Standard D2), ship 
built before September 8, 2017, can comply with the Convention by 
implementing a ballast water exchange (Standard D1) or can equip a 
ballast water management system if desired (Le et al., 2020). However, 
ships built before September 8, 2017, must be converted to a ballast water 
management system (Standard D2) after the first renewal inspection of 
the IOPP certificate after September 8, 2019. By September 8, 2024, all 
ships are required to use a ballast water management system (D2) 
(Nguyen et al., 2021; Hassan and El Nemr, 2021). 

Ballast water exchange is the replacement of ballast water taken at a port 
or at the coast where the voyage begins with seawater taken from a far 
distance (Tran et al., 2021). This process will reduce the risk of organisms 
being transported to other seas because deep seawater is usually less 
living organism, and these organisms are often difficult to live in a harbor 
or coastal environment when they are released to the ocean from ballast 
water chamber. According to standard D1 of the IMO Ballast Water 
Management Convention, each ship must replace at least 95% of its ballast 
water (Ivce et al., 2021). If the ballast water exchange is effectuated by 
pumping through the ballast water chamber, the ballast water mass is to 
be pumped through each space at least three times (Tham et al., 2019). 
Since the exchange of ballast water at sea is subject to weather and sea 
conditions, therefore, exchange of ballast water is not always possible 
(Baroiu et al., 2021; Chau et al., 2020). Furthermore, this exchange still has 
the potential for marine species to remain in the water and can still be 
harmful if the vessel is draining near shore, especially if the holds are 
clogged with mud (Van and Anh, 2021). The exchange of ballast water can 
also make the ship's balance and stability worse (Hyun, 2021; Trinh et al., 
2020). 

Ballast water exchange in the sea is not considered an ideal method of 
ballast water management, so efforts are focused on developing methods 
to treat ballast water. These methods must comply with standard D2 of the 
IMO Ballast Water Management Convention. Standard D2 states that the 
treatment and discharge of ballast water should leave only: (1) less than 
ten organisms 50 micrometers or larger can survive in at least one cubic 
meter of water; (2) less than ten organisms 50 micrometers or smaller in 
size and more than or equal to 10 micrometers in at least one cube 
milliliter of water (Chen et al., 2021; Sayinli et al., 2021). The solutions 
considered for ballast water treatment today include mechanical, physical, 
and chemical methods. Each method has different characteristics and 
features, depending on the evaluation and selection aspects and criteria. 
Understanding the characteristics of different ballast water treatment 
technologies will help shipowners make good decisions about choosing 
the optimal treatment technology (Yondri et al., 2019). The objective of 
this paper is to present an appropriate selection method for the 
evaluation, analysis, and comparison between different ballast water 
treatment technology systems to make a good decision on choosing the 
most optimal treatment system (Pham, 2019). The best-worst method is 
used in this work. The evaluation of the objective and subjective weights 
of the measurement criteria for the effectiveness and convenience of the 
technology as well as the measures for the combined environmental and 

ecological impacts has been evaluated to determine the most optimal 
technology solution. 

2.  MATERIALS AND METHODS 

 
Figure 1: Process of selecting ballast water treatment technology 

The process of selecting the best ballast water treatment technology is 
shown in Figure 1. The process consists of four stages: (1) State 1: 
determine alternative technologies for ballast water treatment and 
evaluation criteria. price; (2) State 2: Use the Best-Worst method to 
determine the relative values of alternative technologies for ballast water 
treatment for each evaluation criterion and the subjective weight of 
evaluation criteria; (3) State 3: Using the importance of the criteria 
through the correlation method between the criteria to find out the 
subjective weight of the evaluation criteria; (4) State 4: Determine the 
class of each ballast water treatment technology and rank these 
technologies. 

The weighting methods are underpinned by the criteria importance 
method through the correlation between the criteria and the best method. 
In which, the combination of standard deviation and correlation is 
presented through steps such as normalizing the data, calculating the 
standard derivative and correlation, and determining the weight of the 
indicators. Additionally, the best method is described through four steps 
including determining the best thing, determining the Best-to-Others 
vector, determining the Others-to-Worst vector, and optimizing the 
weights of all the criteria. The criteria for selecting a ballast water 
treatment system consist of capacity, size, equipment volume, and energy 
consumption. 

3. RESULTS AND DISCUSSION 

3.1  Ballast water treatment methods for meeting the demand of 
BWM convention 2004 

Chemicals can be used to treat ballast water, to prevent the invasion of 
foreign organisms. The used chemicals must be carefully selected to avoid 
danger to humans and the environment. There are two types of treatment 
chemicals used: oxidizing and non-oxidizing (Chong et al., 2021). Oxidizing 
chemicals are normally used including chlorine, bromine, and iodine (Chu 
et al., 2021). These chemicals can destroy cell membranes, killing 
organisms. Ozone gas is also an oxidant used in ballast water treatment 
(Pham et al., 2021). Ozone is injected into the ballast water to kill 
organisms. Ozone gas is toxic to the human body, hence, the usage of ozone 
in ballast water treatment needs to be conducted with caution, and 
ensured safety (Vu and Nguyen, 2019). A group of non-oxidizing chemicals 
that affect the metabolism or reproduction of organisms. Most pesticides 
belong to this group. Glutaraldehyde is an example, that has a very strong 
effect on organisms and is often used in industries such as sterilization of 
medical devices (Al-Tawaha et al., 2020). 
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The advantages of chemical ballast water treatment include (1) The 
machinery used in the oxidizing process does not require much 
maintenance. (2) Ozone is effective on various microorganisms (Hoang, 
2022). (3) Glutaraldehyde is metabolized quickly when released into the 
environment to generate CO2, which is a safe substance. However, this 
method also includes limitations such as (1) The size of the machinery is 

limited when installed onboard. (2) When using oxidizing agents, it is very 
dangerous for sailors while handling this chemical, so it is necessary to 
train sailors on the safety of oxidizing agents. (3) Ozone cannot remove 
large organisms. (4) The size of the machine is large and the reaction 
between Ozone and other components in seawater will form toxic 
substances that are harmful to the environment (Khalaf et al., 2021).

Table 1: Technological method for ballast water treatment (Tang et al., 2006; Sutherland et al., 2001; Sateikiene and Januteniene, 2012; Nguyen et al., 
2020) 

Methods Filtration Cyclonic 
separation 

UV Electrolytic 

chlorination/ 

electrolysis 

Ozonation Coagulation/ 

flocculation 

Treatment at 

Uptake Uptake Uptake and 
discharge 

Uptake Uptake for some 
systems and at 
discharge for 

others 

Uptake 

Time for 
lethality 

At treatment At treatment At treatment Hours Up to 15 hours - 

Operations 

Pressure drops 
and reduced flow 

rate 

Pressure drops 
and reduced flow 

rate 

Increased energy 
consumption; 

Possible 
consequences on 

tanks and pipe 
corrosion; 

Possible 
consequences on 

tanks and pipe 
corrosion 

Storage tanks for 
additives are 

necessary 

- - - Increased energy 
consumption; 

- - 

- Minimum 
maintenance 

High maintenance. High 
maintenance 

- - 

Safety 

No safety-related 
effects 

No safety-related 
effects. 

UV light exposure 
can be 

harmful 

Risk of chemical 
exposure to the 

ship’s crew 

Toxic - 

- - - The exhaust of 
hydrogen and 

chlorination gas 
generated by 
electrolysis 

- - 

Environments 

Reduction of 
sediments into the 

ballast tanks; 

Reduction of 
sediments into the 

ballast tanks; 

Efficiency is 
dependent on 
water quality; 

Effective for a 
broad range of 

organisms; 

Effective for 
microorganisms; 

 

Reduction of 
sediments into the 

ballast tanks; 

Not effective for 
microorganisms 

Not effective for 
microorganisms 

Effective for 
microorganisms 

Ballast water 
neutralization 

before discharge 

Ballast water 
neutralization 

before discharge 

Not effective for 
microorganisms 

- - - Efficiency is 
dependent on 
water quality 

Efficiency is 
dependent on 
water quality; 

Air pollution 

- 

 
The principle of heat treatment is very simple. Seawater is pumped into 
the ballast water pipeline and then heated through an exchange with the 
cooling water on the ship's machinery. After being heated to the required 
temperature, seawater will be pumped into the ballast water storage 
compartment (Nizetic et al., 2022). The high temperature of the water may 
kill the organisms that exist in the ballast water. Treating ballast water 
with a temperature of around 450oC and maintaining it for a long time can 
kill large organisms such as fish, but this temperature does not affect 
microorganisms. This method is not effective for cold seas because it takes 
a lot of energy to heat the ballast water. Currently, UV light is being used 
in hospitals and prisons to kill microorganisms and avoid spreading 
disease. UV lamps have been applied in urban water treatment to replace 
chlorine treatment. This method is very effective against microorganisms 
(Chen, 2021). To increase its effectiveness in ballast water treatment, it 
needs to combine with other methods (Dong, 2020). The disadvantage is 
that UV rays are not effective when the water contains too much-
suspended matter, thus ballast water needs to be filtered before UV 
treatment. Although there are many proposed methods, none of them are 
effective in ballast water treatment. UV treatment needs to be combined 
with filtration that requires filtration of other large materials contained in 
the ballast water (Ong, 2021). 

3.2 JFE BallastAce ballast water treatment technology 

Seawater is pumped in from the Kingston valve by the Ballast pump. 
Seawater passes through the ballast filter and most plankton larger than 
50 μm is removed (Kimera ang Nangolo, 2020). The plankton removed 
here is discharged with the backwash water by the automatic backwash 
function of the filter into the water body where the ballast water is taken. 

Disinfectant is injected from the disinfectant pump into the ballast pipe 
through the nozzle, and the plankton and bacteria passing through the 
ballast filter are killed and disinfected, shown in Figure 2. Disinfectant is 
automatically controlled thanks to an automatically set total residual 
oxidant value (TRO) unit. Disinfectant is injected into the disinfectant and 
passes through the mixing plate, a strong vortex occurs (Riggio, 2019). 
This quickly stirs and mixes the disinfectant in the ballast water for a short 
time, which results in better killing and sterilization (Nayak et al., 2020). 
Sterilized ballast water is pumped into ballast tanks. Residual oxidants in 
the ballast water further kill living organisms in the ballast tanks (Pham, 
2019; Dong, 2020). 

The concentration of TRO (total residual oxidant) remaining in the ballast 
tank will decrease with time due to autolysis or reaction with reducing 
agents (ammonia, humic substances, etc) present in the ballast water. 
Nevertheless, if TRO is left when the ballast water is discharged, it will 
harm the ecology of the waters where it is discharged, as a result, it needs 
to be neutralized before discharge (Lee et al., 2019; Wang et al., 2019). The 
TRO after neutralization is measured by the TRO device to check if it is 
within the allowable value. The neutralizer (sodium sulfite solution) is 
pumped from the neutralization pump into the ballast water in the ballast 
pipe through the nozzle. The neutralizer is vigorously stirred by the mixing 
plate and transferred (Pham and Hoang, 2020). The remaining oxidant is 
neutralized inside the pipe. Ballast water is pumped out of the ship by a 
ballast pump (Zhu et al., 2020). 

Ballast water is put into the system and treated and then taken out to the 
sea immediately, to form the Sea to Sea road. Operate the sterilization 
pump and operate the neutralization pump to both disinfect and 
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neutralize the amount of reducing agent present in the ballast water and 
then discharge into the sea (Moreno-Andres, 2018). The neutralizer 
(sodium sulfite) is pumped from the neutralization pump into the ballast 
pipe through the nozzle (Figure 4) (Tabatabaei and Aghbashlo, 2020). The 
disinfectant solution, remaining in the disinfectant solubilizer and 
disinfectant line, is pumped from the sterilization pump into the ballast 
pipe (Dong, 2020). The TRO device checks if it is neutral (Van and Anh, 
2018). The operation stops automatically when the inside of the device 
dissolves the disinfectant, which is replaced by clean water (Zhang et al., 
2022). 

 

Figure 2: Ballasting process flow by JFE BallastAce (BallastAce, 2021) 

 

 

Figure 3: De-Ballasting process flow by JFE BallastAce (BallastAce, 2021) 

3.3 LeesGreen ballast water treatment technology 

The LeesGreen ballast water treatment system includes equipment such 
as Filter, UV Reactor, Local Control Unit, Remote Control Unit, Power 
Cabinets, Electric Valves, Monitoring Devices, Sampling Devices, and 
Pipelines (Guo et al., 2021). In Figure 4, the LSF series automatic filter is 
the first step of a system specially designed for the screening of ballast 
water, featuring fine mesh elements to remove bacteria and particles 
larger than 50μm in size. The LSF filter applies backflush technology to 
effectively perform the filtering and cleaning process at the same time 
(Nguyen and Hoang, 2020). The backflush starts automatically based on 
the differential pressure of the water inlet and outlet of the filter while 
continuing to filter with no need for any other on-site manual action (Hess-
Erga et al., 2019; Bui et al., 2021). 

Ballast water is pumped from the marine vent valve and fed to the filter 
from the ballast water inlet to the filter (1) (Figure 4). Then it goes through 
the filter to remove the dirt, a part of the water goes to the upper chamber 
(6) through the middle upstream pipe (2) to enter the filter number (3). 
Ballast water flows through the filter elements from the inside out and 
microorganisms and particles larger than 50 µm in the water are trapped 
on the filter media of the filters. The purified water will lead to the outlet 
of the filter (7) and then to the UV Reactor (Dong and Nguyen, 2019). The 
accumulation of dirt inside the filter mesh increases, leading to a gradual 
increase in the pressure difference between the ballast water inlet and 
outlet. When the differential pressure reaches the preset value, then the 
filter controller will receive an electrical signal from the differential 
pressure gauge and start the hybrid engine (4). Simultaneously, the 
reverse discharge arm (5) will be rotated through the ends of both the 

upper and lower filter tubes. At the same time, the reverse outlet (8) is 
opened, creating a high axial flow in the filter core and the impurity 
particles stuck on the inner surface of the filter mesh are pumped out 
(Subramanian, 2021). 

 
Figure 4: Working principle of LSF Filter (Fuda, 2016) 

The main processing takes place inside the UV reactor, where nanometer-
sized microorganisms in the water are exposed to UV rays, rendering them 
harmless (Rivas-Zaballos et al., 2021). UV rays break the DNA chain 
leading to the destruction of the internal structure (T + T) making 
microorganisms unable to reproduce. The germicidal range for ultraviolet 
rays is in the range of 200~300 nm, which is short-wavelength ultraviolet 
(UVC), shown in Figure 5. No chemicals are added to the process and no 
toxins are formed. So water is chemically unaffected, has no 
environmental impact and the process does not affect system corrosion 
(Bui et al., 2021). Specially designed UV lamps encased in quartz lenses 
assist in transmitting a wider wave spectrum, providing more UV rays 
during sterilization (Petersen et al., 2019). The temperature transmitter 
senses the temperature of the UV lamp and sends the information to the 
controller. When the lamp temperature reaches 60°C, the controller 
deactivates the UV reactor. The UV lamp is powered by an adjustable 
electronic ballast. The irradiation efficiency can be adjusted according to 
different water conditions. Real-time UV intensity is monitored to 
determine operational status. 

 

(a)                                                              (b) 

Figure 5: (a)- External components of UV reactor, (b) - Internal 
components of UV reactor 

LeesGreen BWMS advanced fully automatic system using reverse vortex 
filter, with highly efficient medium pressure UV radiation technology for 
the on-line treatment of ship ballast water, depicted in Figure 5. The 
impurity filtration method plus UV radiation make the filtration highly 
efficient. The entire system is completely self-contained, so there is no 
radiation or noise hazard to the crew. The system does not use chemicals, 
so there is no need to store hazardous substances, and it takes up less 
space. Because of the above benefits, the system is very safe, reliable, and 
economical and this low energy usage system responds with energy-
saving and environmental protection. The LeesGreen ballast water 
treatment system has been rigorously tested according to IMO standards 
and the system has also met all the requirements set forth by the 
Organization. 
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4. CONCLUSION 

Vessels are built and designed to move on water and carry goods in very 
large quantities such as liquid and bulk cargo, containers, machinery, 
equipment, and even people. When the cruise ship is unloaded or the 
goods have been returned at the ports required by the customer, water 
may be used to enter ballast tanks on board ships to achieve the necessary 
conditions and safety requirements. This helps the ship to change the 
draft, change the bow and steer of the ship. To provide stability and 
maneuverability in flight, helping to offset weight changes at different 
cargo loads due to fuel and water consumption, reduce the ship's center of 
gravity to ensure the ship is stable while in transit. While ballast water is 
essential for the safe and efficient shipping operations of ships. However, 
it can cause serious ecological, economic, and health problems due to the 
multitude of marine species transported in ballast water. To reduce and 
prevent environmental pollution caused by the transport of pathogens 
and harmful aquatic organisms through ballast conventions, the 
International Convention for the Control and Management of Ballast 
Water and Sediments (BWM 2004 Convention). This study analyzed and 
evaluated ballast water control methods with key characteristics of the 
equipment revealing that: Methods such as mechanical, physical, and 
chemical are commonly used to meet the standard. BWM 2004 standard 
D2. The combined ballast water treatment technology solutions have 
provided the best ballast water treatment efficiency such as a combination 
of filtration and chemical systems, filtration, and UV systems. The results 
of the analysis show that the JFE BallastAce and LeesGreen BWMS ballast 
water treatment technologies are recommended for use on ships to meet 
BWM 2004 regulations. 

REFERENCES 

Al-Tawaha, A.R.M.S., Chau, M.Q., Le, V.V., Hoang, A.T., and Pham, V.V., 2020. 
A simulation research of heat transfers and chemical reactions in the 
fuel steam reformer using exhaust gas energy from motorcycle engine. 
J. Mech. Eng. Res. Dev., 43 (5). 

Al-Tawaha, A.R.M.S., Nguyen, D.N., Al-Tawaha, A.R.M.S., Noor, M.M., and 
Pham, V.V., 2018. An absorption capacity investigation of new absorbent 
based on polyurethane foams and rice straw for oil spill cleanup. Pet. Sci. 
Technol., 36 (5), Pp. 361–370. doi: 10.1080/10916466.2018.1425722. 

Al-Tawaha, A.R.M.S., Tran, Q.V., Pham, V.V., and Nguyen, X.P., 2019. 
Comparative analysis on performance and emission characteristics of an 
in-Vietnam popular 4-stroke motorcycle engine running on biogasoline 
and mineral gasoline. Renew. Energy Focus, 28, Pp. 47–55. doi: 
10.1016/j.ref.2018.11.001. 

AS, D.N.S., 2009. “MARPOL 73/78 Annex VI,” Regul. Prev. Air Pollut. from 
Ships,. 

BallastAce, J.F.E., 2021. Ballast Water Management System. https://jfe-
ballast-ace.com/product/ (accessed Dec. 10, 2021). 

Baroiu, N., Chebac, P., and Moroșanu, G.A., 2021. Control and Management 
of Ballast Water on Commercial Ships. J. Danubian Stud. Res., 11 (1). 

Bui, V.T., Dong, T.M.H., and Viet, P.V., 2021. A brief technical review of 
emerging waste heat recovery solutions for marine diesel engines. J. 
Mech. Eng. Res. Dev, 44 (4), Pp. 9–18. 

Bui, V.T., Le, T.H., and Pham, V.V., 2021. A study evaluating the ability to 
recover cooling water waste heat using organic Rankine cycle on marine 
engines. J. Mech. Eng. Res. Dev., 44 (4). 

Bui, X.L., and Pham, X.D., 2018. A novel investigation of oil and heavy metal 
adsorption capacity from as-fabricated adsorbent based on agricultural 
by-product and porous polymer. Energy Sources, Part A Recover. Util. 
Environ. Eff., 40 (8), Pp. 929–939. 

Cao, T., and Pham, V., 2019. A brief review of technology solutions on fuel 
injection system of diesel engine to increase the power and reduce 
environmental pollution. J. Mech. Eng. Res. Dev., 42 (1), Pp. 01–09. 

Chau, M.Q., 2018. A mini review of using oleophilic skimmers for oil spill 
recovery. J. Mech. Eng. Res. Dev., 41 (2), Pp. 92–96. 

Chau, M.Q., Nguyen, D.C., Tran, Q.V., and Pham, V.V., 2020. A Numeral 
Simulation Determining Optimal Ignition Timing Advance of SI Engines 
Using 2.5-Dimethylfuran-Gasoline Blends. Int. J. Adv. Sci. Eng. Inf. 
Technol., 10 (5), Pp. 1933–1938. 

Chau, M.Q., Truong, T.T., and Nguyen, X.P., 2020. Endless story about the 

alarming reality of plastic waste in Vietnam. Energy Sources, Part A 
Recover. Util. Environ. Eff., doi: 10.1080/15567036.2020.1802535. 

Chen, N., Yang, Z., and Luo, W., 2021. Ship Ballast Water Management 
System. in Development and Implementation of Ship BWMS, Springer, 
Pp. 7–13. 

Chen, W.H., 2021. Liquid hot water as sustainable biomass pretreatment 
technique for bioenergy production: A review. Bioresour. Technol., Pp. 
126207. doi: 10.1016/j.biortech.2021.126207. 

Chong, C.T., Nizetic, S., Ong, H.C., Atabani, A.E., and Pham, V.V., 2021. Acid-
based lignocellulosic biomass biorefinery for bioenergy production: 
Advantages, application constraints, and perspectives. J. Environ. 
Manage., 296, Pp. 113194. doi: 10.1016/j.jenvman.2021.113194. 

Chu, V.D., 2020. The electric propulsion system as a green solution for 
management strategy of CO2 emission in ocean shipping: A 
comprehensive review. Int. Trans. Electr. Energy Syst., Pp. e12580. 

Chu, V.D., Chau, M.Q., Huynh, T.T., Le, T.H., Nguyen, T.P., and Nguyen, D.T., 
2021. Prospects of application of IoT-based advanced technologies in 
remanufacturing process towards sustainable development and energy-
efficient use. Energy Sources, Part A Recover. Util. Environ. Eff., Pp. 1–
25. 

David, M., Gollasch, S., Elliott, B., and Wiley, C., 2015. Ballast water 
management under the ballast water management convention. Global 
maritime transport and ballast water management, Springer, Pp. 89–
108. 

Do, H.C., Chau, M.Q., and Le, T.T., 2020. Numerical simulation for 
transverse migration of finite-size clean bubbles in homogeneous shear 
turbulence. Pp. 040004. doi: 10.1063/5.0030627. 

Doan, Q.B., Dong, T.M.H., Pham, M.T., and Le, T.S., 2021. Performance and 
Emission Characteristics of Diesel Engine Using Ether Additives: A 
Review. Int. J. Renew. Energy Dev., 11 (1), Pp. 255–274. 

Dong, T.M.H., and Nguyen, X.P., 2019. Exhaust Gas Recovery from Marine 
Diesel Engine in Order to Reduce the Toxic Emission and Save Energy: A 
Mini Review. J. Mech. Eng. Res. Dev., doi: 
10.26480/jmerd.05.2019.143.147. 

Dong, V.H., 2020. A strategy development for optimal generating power of 
small wind-diesel-solar hybrid microgrid system. 2020 6th 
International Conference on Advanced Computing and Communication 
Systems (ICACCS), Pp. 1329–1334. 

Dong, V.H., 2020. A study on traction control system for solar panel on 
vessels, Pp. 020016, doi: 10.1063/5.0007708. 

Dong, V.H., 2020. A study on traction control system for solar panel on 
vessels. AIP Conference Proceedings, 2235 (1), Pp. 20016. 

Fuda, S.L., 2016. Introduction for Lees Green Ballast Water Management 
System. 

Guo, Y., Markine, V., and Jing, G., 2021. Review of ballast track tamping: 
Mechanism, challenges and solutions. Constr. Build. Mater., 300, Pp. 
123940. 

Hassaan, M.A., and El Nemr, A., 2021. Ballast Water Definition, 
Components, Aquatic Invasive Species, Control and Management and 
Treatment Technologies. Remediat. Heavy Met., Pp. 289–304. 

Hess-Erga, O.K., Moreno-Andrés, J., Enger, O., and Vadstein, O., 2019. 
Microorganisms in ballast water: disinfection, community dynamics, 
and implications for management. Sci. Total Environ., 657, Pp. 704–716. 

Hoang, A.T., 2022. Heavy metal removal by biomass-derived carbon 
nanotubes as a greener environmental remediation: A comprehensive 
review. Chemosphere, 287, Pp. 131959. doi: 
https://doi.org/10.1016/j.chemosphere.2021.131959. 

Hoang, A.T., and Pham, X.D., 2018. An investigation of remediation and 
recovery of oil spill and toxic heavy metal from maritime pollution by a 
new absorbent material. J. Mar. Eng. Technol., Pp. 1–11. doi: 
10.1080/20464177.2018.1544401. 

Hoang, A.T., Nguyen, X.P., and Pham, V.V., 2021. Integrating renewable 
sources into energy system for smart city as a sagacious strategy 
towards clean and sustainable process. J. Clean. Prod., 305 (10), Pp. 



Water Conservation & Management (WCM) 5(1) (2021) 53-59 

 

 
Cite The Article: T. H Nguyen, T. H Le, V. V Le, T. M. H Dong (2021). A Study on Selection of Ballas t Water Treatment Technologies to Meet BWM 

2004 Convention. Water Conservation & Management, 5(1): 53-59. 

 

127161. doi: 10.1016/j.jclepro.2021.127161. 

Hoang, A.T., Nguyen, X.P., Huynh, T.T., Le, A.T., and Pham, V.V., 2021. 
COVID-19 and the Global Shift Progress to Clean Energy. J. Energy 
Resour. Technol., 143 (9), Pp. 94701. doi: 10.1115/1.4050779. 

Hoang, P.H., Hoang, A.T., Chung, N.H., Dien, L.Q., Nguyen, X.P., and Pham, 
X.D., 2018. The efficient lignocellulose-based sorbent for oil spill 
treatment from polyurethane and agricultural residue of Vietnam. 
Energy Sources, Part A Recover. Util. Environ. Eff., 40 (3), Pp. 312–319. 

Huynh, T.T., Nguyen, X.P., and Duong, X.Q., 2021. Sorbent-based devices for 
the removal of spilled oil from water: a review. Environ. Sci. Pollut. Res., 
Pp. 1–35. 

Hyun, B., 2021. Potential Applications of a Novel Ballast Water 
Pretreatment Device: Grinding Device. J. Mar. Sci. Eng., 9 (11), Pp. 1213. 

Ivče, R., Zekić, A., Mohović, D., and Krišković, A., 2021. Review of Ballast 
Water Management. 2021 International Symposium ELMAR, Pp. 189–
192. 

Karim, M.S., 2016. Prevention of pollution of the marine environment from 
vessels. Springer. 

Khalaf, O.I., Tran, T.X., Chau, M.Q., Dong, T.M.H., and Nguyen, D.N., 2021. 
Thermodynamic Simulation on the Change in Phase for Carburizing 
Process. C. Mater. Contin., 68 (1), Pp. 1129–1145. 

Kimera, D., and Nangolo, F.N., 2020. Predictive maintenance for ballast 
pumps on ship repair yards via machine learning. Transp. Eng., 2, Pp. 
100020. 

Lakshmi, E., Priya, M., and Achari, V.S., 2021. An overview on the treatment 
of ballast water in ships. Ocean Coast. Manag., 199, Pp. 105296. 

Lakshmi, E., Priya, M., and Achari, V.S., 2021. Systems and Operation of 
Ballast Water in Ships with the Changing Ballast Water Management 
Policy. Modern Ship Engineering, Design and Operations, IntechOpen. 

Le, T.T., Chau, M.Q., Do, H.C., and Nguyen, D.T., 2020. A numerical study on 
the flow considering the influence of moving objects under the free 
surface in marine engineering. Pp. 040002, doi: 10.1063/5.0030625. 

Lee, J.S., Hong, S., Lee, J., Choi, T.S., Rhie, K., and Khim, J.S., 2019. Evaluation 
of residual toxicity of hypochlorite-treated water using bioluminescent 
microbes and microalgae: Implications for ballast water management. 
Ecotoxicol. Environ. Saf., 167, Pp. 130–137. 

Li, W., Pundt, R., and Miller-Hooks, E., 2021. An updatable and 
comprehensive global cargo maritime network and strategic seaborne 
cargo routing model for global containerized and bulk vessel flow 
estimation. Marit. Transp. Res., 2, Pp. 100038. 

Moreno-Andrés, J., 2018. Inactivation of marine heterotrophic bacteria in 
ballast water by an Electrochemical Advanced Oxidation Process. Water 
Res., 140, Pp. 377–386. 

Murugesan, P., 2021. Role of hydrogen in improving performance and 
emission characteristics of homogeneous charge compression ignition 
engine fueled with graphite oxide nanoparticle-added microalgae 
biodiesel/diesel blends. Int. J. Hydrogen Energy, 2021, doi: 
https://doi.org/10.1016/j.ijhydene.2021.08.107. 

Nayak, S.K., Huynh, T.T., Ölçer, A., and Le, A.T., 2020. A remarkable review 
of the effect of lockdowns during COVID-19 pandemic on global PM 
emissions. Energy Sources, Part A Recover. Util. Environ. Eff., Pp. 1–16. 
doi: 10.1080/15567036.2020.1853854. 

Nayak, S.K., Nižetić, S., Nguyen, X.P., and Le, T.H., 2022. Effects of advanced 
injection timing and inducted gaseous fuel on performance, combustion 
and emission characteristics of a diesel engine operated in dual-fuel 
mode. Fuel, 310, Pp. 122232. doi: 10.1016/j.fuel.2021.122232. 

Nguyen, D.C., and Duong, L.H., 2020. A review of solutions to improve the 
efficiency of hydrogen-rich catalysts for engine application, Pp. 040009. 
doi: 10.1063/5.0030996. 

Nguyen, D.T., Chau, M.Q., and Do, H.C., 2020. A simulation study on the 
amplification of cavity induced air-fuel mixing in scramjet engine, Pp. 
040003, doi: 10.1063/5.0030626. 

Nguyen, H.P., Huy, L.P.Q., Pham, V.V., Nguyen, X.P., Balasubramanian, D., 

and Hoang, A.T., 2021. Application of the Internet of Things in 3E factor 
(Efficiency, Economy, and Environment)-based energy management as 
smart and sustainable strategy. Energy Sources, Part A Recover. Util. 
Environ. Eff., 

Nguyen, X.P., 2020. A simulation study on the effects of hull form on 
aerodynamic performances of the ships. AIP Conference Proceedings, 
vol. 2207, doi: 10.1063/5.0000140. 

Nguyen, X.P., 2020. Solutions for navigated safety of super-tankers 
operating on Dinh River traffic-lanes and PTSC port. Pp. 020017. doi: 
10.1063/5.0000141. 

Nguyen, X.P., and Hoang, A.T., 2020. The Flywheel Energy Storage System: 
An Effective Solution to Accumulate Renewable Energy. 2020 6th 
International Conference on Advanced Computing and Communication 
Systems (ICACCS), Pp. 1322–1328. doi: 
10.1109/ICACCS48705.2020.9074469. 

Nguyen, X.P., Le, N.D., Pham, V.V., Huynh, T.T., Dong, V.H., and Hoang, A.T., 
2021. Mission, challenges, and prospects of renewable energy 
development in Vietnam. Energy Sources, Part A Recover. Util. Environ. 
Eff., Pp. 1–13. doi: 10.1080/15567036.2021.1965264. 

Nižetić, S., Duong, X.Q., Rowinski, L., and Nguyen, X.P., 2021. Advanced 
super-hydrophobic polymer-based porous absorbents for the treatment 
of oil-polluted water. Chemosphere, Pp. 130274. 

Nižetić, S., Le, A.T., and Bui, V.G., 2020. Combustion and emission 
characteristics of spark and compression ignition engine fueled with 2, 
5-Dimethylfuran (DMF): A comprehensive review. Fuel, Pp. 119757. 

Nižetić, S., Ng, K.H., Papadopoulos, A.M., Le, A.T., Kumar, S., and Hadiyanto, 
H., 2022. Microbial fuel cells for bioelectricity production from waste as 
sustainable prospect of future energy sector. Chemosphere, 287, Pp. 
132285. doi: 10.1016/j.chemosphere.2021.132285. 

Nižetić, S., Ong, H.C., Tarelko, W., Le, T.H., Chau, M.Q., and Nguyen, X.P., 
2021. A review on application of artificial neural network (ANN) for 
performance and emission characteristics of diesel engine fueled with 
biodiesel-based fuels. Sustain. Energy Technol. Assessments, 47, Pp. 
101416. doi: https://doi.org/10.1016/j.seta.2021.101416. 

Nižetić, S., Pham, V.V., and Hoang, A.T., 2021. A state-of-the-art review on 
emission characteristics of SI and CI engines fueled with 2,5-
dimethylfuran biofuel. Environ. Sci. Pollut. Res., 28 (5), Pp. 4918–4950. 
doi: 10.1007/s11356-020-11629-8. 

Ölçer, A.I., Nguyen, X.P., and Huynh, T.T., 2021. Record decline in global 
CO2 emissions prompted by COVID-19 pandemic and its implications on 
future climate change policies. Energy Sources, Part A Recover. Util. 
Environ. Eff., Pp. 1–4. doi: 10.1080/15567036.2021.1879969. 

Ong, H.C., 2021. Insight into the recent advances of microwave 
pretreatment technologies for the conversion of lignocellulosic biomass 
into sustainable biofuel. Chemosphere. 

Outinen, O., 2021. Exceptions and exemptions under the ballast water 
management convention–Sustainable alternatives for ballast water 
management? J. Environ. Manage., 293, Pp. 112823. 

Petersen, N.B., Madsen, T., Glaring, M.A., Dobbs, F.C., and Jørgensen, N.O.G., 
2019. Ballast water treatment and bacteria: Analysis of bacterial activity 
and diversity after treatment of simulated ballast water by 
electrochlorination and UV exposure. Sci. Total Environ., 648, Pp. 408–
421. 

Pham, M.T., Le, T.H., Hadiyanto, H., Pham, V.V., and Hoang, A.T., 2021. 
Influence of various basin types on performance of passive solar still: A 
review. International Journal of Renewable Energy Development, 10 (4), 
Pp. 789–802. doi: 10.14710/IJRED.2021.38394. 

Pham, N.D.K., 2019. Experimental research on the impact of anchor-cable 
tensions in mooring ship at Vung Tau Anchorage Area. Int. J. Adv. Sci. 
Eng. Inf. Technol., 9 (6), doi: 10.18517/ijaseit.9.6.9946. 

Pham, V.V., 2019. Advanced Technology Solutions for Treatment and 
Control Noxious Emission of Large Marine Diesel Engines: A Brief 
Review. J. Mech. Eng. Res. Dev., 42 (5), Pp. 21–27. 

Pham, V.V., and Hoang, A.T., 2019. Technological perspective for reducing 
emissions from marine engines. Int. J. Adv. Sci. Eng. Inf. Technol., doi: 
10.18517/ijaseit.9.6.10429. 



Water Conservation & Management (WCM) 5(1) (2021) 53-59 

 

 
Cite The Article: T. H Nguyen, T. H Le, V. V Le, T. M. H Dong (2021). A Study on Selection of Ballas t Water Treatment Technologies to Meet BWM 

2004 Convention. Water Conservation & Management, 5(1): 53-59. 

 

Pham, V.V., and Hoang, A.T., 2020. A study on a solution to reduce 
emissions by using hydrogen as an alternative fuel for a diesel engine 
integrated exhaust gas recirculation. Int. Conf. Emerg. Appl. Mater. Sci. 
Technol. ICEAMST 2020, doi: 10.1063/5.0007492. 

Pham, V.V., and Hoang, A.T., 2020. Analyzing and selecting the typical 
propulsion systems for ocean supply vessels. 2020 6th International 
Conference on Advanced Computing and Communication Systems 
(ICACCS), Pp. 1349–1357. doi: 10.1109/ICACCS48705.2020.9074276. 

Riggio, M.A., 2019. Minimizing the Hydraulic Impacts of Ballast Water 
Treatment System Installations. 

Rivas-Zaballos, I., Romero-Martínez, L., Moreno-Garrido, I., Acevedo-
Merino, A., and Nebot, E., 2021. Evaluation of three photosynthetic 
species smaller than ten microns as possible standard test organisms of 
ultraviolet-based ballast water treatment. Mar. Pollut. Bull., 170, Pp. 
112643. 

Šateikienė, D., and Janutėnienė, J., 2012. Ballast water treatment 
technologies comparative analysis. Transport means 2012: Proceedings 
of the 16th International Conference, Pp. 25–26. 

Sayinli, B., Dong, Y., Park, Y., Bhatnagar, A., and Sillanpää, M., 2021. Recent 
progress and challenges facing ballast water treatment–A review. 
Chemosphere, Pp. 132776. 

Subramanian, M., 2021. A technical review on composite phase change 
material based secondary assisted battery thermal management system 
for electric vehicles. J. Clean. Prod., Pp. 129079. 

Sutherland, T.F., Levings, C.D., Elliott, C.C., and Hesse, W.W., 2001. Effect of 
a ballast water treatment system on survivorship of natural populations 
of marine plankton. Mar. Ecol. Prog. Ser., 210, Pp. 139–148. 

Tabatabaei, M., and Aghbashlo, M., 2020. A review of the effect of biodiesel 
on the corrosion behavior of metals/alloys in diesel engines. Energy 
Sources, Part A Recover. Util. Environ. Eff., doi: 
https://doi.org/10.1080/15567036.2019.1623346. 

Tang, Z., Butkus, M.A., and Xie, Y.F., 2006. Crumb rubber filtration: a 
potential technology for ballast water treatment. Mar. Environ. Res., 61 
(4), Pp. 410–423. 

Tham, B.C., Vang, L.V., and Viet, P.V., 2019. An investigation of deposit 
formation in the injector, spray characteristics, and performance of a 
diesel engine fueled with preheated vegetable oil and diesel fuel. Energy 
Sources, Part A Recover. Util. Environ. Eff., 41 (23), Pp. 2882–2894. doi: 
10.1080/15567036.2019.1582731. 

Thomas, S., 2021. Impacts of COVID-19 pandemic on the global energy 
system and the shift progress to renewable energy: Opportunities, 
challenges, and policy implications. Energy Policy, 154, Pp. 112322. doi: 
10.1016/j.enpol.2021.112322. 

Tran, D.Q., Tran, T.T., and Le, A.T., 2020. Performance and combustion 
characteristics of a retrofitted CNG engine under various piston-top 
shapes and compression ratios. Energy Sources, Part A Recover. Util. 
Environ. Eff., Pp. 1–17. doi: 10.1080/15567036.2020.1804016. 

Tran, T.X., Nam, N.D., Toai, V.D., Quang, C.M., Ibrahim, K.O., and Tuan, H.A., 
2021. Effect of Poly-Alkylene-Glycol Quenchant on the Distortion, 
Hardness, and Microstructure of 65Mn Steel. Comput. Mater. Contin., 67 
(3), Pp. 3249–3264. 

Tran, V.D., and Le, A.T., 2020. An experimental study on the performance 
characteristics of a diesel engine fueled with ulsd-biodiesel blends. Int. 
J. Renew. Energy Dev., 10 (2), Pp. 183–190. doi: 
10.14710/ijred.2021.34022. 

Trinh, V.C., Dong, V.H., Bui, V.T., and Dong, T.M.H., 2020. Investigation for 
Evaluating the Energy Recovery Capacity of the Mechanical Brake 
System on Urban Buses: A Case in Vietnam. Int. J. Adv. Sci. Eng. Inf. 
Technol., 10 (5). doi: 10.18517/ijaseit.10.5.13335. 

Truong, T.T., Pham, V.V., Le, V.V., Le, A.T., and Bui, V.T., 2021. Effect of 
alcohol additives on diesel engine performance: a review. Energy 
Sources, Part A Recover. Util. Environ. Eff., Pp. 1–25. doi: 
10.1080/15567036.2021.2011490. 

Van, P.V., and Anh, H.T., 2021. 2-Methylfuran (MF) as a potential biofuel: A 
thorough review on the production pathway from biomass, combustion 
progress, and application in engines. Renew. Sustain. Energy Rev., 148, 
Pp. 111265. doi: https://doi.org/10.1016/j.rser.2021.111265. 

Van, V., and Anh, T., 2018. A review on fuels used for marine diesel engines. 
J. Mech. Eng. Res. Dev., 41 (4), Pp. 22–32, 2018. 

Vo, D.T., Nguyen, X.P., Nguyen, T.D., Hidayat, R., Huynh, T.T., and Nguyen, 
D.T., 2021. A review on the internet of thing (IoT) technologies in 
controlling ocean environment,” Energy Sources, Part A Recover. Util. 
Environ. Eff., Pp. 1–19. doi: 10.1080/15567036.2021.1960932. 

Vu, H.N., and Nguyen, X., 2019. Corrosion of The Metal Parts of Diesel 
Engines In Biodiesel-Based Fuels. Int. J. Renew. Energy Dev., 8 (2). 

Wang, C., Lu, W., and Xi, C., 2019. Research on Green Building Energy 
Management Based on BIM and FM. Nat. Environ. Pollut. Technol., 18 
(5), Pp. 1641–1646. 

Yondri, S., Al-Tawaha, A.T., SaidLe, A.R.M., Pham, M.T., and Hoang, T.H., 
2019. Power generation characteristics of a thermoelectric modules-
based power generator assisted by fishbone-shaped fins: Part II–Effects 
of cooling water parameters. Energy Sources, Part A Recover. Util. 
Environ. Eff., Pp. 1–13. 

Zaucha, J., and Kreiner, A., 2021. Engagement of stakeholders in the 
marine/maritime spatial planning process. Mar. Policy, 132, Pp. 103394. 

Zhang, H., Xue, J., Wang, Q., Yuan, L., and Wu, H., 2022. Formation of 
halogenated disinfection by-products during ballast water chlorination. 
Environ. Sci. Water Res. Technol., 

Zhu, Y., Ling, Y., Peng, Z., and Zhang, N., 2020. Formation of emerging 
iodinated disinfection by-products during ballast water treatment based 
on ozonation processes. Sci. Total Environ., 743, Pp. 140805. 

 

 


