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ABSTRACT  

This article explains the advantages of Floating Production, Storage, and Offloading ves-
sels, recent trends in mooring systems, hull construction, safety, and operational aspects. 
These types of vessels are vital to the modern offshore oil and gas industry. These special-
ized ships are designed to process and store hydrocarbons from offshore oil fields and of-
fload them to shuttle tankers or pipelines. Their adaptability and mobility make them es-
pecially valuable in deepwater and remote locations. These vessels, converted or specifi-
cally built for oil production, represent a significant evolution in the offshore extractive 
industry, offering a set of operational, economic, and strategic advantages that have posi-
tioned them as preferred options in numerous projects around the world.  
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1. INTRODUCTION  

The oil industry that produces oil from 
the oceans uses some of the best systems 
today, called floating production, storage, 
and offloading (FPSO) units. 

These are floating units that provide oil 
platforms, in addition to storing petroleum 
products, for their production/refining. The 
main functions of these floating units are oil 
and gas exploitation, separation of oil, gas, 
water, and impurities, storage, and transpor-
tation of crude oil, thus providing a solution 
where a fixed infrastructure is impractical 

[3]. FPSOs are equipped with accommoda-
tion modules so that they can be operated and 
maintained by the necessary personnel, have 
increased storage capacity, and functionality 
is adapted to specific conditions, such as ex-
treme weather [10]. Thanks to the sophisti-
cated mooring systems adopted by modern 
FPSOs, safety and efficiency are optimized 
during production and offloading operations 
[13].  

If initially, offshore oil and gas were ex-
tracted from fields up to 50 meters below the 
water surface using pipelines, the method 
became economically inefficient for produc-
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tion from offshore fields at depths of several 
hundred meters and up to 100 kilometers 
from shore. This inefficiency led to the 
emergence of FSOs and later FPSOs. 

Today, oil is extracted at depths of over 
2900 meters below the sea surface, and for 
submarine gas production, the depth is ap-
proximately 2700 meters [12]. 

The FPSO concept enables oil compa-
nies to produce oil in isolated offshore areas 
and deeper water than would have been eco-
nomically feasible with other technologies, 
such as fixed-pile structures. In addition, it 
has storage capacity for the treated crude oil 
that has been produced, being equipped with 
an unloading system for the crude oil to be 
transferred to tankers for transport to refiner-
ies, instead of using pipelines to transport the 
oil to shore. These floating units are consid-
ered the best systems for storing and produc-
ing/refining petroleum products [20]. 

Several steps describe the functions that 
FPSO units perform [13]: 

-Production, which implies that an FPSO 
unit is equipped with equipment that acts as a 
refinery for distilling oil extracted from the 
ocean; 

- Storage, a function through which an 
FPSO filters the extracted oil, being built of 
safe and durable tubes and tanks to avoid 
unwanted oil leaks that can pollute the ma-
rine environment; 

- Unloading, which involves the transfer 
of oil from an FPSO unit to another tanker or 
pipeline.  

The topside system and the hull system 
are the two primary systems found in off-
shore vessels. Oil and gas are produced using 
topside systems, which are located on the 
decks of offshore processing plants [24]. Oil 
and gas are stored in hull systems, which are 
found on the lowest decks of offshore pro-
cessing plants. When taking into account the 
primary purpose of an FPSO, topside sys-
tems are significantly more important than 
hull systems [11]. 

Because of the restricted deck area, an 
offshore installation needs to be small, light, 

and built with a high degree of inherent pro-
cess safety. Stable and reliable operation in a 
marine environment while accounting for the 
vessel's motion is another necessity to take 
into account. A high degree of modularity, 
simplicity of use, minimal equipment, quick 
startup, and high availability are all require-
ments for the offshore installation [14], [15].  

Such an FPSO unit is usually based on 
the hull of a converted oil tanker, being 
equipped with hydrocarbon processing 
equipment to separate and treat crude oil, 
water, and gases, which arrive on board from 
submarine oil wells through flexible pipes 
[22]. 

The oil, after being treated, is trans-
ferred to the cargo tanks in the FPSO hull. As 
for the treated gas, it is used as fuel for pow-
er generation on board, with excess gas being 
reinjected back into the subsea tanks or ex-
ported via a pipeline to shore. The water pro-
duced during production is discharged over-
board, within the limits permitted by envi-
ronmental legislation. Alternatively, the wa-
ter can be injected into the tanks [25]. 

 
2. FPSO design 
 
FPSO vessels can be classified based on 

various criteria, such as design origin, moor-
ing system, and others. 

 
2.1. Hull type 
 
New FPSOs, built from scratch, are 

adapted to specific field conditions. They 
offer long life and modern technologies, but 
are more expensive and take longer to build. 

FPSOs converted from old tankers, 
which offer lower cost and faster deploy-
ment, although they may lack some modern 
features, have shorter remaining life, and 
may have size or weight limitations [26]. 

FPSOs converted from old oil tankers 
offer lower costs and faster implementation, 
although they may lack some modern fea-
tures, have a shorter remaining lifespan, and 
may have size or weight limitations [23]. 
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2.2. Mooring system 
 
A crucial part of creating a deepwater 

moored FPSO is the integrated design of the 
mooring system, which includes the hull and 
surface of the vessel, the flow column and 
piping systems, and the installation location 
[1], [4]. 

However, mooring systems for numer-
ous deepwater fields have been planned 
without taking into account all necessary 
interfaces, as demonstrated by several build-
ing projects for such vessels [7], [23]. This 
has resulted in expensive mid-project revi-
sions, increased component costs, and an 
impact on the schedule and installation [2] 
[6]. 

FPSOs can be fitted with spread-
mooring systems, shown in Figure 1a, which 
anchor the vessel at several locations on the 
seafloor to increase stability, or central moor-
ing systems shown in Figure 1b, that allow 
the ship to rotate according to the weather 
conditions, according to the needs of the ter-
rain [16]. Because of its fixed orientation, a 
spread mooring method makes the vessel 
more susceptible to environmental influences 
such as wave direction and intensity [17]. 
Vessels equipped with this system are vul-
nerable to waves striking at greater angles 
because of their fixed position, which raises 
the possibility of significant vessel oscilla-
tions, especially roll movements. In harsher 
maritime conditions, this can be problematic 
[8]. 

A central mooring method, on the other 
hand, makes use of a turret column that is 
anchored to the ground. Because of the tur-
ret's integration into the FPSO's structure, the 
ship may weathervane, or rotate, to encounter 
the least amount of resistance from currents, 
waves, and wind [9], [10]. By reducing ves-
sel motion, its design guarantees more stable 
operations. Another safety advantage provid-
ed by disconnectable turret mooring systems 
is the ability for FPSOs to swiftly separate 
from their moorings and risers in the event of 
severe weather, including hurricanes, ty-

phoons, or icebergs in areas like the South 
China Sea or the Gulf of Mexico [11]. 

 

 
Figure 1 Spread moored floater (a) and turret 

moored floater (b) [16] 
 

3 . FPSO process flow 
 
  The first step in the production process 
is the use of subsea wells to extract hydro-
carbons from underwater reservoirs, as can 
be seen in Figure 2. These are connected to 
the FPSO by a system of risers and flowlines, 
which allow the gas and oil to flow up to the 
ship [2], [5]. 

After arriving at the ship, the hydrocar-
bons go through a series of processing steps. 
These are designed to separate the mixture 
into its parts, using specialized equipment 
that separates water, natural gas, and crude 
oil. Before being transported, the crude oil is 
first transferred to storage tanks inside the 
FPSO unit. A part of the natural gas is uti-
lized as fuel to power the vessel itself, while 
the remainder is either compressed and ex-
ported, flared, or reinjected into the reservoir. 
This is contingent upon the particular config-
uration and infrastructure of the FPSO  [18], 
[19]. 
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In order to comply with environmental regu-
lations, the frequently contaminated water 
that is obtained during the process is treated. 
If it's safe to do so, treated water can be dis-
charged back into the marine environment or 
reinjected into the reservoir to help recover 
oil and maintain pressure. Strict safety and 
environmental regulations govern the han-
dling of other contaminants, such as sand or 
chemical additives [21].  
 Facilities for offloading the refined 
crude oil are also available at the FPSO. 
When the onboard storage tanks are full, a 
system of loading arms or flexible hoses is 
used to move the oil to shuttle tankers. These 
tankers then deliver it to onshore refineries, 
where it receives additional processing to 
turn it into a product that may be used [27]. 
 

 

Figure 2 FPSO process flow 

4. CONCLUSIONS 

FPSO ships are a vital part of offshore oil 
and gas production, offering a flexible and 
efficient alternative to traditional platforms. 
As the industry evolves and demands more 
sustainable solutions, FPSOs are expected to 
integrate greener technologies and continue 
playing a central role in global energy pro-
duction. Future FPSOs and other ships are 
expected to make a transition to greener en-
ergy sources through the implementation of 
renewable energy technology that will reduce 
the carbon footprint of the oil and gas indus-
try. Hybrid FPSOs, which combine solar and 
wind energy, are a new trend that fits in ide-

ally with the objectives of global sustainabil-
ity. 
 Given the need to reduce greenhouse 
gases, the oil industry is aiming to integrate 
carbon capture and storage devices into 
FPSO operations, developments that, in addi-
tion to improving compliance with environ-
mental regulations, fully utilize FPSOs as 
part of the overall energy transition process. 

Therefore, one of the goals of the off-
shore oil and gas industry is to achieve sus-
tainability and environmental responsibility 
through the diversification and integration of 
renewable energy sources. That is why off-
shore platforms today offer renewable energy 
options to contribute to the decarbonization 
process. 
  

5. FUTURE DIRECTION  

Future research could aim at a more in-depth 
study of modern FPSOs, which are capable 
of integrating advanced automation systems 
for remote monitoring and control of opera-
tions, thus improving efficiency and safety. 
The authors also propose researching the 
optimization of the energy consumption of 
FPSO units. 
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