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I. Introduction
What do you do when your car or bike runs out of fuel? Well the solution to this problem is pretty simple; you go to the nearest petrol bunk/gas station and get your vehicle refueled. The amount of petrol or gasoline that you purchase depends on the type of your vehicle and its tank capacity, not to mention your pocket allowance as well. 

The ship is also a vehicle which floats on water and requires fuel for its operation. It has massive engines, which requires fuel to burn and produce power. The point to be noted is that the gasoline/fuel of your car or bike is stored in tank which is part of the vehicle. Similarly the fuel for ships is stored in tanks which form a part of the ship, called “Bunker Tanks".

While the term used to describe the process of getting your vehicle filled with petrol or gasoline from a petrol bunk is known as refueling; a similar operation performed for filling fuel oil into the ship tanks from an outside source is known as bunkering.[16]
This paper focuses in two directions. The one part refers to the bunkering processes. Firstly, there is a mention on the terms bunkering and bunkers , the types of marine fuels and their basic characteristics, the ways of bunkering and the largest bunkering ports in the world. Also there is a description of the stages of the bunkering procedure, as well as the importance and the risks of this process.
The second part refers to bunker management systems and the software of bunker management systems on vessels and fleet bunker management systems which integrate and analyze data from all the vessels that owns a maritime company. 
II. Bunkering-bunkers
A. What is bunkering
Bunkering is the supply of fuel for use by ships in a seaport. The term originated in the days of steamships, when the fuel, coal, was stored in bunkers. 
Nowadays the term bunker is generally applied to the storage of petroleum products in tanks, and the practice and business of refueling ships. Bunkering operations are located at seaports, and they include the storage of "bunker" (ship fuels) and the provision of the fuel to vessels. Bunkering includes the shipboard logistics of loading fuel and distributing it among available "bunkers" (on-board fuel tanks.) [1]
Generally bunker fuel is very thick and heavy and it is required to be heated before using it in an Ship’s engine. Bunker fuel is comparatively difficult to store and transport. Basically bunker fuel is not readily available like petrol and it is mainly stored at the major sea ports and it is sold and delivered via contracts which are physical contracts to the marine vessels. Due to this factor the bunker prices vary widely from port to port. Bunkering may take place offshore, at anchor or alongside. It may be pumped from road tanker, bunker barge or another tanker or ship. The way in which bunker fuel is supplied depends on the port and accessibility to the marine vessel.[7]
The procedures are similar. Bunkering should be considered as a high risk operation, where mistakes can result in pollution, high financial penalties or even imprisonment.
B. Maritime fuels
  Bunker oil is generally any type of fuel oil used aboard ships. We can distinguish between two main types: distillate fuels and residual fuels. In the maritime industry the following type of classification is used for marine fuel oils:

· HFO: (Heavy fuel oil): it is the heaviest fraction of the distillation of crude oil, with high viscosity (pre-heating necessary is used only in large ships) and high concentration of pollutants (e.g. sulfur). Its combustion produces a much darker smoke than other fuels and it needs specific temperature for storage and pumping. Due to these drawbacks, it is also the cheapest liquid fuel on the market.

· IFO 180 (Intermediate Fuel Oil) : it is a mix of 98% of residual oil and 2% of distillate oil.

· IFO 380 (Intermediate Fuel Oil) : it is a mix of 88% of residual oil and 12% of distillate oil. Due to the higher content in distillate oil, IFO 380 is more expensive than IFO 180. 

· MDO (Marine Diesel Oil) : it mainly consists of distillate oil and has a lower sulfur content than the three fuels described above.

· MGO (Marine Gas Oil) : it is pure distillate oil and has the lowest sulfur content.[5]
There is an ISO standard for marine fuels which is updated at regular intervals. Work on the fourth edition began in March 2008, about the same time that the IMO requested ISO to prepare a specification for marine fuels to coincide with the implementation of the Revised MARPOL Annex VI on 1st July 2010. The next version appeared in 2012 (5th edition) and the most recent in March 2017 (6th edition). While these standards exist there is no obligation on freely contracting parties to accept only the latest or indeed any standard whatsoever. It is still a fact that the vast majority of bunker supplies are made in accordance with the earlier 8217:2005 standard. It is important when ordering fuels to stipulate exactly which standard should apply.
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C. Bunkering Ports

Even though there are approximately 400 major bunkering ports in the world, most of the demand is concentrated in a few strategic ports

According to the Organization and Petroleum Exportimg Countries (OPEC) just six countries are responsible for almost 60% of global bunker sales. Singapore, China the U.S the UAE Netherlands and South Korea.

Singapore is well known as the world’s biggest bunkering port, having been established as such for several years with consistent annual sales of around 42 million metric tones (mt)

Fujairah in the UAE is the world’s second largest bunkering port, with annual sales of around 24 million mt.

Rotterdam, the biggest port in Europe, is the third largest bunkering port with annual sales around 10.5 million mt.

Hong Kong and Antwerp complete the world’s top five bunkering ports with annual sales of 7.4 million mt and 6.5 million mt respectively.

Other important ports are Shaghai (China) Busan (South Korea), Giblaltar, Panama, Algeciras (Spain) and Los Angeles/Long Beach (US) [17]
III. bunkering procedure  
Bunkering is one process on ship which has been the reason for several accidents in the past. The most important aspect of bunkering operation are the "checklists", which form a part of company's safety management system (SMS) and I.S.M., eliminating the possibility and negligence of human and other operational errors. The bunkering checklist must be followed in-consultation with the Chief Engineer , as he is the person-in-charge for the bunkering operation. 

Before bunkering, usually it is 4th engineering officer, taking "soundings" of bunker tanks and calculates the volume of fuel oil available in every fuel oil tank of the ship. Upon knowing the fuel oil consumption for a day and the next voyage plan, the quantity of fuel oil required is calculated and compared with the available bunker tank capacity. A requisition is placed through the Chief Engineer and Master of the vessel to the Managers. The requisition is processed and evaluated for the quality and quantity of fuel to be supplied for the particular ship. Planning is done for the delivery of bunker at a particular port where the oil is available at a comparative lesser cost. On taking all these aspects into consideration, the Managers, deliver bunker to the vessel. Obviously the only practical way to deliver such large quantities of oil on board the ship from the barge is to use the arrangement of pipelines and pumps. There is a network of pipelines on the ship as well as the barge which are connected to the bunker tanks . The valves which control and regulate the flow of fluid to these pipelines are located on the deck at convenient places. They are distinguished from each other using color coding.[16]
 Then a Bunker-plan is made to plan the distribution of total quantity of bunker fuel oil. 
The generally applied bunkering procedure on a ship and important points that must be taken under consideration while bunkering are described below
C. Before Bunkering
· The chief engineer on the ship is responsible for the calculation and to check which bunker / fuel oil tanks are suppose to be filled after he gets the confirmation from the shore office about the amount of fuel which is to be received.

· It might be required to empty some bunker tanks and transfer the bunkers from one tank to other. This is required so as to prevent mixing of two bunkers and prevent incompatibility between the previous bunker and the new bunker fuel.

· Generally a meeting should be held between the members that will take part in the bunkering process and they should be explained and have to monitor the following areas:

· Which bunker tanks are to be filled.

· Sequence order of tanks to be filled.

· How much bunker is to be taken.

· Emergency procedure in case oil spill occurs.

· Sounding is taken before bunkering and record is made.

· A checklist is to be filled so that nothing is missed .

· All deck scuppers and save all trays are plugged.

· Overflow tank is checked to be empty.

· Adequate lighting at bunker and sounding position is to be provided.

· No smoking notice should be positioned.

· On board communication between the people involved in bunkering is made.

· Red flag/light is presented on masthead.

· Opposite side bunker manifold valves are closed and blanked properly.

· Vessel draught and trim is recorded before bunkering.

· All equipments in SOPEP (shipboard oil pollution emergency plan) locker are checked to be in place.

· When bunker barge is secured to the ship side, the persons involved on barge are also explained about the bunkering plan.

· Barge paperwork is checked for the oil’s grade and the density if they are as per the bunker specification.

· The pumping rate of bunker is agreed with the bunker barge.

· The hose is then connected to the manifold.

· All the valves required are open and checked.

· Proper communication between the bunker barge and the receiving ship is to be established.

· Sign and signals are to be followed as discussed in case of communication during emergency.

· After this, the manifold valve is open for bunkering.
D. During Burkering
· During start of the bunker the pumping rate is kept low, this is done so as to check that the oil is coming to the bunker tank to which the valve is opened.

· After confirming the bunker fuel is coming to the proper tank the pumping rate is increased as agreed before.

· Generally only one tank filling is preferred because gauging of more than one tank at a time increases the chances of overflow.

· The max allowable to which tank is filled is 90 % and when the tank level reaches about to  maximum level the barge is told to pump at low pumping rate so as to top up the tank, and then  the valve of other tank is opened.

· During bunkering, sounding is taken regularly and the frequency of sounding is more when the tank is near to full. Many vessels have tank gauges which show tank level in control room but this is only to be relied if the system is working properly.

· The temperature of bunker is also to be checked; generally the barge or supplier will provide the bunker temperature. Temperature above this may lead to shortfall in bunker.

E. After Bunkering
· Draught and trim of the ship is checked.

· Take sounding of all the tanks bunkered.

· The volume bunkered should be corrected for trim, heel and temperature correction.

· In general for each degree of increase in temperature the density should be reduced by 0.64 kg/m3.

· The chief engineer will sign the bunker receipt and the amount of bunker received.

· If there is any shortfall of bunker received the chief engineer can issue a note of protest against the barge/supplier.

· After everything is settled the hose connection is removed. [3]
F. Samling
One of the most important aspects of any bunkering operation is ensuring a representative sample. Not only is it imperative to get a trustworthy sample for onboard bunker fuel testing and analysis, but the importance of a suitably drawn and witnessed representative bunker fuel oil sample cannot be over-emphasized. It forms the basis of all discussion, debate or dispute resolution relating to the bunkering. 
The most common and economic mean of obtaining a representative bunker fuel sample is by using a drip sampler (Fig.2.) inserted between the bunker manifold flange and barge hose. A continuous sample is taken during bunkering . Regarding each sample bottle, the sample label must be filled and signed by the Chief Engineer and the suppliers representative and the samples must be sealed. [19]
If the supplier refuses to sign the samples extracted, the Chief Engineer must inform the company Technical Superintendent of the fact immediately through the Captain.
Five bottles of sample are filled during bunkering. One bottle of sample is kept on board, one for barge one bottle shall be delivered to the supplier, one is sent for laboratory analysis  and one is required by MARPOL. MARPOL sample and Bunker Delivery Note must be kept on board properly for Port State Control etc. The new bunker should not be used until the report from the lab.[18]
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IV. Pollution prevention meters
During the bunkering operation there is always a risk of a spil. This could be caused by a failure in the bunker flexible pipeline, the blow-out of a damaged gasket, the opening or closing of a wrong valve or the accidental overflow of a bunker tank. Whatever the reason, there must be procedures in place to prevent environmental pollution. 

Shipboard Oil Pollution Emergency Plan (SOPEP) equipment should be kept in a state of immediate readiness, to avoid the risk of an oil spill and pollution during the bunkering operation The SOPEP locker should have a minimum of these items:

· absorbent rolls

· absorbent pads

· absorbent granules

· absorbent materials

· brooms

· shovels

· mops

· scoops

· empty receptacles (200 litres capacity)

· portable air driven pumps

· oil boom for small spill containment

· oil spill dispersant

These items must be stored in an easily accessible locker, clearly marked, and must be brought on deck ready for immediate use, prior to all bunkering operations.[4]
V. Liquid Natural Gas (l.n.g). The new marine fuel

One of the attempts being made by the shipping industry to reduce its environmental impact is to use liquefied natural gas (LNG) as a marine fuel. It has been estimated that shipping is responsible for approximately 3% of global carbon dioxide emissions.  While there is a strong downward trend in land-based sulfur oxide emissions, that is not happening with ship-source emissions of sulfur oxide. There is a growing concern over climate change and air pollution in all sectors and, for international shipping, there is significant pressure to reduce exhaust emissions being placed on an industry that is well known for its conservative ways.[8]
Various incentives and motivations, including laws and regulations, to reduce shipping's exhaust emissions are being adopted. One of the emission reduction attempts is the use of LNG as a marine fuel. LNG, as a marine fuel, produces virtually 0% sulfur dioxide emissions. Moreover, compared with conventional marine bunker fuels, LNG has the potential to reduce carbon dioxide emissions by 10% to 20%, nitrogen oxide emissions by up to 80% or 90%, and particulate matter emission by 98% to 100%.[9]
VI. fuel flow measurement
Several dubious practices are employed by bunker fuel suppliers during a typical bunker stem operation. Having said that no matter which part of the world the vessel is fixed to stem bunkers, the importance of accurately measuring the barge fuel tanks before and after delivery is a crucial phase in any bunker stem operation. It is therefore very important that the vessel’s bunker operation team methodically take the barge tank measurements, applying the correct trim/list before and after bunkering, recording the actual temperature of the bunker fuel before/after delivery etc. Proper temperature and fuel flow measurements   can save a lot of money.

 Disputes can arise either by innocent mistake or deliberate short supply by the barge; like introducing air to froth up the fuel (cappuccino effect) or giving incorrect temperatures and so on. Also when bunker is being transferred from a refinery to a storage tank and to the barge and then delivered to the vessel, there is a lot of scope for errors and deliberate manipulations that will result in a difference (sometimes quite significant) between the quantity claimed to have been supplied and the quantity received by the ship. If this is due to an innocent mistake then probably with fullest co-operation of the barge company/ fuel suppliers and full disclosure of stock movement records might indicate the “missing” bunker.[20]
Mass flow meters (MFM) and bunker management systems act as a safeguard against manipulation of bunkered marine fuel oil.
Fuel flow measurement can be checked using one or more measuring systems. Marine fuels are counted twice. Initially, they are measured before they enter the ship while the second measurement is when the fuel is in it. The constant need for more accurate measurements of the quantities of fuel results in the development of mass meters. Several tools and devices have been designed, such as steel tape (Fig. 3), but the most modern and promising meter in these receipts is the Coriolis counter(Fig.4.).
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Coriolis meters provide continuous, on-line measurement of mass flow rate, volume flow rate, density, temperature, and batch totals – all from a single device. Coriolis meters have no moving parts or obstructions in contact with the fluid being measured and require little maintenance, flow conditioning or straight pipe runs. Unlike volume measurement, mass measurement is independent of operating pressure and temperature, which obviates the need for error-prone density conversions. For highly viscous fluids where entrained gas and air is unable to escape, direct mass flow measurement can perform better than volumetric meters and tank gauges. The Coriolis meter will give a more accurate measurement of the quantity of fuel oil delivered. 
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There are many factors that can contribute to errors like incorrect temperature, density etc. and these errors can be compounded quickly giving rise to large errors in the final quantity of mass delivered. In other words, the final results will only be as good as the surveyor who performed the calculations. Whereas the Coriolis mass flow meters measures the mass directly taking into account various temperature and pressure change automatically and thus eliminating any guess work and need for any look-up tables, trim corrections etc.
VII. bunker management system
With the increasing cost of marine fuel oils, ship owners around the world are looking for methods that allow them to use fuel oil wisely and efficiently. In order to save both fuel and energy of a ship, it is very important to first know how much fuel is being consumed. A Bunker or Fuel Management System allows you to do exactly this. The system helps in monitoring, measuring, and displaying the amount of fuel oil bunkered and used by a ship.

Fuel management system wasn’t used on board initially; however with the increasing costs of marine fuel it has become an imperative device on ship. The main goal of the system is to reduce the amount of fuel usage of the ship by improving the operational efficiency of the fuel oil system. A marine fuel management system helps in providing the accurate amount of fuel oil burnt at any particular vessel speed or engine rpm. This helps the ship’s crew to continuously measure and monitor the fuel, an extremely important aspect when the ship is sailing. A continuous measuring system will also help in measuring the fuel burn rate or the amount of fuel required by an engine at a particular rpm in an hour, in a watch, or in one full day. The fuel management system thus helps crew members to take decisions that would not affect the fuel burn rate of the engine and would also increase the efficiency.
The system also helps in keeping a continuously watch on all the fuel tanks levels right from the comfort of ship’s engine control room or bridge. This continuously monitoring also helps in evaluating how much total fuel each engine or generator can consume, and thus provides a clearer picture as to how the vessel uses the fuel oil.

Also, the amount of fuel used by a ship is not dependent on the rpm of the engine alone. Many crew members believe this and they therefore reduce the ship’s rpm to reduce fuel consumption. However, there are several other factors such as the condition of sea, direction of wind, varying load, fluctuation in speed, and condition of the engine and propulsion system which also play an equal role in the amount of fuel used by a ship. A marine fuel management system considers all these factors, along with the speed and rpm of the vessel, and provides the right recommendation after performing various calculations. This helps in saving a lot of fuel oil which would otherwise go wasted. 
Fuel theft and illegal discharge of fuel from ship to shore is also a grave threat faced by many ship owners. The marine fuel management system helps in eradicating this problem by comparing the amount of fuel taken on board with the actual consumption of each engine or generator. Apart from thefts, accidental fuel oil spill can also be determined by keeping a continuous watch on the fuel oil tank level. The system also assists in monitoring various other operations such as fuel transfers from one tank to another, bunkering, and preventing low or high oil levels of tanks. [15]
There are a lot of companies that provide a Bunker Management System.

G. Insatech  Bunker Management System (BMS)

The system uses Coriolis mass flow meters to measure the mass of the fuel oil directly, so you do not have to rely on conversions from volume. Furthermore the system automatically adjusts for temperature variations and is able to detect any air in the oil as well as vent any excessive air.  By using equipment and methods that deliver high accuracy inline and real-time measurement during bunker operations, any attempt by the bunker supplier to gain an economic advantage is detected. 

Depending on the needs of each ship, Insatech offers three versions of the particular system, Basic, Standard and Automated. All versions as a basic piece include a touch screen to monitor and process the entire refueling process.
The Basic version only includes the Coriolis counter, measuring only the fuel density. 
Standard version includes, together with the meter, a temperature measurement sensor and two pressure sensors, while allowing the measurement of the temperature and pressure of the fuel flow. 
Finally the Automated version, which is  the complete system, which includes the pressure valve. This particular version, among other things, can detect it and the air in the fuel. It can also react to any changes that occur in fuel quality, which do not meet the standards that have been set, giving signals and warnings during refueling.
 The bunkering process  is performed in four steps (Fig.5.):

1. The flow of fuel is measured by the Coriolis meter, which (as seen above) by means of sensors controls the density and temperature of the fuel.

2. A bunker report is created automatically after every refueling that is stored in a database and contains basic information such as time and duration of refueling, average fuel density and temperature, fuel flow velocity etc.
3. The data and information from the measurements, after the end of the refueling, can be transmitted to the company's offices on land via the internet connection of the ship. Signals may also be sent for any warnings and hazards that occurred during refueling.

4. Finally, the report sheet with the basic supply control information may also be sent to the company's offices on land for further analysis.
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The software of this Bunker Management System is described below:
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New operation: This screen (Fig.6.) is the first to be seen and displayed before the start of bunkering. The necessary information such as the supplier's name, ship's name, IMO number, fuel density measured at degrees C, fuel quantity, etc. can be obtained. Usually all of the above information is collected from the refueling company's fuel delivery note (BDN) delivered to the ship before the start of bunkering.
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Bunkering: This screen (Fig.7.) gives us a complete picture of the entire process during refueling by providing valuable information. On the left side of the screen and above there is a window with the information that was passed to the start screen initially, before starting the refueling. Below this window there is another (bunker fuel flow meter) in which, as we see, there are all measurements made during refueling provided by the Coriolis counter. These measurements relate to fuel mass flow, density, temperature, consistency, and so on
Measurements of mass flow, temperature and fuel density are shown diagrammatically (right and top of the screen), thus monitoring their trend throughout the refueling. Information on the start time, the remaining time, the remaining fuel quantity, and the percentage of air enclosed in the fuel is provided in a smaller window at the bottom of the screen. Below this there is the alarm window. Finally, on the right and below, the whole system is displayed, giving information on fuel pressure and flow.
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Report generator: At the end of the process, all data gathered by the system during refueling, such as refueling time, average density, fuel temperature, etc. are displayed on the reporting screen (Fig.8.) The same information is provided in the refueling report which is automatically generated at the end of the refueling, except that more detailed information is provided on this display.

Batch History: On this screen (Fig.9.) we can see some basic information from previous refueling such as the length of refueling the quantity and type of fuel. Here too we can see the reference sheet for each of the past supplies for more detailed information. [10]


H.  Krill Systems  Bunker Management System (BMS)

This system also uses Coriolis counters as well as the Insatech system. Counters from this particular company can be placed vertically (Fig 10.).


 Krill Bunker DBPM software incorporates OIML/MID approved (Coriolis) mass-measuring meters to minimize inherent inaccuracies found in two and three phase Heavy Fuel Oil (HFO) transfers. In both lines, flow rate, temperature and density are displayed in real time both digitally and graphically and a ‘Bunkers in Progress’ display area (Fig. 11.) shows the total volume of bunkers delivered, ticket numbers, start and stop times and an area where additional notes can be entered.

Tickets can be printed as soon as bunkering is completed. Bunker history, showing all relevant information, including aeration percentage, is always stored and displayed for all bunkering events. Back-flow oil is measured as a negative and therefore reflected as bunkers being discharged. Using Microsoft SQL server database technology, Krill records all Bunker loading data, with 2-second resolution, for onboard display. This data can be transmitted to any number of remote operators for monitoring, analysis and compliance reporting as required. All bunkering transactions are recorded permanently in the Marine Bunkering System’s SQL database.  The amount of historical transactions is essentially unlimited.  With the Vessel Operations Center option, bunkering transactions can be instantaneously uploaded to the corporate office over the Internet.[13]


VIII. Fleet bunker management systems
When companies monitor bunker usage by vessel, instead of at the fleet level, they risk missing valuable information. Aggregating bunker purchases across an entire fleet allows operators and charterers to improve decision-making and, ultimately, to optimize profits. Fleet Bunker Management system is an efficient and intelligent system that assists in optimizing the bunker procurement plan for the vessel with various constraints, such as bunkering ports selection, bunkering amounts determination, and ship speeds adjustment and weight are inbuilt to have an effective plan in place.[12]
 Today, high prices, market volatility, and continually evolving environmental regulations have made it more important than ever to optimize fleet-wide bunker performance and procurement strategies.
These systems runs on a server at the office and on each vessel, and is seamlessly connected so that data entered in one place will automatically be transferred to the other end. It is possible to create/edit new performance reports onboard the vessels and send these reports to the office database. The reports will be validated against base-line values and limits to provide the best possible data for analysis.[14]
A. IMOS Bunker Management system by Veson

IMOS Bunker Management is a cutting-edge tool that helps maintain profitability on every voyage. IMOS Bunker Management provides complete workflow support for bunker estimates, bunker requests, price inquiries, and purchases. Bunker Management improves request response times and fleet-level visibility, optimizing purchase decisions and financial results. By increasing access to information and performance analysis, company’s supervisors can think more strategically and achieve better financial results.

IMOS Bunker Management tools automate workflow and communication so bunker specialists can plan more effectively and think more strategically. Specialists can improve bunker forecasting accuracy with fleet-wide position analysis; negotiate better pricing based on comprehensive purchase histories; streamline request and inquiry processes to improve accuracy and throughput; improve response time with automated request alerting; and track the availability and performance of bunker suppliers in every port. [12]




B. IBMS  Intelligemt Bunker Management System by Solverminds
Solverminds IBMS software has smart optimizer engine integrated with client’s application to have a seamless flow of information. Optimized plans can be generated at regular intervals, as desired to have the most updated plan ready for varying scenarios. With IBMS  software, different fuels can be measured without the need for readjustment. In conjunction with other vessel data (speed, wind, waves etc.), it is possible to determine the optimum operating state for a vessel and thereby maximize efficiency. A web based quotation evaluation system is also proposed to automate the quotation process.

Software’s features are:

·  Entire bunker plan can be viewed in dashboard

· Quick tracking of bunker activities and update

· High accuracy inline and real-time measurements

· BMS can be configured in cloud based / SAAS mode which help to reduce huge cost on hardware setup

· System updates the quantity of different oil types for the latest departure port based on the VPR & Noon report

· Contract management and historical tracking for reliable delivery

· Extensive management and operation delivery analysis

· Maintain bunkering dashboard to proactively identify and apply corrective measures

· Finalize fuel requirement using the market price analyzing tool

· Structural way of process is followed to get the quotation on the correct time

· Validate vessel port report and noon report in service gate module

· Display the Arrival and Departure fuel ROB in Bunkering dashboard for easy bunkering reference

· Provides graphical format of the estimated quantity of oil for the next port detail

· Creates bunker requisition with minimum required quantity of oil type to reach next bunkering port

· System calculates fuel cost by analyzing fuel price of adjacent bunkering port.[13]
Key benefits of the system are described at  Fig.14.  


IX. conclusions
Bunkering is a high risk operation, where mistakes can result in pollution and high financial losses. Fuel cost represents 50-70 % of the total operating cost of the vessel. As the prices of fuel increase every day and the environmental policies on ships’ emission become more stringent, it becomes very important for the shipping companies to keep a check on fuel consumption and utilization and develop ways to correctly measure the quantity of the fuel used on board ship. With increasing oil prices and conservation efforts, careful bunker management and increased engine efficiency have become vital for environmental and financial reasons. 
Today, high prices, market volatility, and continually evolving environmental regulations have made it more important than ever to optimize bunker performance and procurement strategies.

Therefore a Bunker management system is extremely important and necessary not only to observe and control bunkering procedure on board the vessels but also to help company’s managers to get right decisions and develop appropriate programs and strategies that will lead the company to significant economic benefits .
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Fig. 2.  Drip sampler





Fig. 3.  Steel tape





Fig. 4.  Coriolis mass flow meter





Fig.5.








Fig.6.








Fig.14.








Fig.8.








Fig.9.








Fig.7.








Fig.11.








Fig.12.     Bunker Management Purchase








Fig.13.     Bunker Management Alert








Fig.1.    Marine fuel types
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