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ABSTRACT 
 

Ships carry fuel, batteries, propane, alcohol, wood, plastic, fabric, etc. When these materials burn, 

special types of fire extinguishers are required to suppress the fire. 

This study includes fire extinguishing systems used in the maritime industry, the area of use, and 

the application of two fire extinguishing systems. Using different fire extinguishing systems, 

developments, and the systems that can be directed in the future are also described. Water-based- 

sprinkler, gas-based, foam-based and powder-based systems have been studied and some 

regulations have been reviewed for the prevention of sea and yacht fires and their impact on 

safety. 
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1. Introduction 

Many situations can cause loss of life and property on ships. One of these reasons is the occurrence 

of a fire on the ship. Fire extinguishing systems are created in a way to reduce the loss of life and 

property with certain criteria and rules determined by the authorities which class and flag state. 

Fire extinguishing systems have different rules and applications in private, commercial, and 

military ships. Especially ships used for personal and small commercial purposes are subject to 

rules by class authorities and flag states, exempted from many rules or at certain points, the rules 

are more flexible. On the other hand, commercial ships subject to some flag states may be subject 

to additional rules and practices compared to a class and other flag states. 

 

2. Marine Fire Extinguishing Systems 
Marine Fire Extinguishing Systems can be classified as into three categories [1]. 

1. Portable fire extinguisher. 

2. Semi-portable fire extinguisher 

3. Fixed type firefighting equipment onboard ship 
These systems provide water, gas, foam and powder base protection.  

2.1 Water Based Fire Fighting Systems 
Water based fire-fighting protection systems protect machinery category A and special cargo spaces, local 

protection of machineries, accommodation spaces, vehicle areas and cargo holds. Multiple spaces can be 

protected by one water based system (see Figure 1). 

Water based fire-fighting system is designed according to related code in FSS Code, such as MSC 

Circ. 265(84) should be followed when accommodation and service spaces are protected. Water-

based systems are usually manually operated and fresh water should be used in the first-place 

exempt car deck protection.  
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Figure 1. Water protection in Engine Room. 

2.2 Gas Based Fire Fighting Systems 

Gas based fire-fighting system protects machinery spaces category A and closed deck vehicle 

areas. System is designed according to related code in FSS Code. Gases like CO2, Novec1230, 

FM200 and Inergen use in gas based fire-fighting system (see Figure 2). 

The main issue of the design of a gas based protection system is human safety. Most of European 

countries prefer to use clean agent gases like Novec1230, Inergen, etc. Unfortunately, using clean 

agent gas is not enough for human safety. Therefore, Concentration of gas should be between 

Lowest Observed Adverse Effect Level (LOAEL) and No Observed Adverse Effect Level 

(NOAEL). No Observed Adverse Effect Level calculated on the net volume of the protected space 

at the maximum expected ambient temperature without additional safety measures [2]. Lowest 

Observed Adverse Effect Level, inert gas is used at gas concentrations above 52% calculated on 

the net volume of the protected space at the maximum expected ambient temperature [3]. 

 

Figure 2. Gas Based Protection 
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2.3 Foam Based Fire-Fighting Protection 

Foam based fire-fighting system protects helideck area and bilge areas in machinery spaces when 

these spaces protected by water mist and deck foam systems. 

Helideck protection is designed according to CAP437 depends on D-value of the design helicopter 

[4]. This system can be designed in two ways. The first system is designed with a fire monitor 

system. The other one is called Deck Integrated Fire-fighting System (DIFFS) which consists of 

pop-up nozzles protection. 

2.4 Powder Base Fire Fighting Protection 

Powder base systems are usually used in Bunker Stations production. They are used for fires with 

solid, liquid or gaseous substances and for metal fires, thus, they are used for fire classification 

A, B, C and D. These systems are used as fixed and portable on ships. Although the most common 

use of dry powder is portable fire extinguishers, it can also be used for tank protection in private 

boats operating at special fueling stations and LNG terminals, which are also referred to as fixed 

systems. 

 

3. FIRE EXTINGUISHING SYSTEM ON YACHTS 

Fire protection systems requirements on yachts are classified by gross tonnage and length. There 

is no specific fire protection system classification for yacht types and hull materials. 

3.1 Water Based System 

Yachts are protected by water based fire-fighting system can be used in machinery and 

accommodation spaces on yachts. Automatic sprinkler system is used in yachts because they have 

more accommodation space than commercial ships. This system is activated only if the heat 

sensitive glass bulb is broken. Only broken nozzles lets spraying.  

3.2 Gas Based Systems 

Gas based system protects engine rooms and cargo pomp rooms. Gas system, even though the 

clean agent gas does not directly affect human health, it is not preferred in accommodation areas. 

Halon 1211, 1301, 2402 and perfluorocarbons are prohibited to use of protection of machinery 

spaces. 

Gas based system is preferred for engine rooms in small yachts since system weight will be lighter 

than water based system. Addition to this, if engine room is very small, system can be automatic. 

 

4. COMPONENTS AND EXAMINATION OF SPECIAL SYSTEMS USED ON YACHTS 

 

In this study, water and gas based fire-fighting systems were evaluated for two yachts. The review 

of the systems is given below, respectively. 

4.1 Water Mist System 

A water mist system is applied to a 30 m length yacht which is built in Turkey, under RINA. 

Accommodation space is protected. System is included pump, nozzles, butterfly valve with 

electrical actuator, zone valves, control system. Nozzle arrangement is given in Figure 3. System 

P&ID is given in Figure 4. 

 

System capacity is calculated based on the number of nozzles, k-factor of nozzles and working 

pressure of nozzles (Table 1).  

Q = n. k. √𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒          (1) 

where, 

n= number of nozzle, k=k-factor of nozzle. 
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Figure 3. Nozzle Arrangement. 

 

Figure 4. P&ID of System. 
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Table 1 Calculation of system capacity. 

Protected Space 

Number of 

Nozzle 
K-factor  Pressure 

Capacity (with 

loss) 

Accommodation Space (OH-L1) 20 13,5 6 708 

Accommodation Space (OH-CO) 3 15,5 6 122 

TOTAL CAPACITY 830 

 
After placing the nozzles in the protected area, Equation (1) is used taking into account the 

pressure and capacity loss caused by the pipes. The capacity is calculated as 830 l / min @ 10 bar. 

According to this calculation, the pump capacity should be selected as 50 m3 / h @ 10 bar. After 

the pump capacity selection, design details and technical data are obtained from the pump supplier 

(Table 2). 

 

Table 2 Design details and technical data belongs to pump. 

DESIGN CRITERIA 

Fluid : Flange Standard: Pressure Class: 

Fresh Water / Sea Water 
Suction Discharge Suction Discharge 

DN65 DN50 PN 16 PN 16 

      

According to Table 2, the pump's suction flange and discharge flange dimensions are DN65 and 

DN50, respectively. When designing the system, the water flow rate should be between 4 - 6 m/s. 

Valve size =  √((𝑄 × 60/1000) × 𝑉/(3600 × π4)) × 1000    (2) 

 

According to Equation (2), valve size should be 66.34-54.2 mm and 1 DN50 PN16 wafer type 

check valve should be used in the discharge line of the pumps. 

Since the pump suction flange is DN65 PN16, a DN65 PN16 wafer type butterfly valve is used 

in the suction line of the pumps. 

The system should be fed from freshwater and seawater. Two DN65 PN16 lug type butterfly 

valves with electric actuators - the same size as the pumps' suction valve - are used for water 

suction from the freshwater tank and the sea chest. The system should be first fed from freshwater. 

If freshwater cannot be sufficient to extinguish the fire, system should be automatically 

changeover the seawater. The system comprises an accommodation zone. Therefore, 1 flow 

switch is used in accommodation zone lines to detect water velocity flow and wet type zone valve.  

One main control panel is mounted an appropriate place in engine room. Automatic nozzles are 

should be in under pressure. One pressure tank is used for to hold automatic nozzles under 

pressure. Pressure tank capacity should be bigger than accommodation water mist system 

capacity. In this study, the water mist system capacity is 830 l/min and the pressure tank capacity 

is taken as 900 liters. 

Automatic sprinkler system design as nozzles can be broken when temperature is higher than their 

capacity and system works automatically. However, that does not mean all nozzles broke and 

extinguish the water in protected spaces. Only broken nozzles are extinguished. 

Finally, one remote control panel which includes Emergency stop button, selector switches and 

buzzer. In this panel, end user can control fire pump operation and zone valves. 
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4.2  Gas Based System 

A gas based system is applied to a 56m motor yacht which is built in Turkey under RINA. 

FM200 System was used. Flooding factors were calculated and given in Table 3. 

 

Table 3. Flooding Factors. 

 

 

FM200 gas system is designed according to NFPA 2001 and working temperature is 0 ºC - 50 ºC. 

Due to flooding factor table, agent quantity requirement per volume of protected hazard is 0.751 

[5]. 

Net volume is here 35 m3, and the capacity is calculated using the following formulation.   

 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 𝑛𝑒𝑡 𝑣𝑜𝑙𝑢𝑚𝑒
× 𝑎𝑔𝑒𝑛𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑝𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑝𝑟𝑜𝑡𝑒𝑐𝑡𝑒𝑑 ℎ𝑎𝑧𝑎𝑟𝑑 

 

Capacity =  35 ×  0.751 = 26.23 kg and this is the amount of gas required.  

One piece 32 liter FM200 container with 27 kg filling is needed. Gas is supposed to discharge in 

10s in a protected zone. 2.7 kg / sec flow is needed for the protected area. According to Table 4, 

it can be used 25 mm nozzle for protected to zone. 

After selecting the use of 25 mm nozzle and 32l FM200 cylinder to use, one electric and one 

manual actuator are needed for the active FM200 cylinder. 

If a user wants to see gas pressure in cylinder, a supervisory pressure switch can be used on 

cylinder to show FM200 gas pressure in cylinder. This request usually comes from the Navy on 

Navy projects. On the other hand, if a user wants to see gas pressure in cylinder on panels, a 

discharge pressure switch can be added in the system. This request usually comes from the 

Navy on Navy projects too. 
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 Table 4. Flow in Schedule 40 Pipe 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Nozzle arrangement 
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Finally, after yard send the isometric diagram for piping, nozzle arrangement is drawn and nozzle 

drilling can be calculated with supplier application. According to drilling size, nozzle can be 

manufactured. The related nozzle arrangement is given in Figure 5. 

 

5. Conclusion 

Fire extinguishing systems are developing with the investments made, developments in 

engineering and technology, environmental awareness and customer demands. With the use of 

environmentally friendly fuels in ships, the systems used are also changing accordingly. Although 

it is pleasing that the use of environmentally friendly gases is so common in both commercial and 

military ships however, there are problems caused by the single use of these systems. 

It seems the same that the reduction of fossil fuels used day by day will reduce the foam-based 

protection, as the dry powder fire extinguishing system has very little usage area today. On the 

other hand, although the water-based fire extinguishing system is often the definitive solution in 

extinguishing the fire, there are some negative situations it brings. In the system to be used for 

the protection of living spaces, there is a need for a fresh water tank to feed the system for half an 

hour or a pressure tank to keep the system under constant pressure. Such negative effects can be 

minimized by being revised by both the flag and the classification organization with the correct 

information provided by sub-suppliers during the design phase of the project. Also, small ships 

such as a yacht or non-classification ships are mostly exempt from rules and authority controls. 

This fact leads shipbuilders and owners to the cheapest possible protection. But this situation will 

result in loss of life and property when a fire breaks out. For this reason, the necessary rules to 

prevent fires that pollute the environment and cause loss of life and property should be applied to 

any type of ships without flexibility. 
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