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1 INTRODUCTION 

The exploration of offshore oil fields imposes 
many challenges to the companies involved in it. Each 
exploration area has different demands related to the 
number of wells, the water depth, how the oil is ex-
tracted and many other concern aspects. One im-
portant point is the logistics to supply the offshore 
structures (OS), far from the coast, with the important 
needs they demand to perform their work.  Many stud-
ies were made about the transportation of people from 
the shore to the OSs [1],[2] as this is a main source of 
risk to the people involved. The papers study different 
ways to transport people from the shore to the plat-
forms including the direct way using helicopters [3], 
the use of a floating hub [1], [2] and studies about the 
shape of the hub. The objective in these cases is mini-
mizing the risks and the cost associated with the logis-
tics chosen by the oil companies. 

In another area of research, it was studied the logis-
tics to supply the offshore structures with the fuel nec-
essary to do their work. The standard way to do so is 
the usage of a fleet of platform supply vessels (PSV) 
that transport the fuel from a port in the shore to the 
OSs. The logistics associated with it was studied to 
optimize the fleet size [4], to have the minimum costs 
and to better attend the OSs demands. Many different 
solutions were studied including the definition of a 
fixed number of PSVs, the hiring of independent PSVs 

for high demand periods, and schedule strategies to 
better meet the OSs requests. 

This logistics is something significant within the oil 
exploration in deep waters and many kilometers far 
from the coast. In the Brazilian coast, the efforts to 
better supply the OSs were intensified after the break 
of the monopoly of the state-run company Petrobras. 
At that time, it had a deep knowledge in exploring 
deep water reservoirs and, with new players compet-
ing in the industry, it improved its processes and have 
got even more efficiency driven.  

To supply the OSs, a fleet of supply vessels that 
feed them periodically is required with voyages that 
may take several days due to the distance from the 
nearest port. This work studies the diesel logistics and 
ways to improve it. Three case studies were simulated 
in the ARENA software: 

 
 Case 1 – PSV fleet 
 Case 2 – Fixed offshore HUB 
 Case 3 – Not-fixed offshore HUB 

 
The objective was to determine the best solution for 
the diesel logistics accounting for the technical feasi-
bility and the economic characteristics of each case. 
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ABSTRACT: The offshore oil and gas exploration is a new area of development and so it faces challenges that 
require innovative solutions. Besides the huge technical developments in the oil extraction and subsea opera-
tions, the logistics play a major role in the success of the activities in this new field. In order to keep the plat-
forms fully operational it is necessary a complex system to delivery all the supplies that are requested in the 
most efficient way. The platform supply vessels are the main entities that work within the supply chain deliv-
ering all goods from perishables to chemical products including diesel. This fuel is one of the supplies that uses 
big volumes of transportation therefore it was given a deeper attention to its delivery system. In this work they 
were made simulations in the ARENA software to determine the feasibility of placing a HUB offshore to serve 
as a diesel distribution point closer to the platforms. The objective is to assess if this approach provides a more 
economical solution in comparison to the logistics straight from the port. One third approach was considered 
with the possibility of the HUB to move itself to be reloaded with diesel at the port. It was run a sensitivity 
analysis on the principal characteristics of the system such as ships’ speed to find possible refinements in the 
entities involved in the logistics. The results show that each case has advantages in relation to the others with 
the third case to be the most economical one. 
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The initial commercial exploration of oil was made in 
the south of United States of America in the 19th cen-
tury. In the search to the best reservoirs, after explor-
ing the most important inland reservoirs, the oil ex-
plorers found good prospects in the seashore and took 
the existing structures to this region as seen in Figure 
1. 

[5] 
Modern offshore industry started in the Gulf of Mex-
ico in relatively shallow waters (4 meters deep) at 1.6 
km off the coast of Louisiana. In this new frontier they 
found that there were better reservoirs in big depths 
requiring higher and more expensive structures. Some 
of the fixed structures were higher than the Eiffel 
tower making studies of a floating platform feasible. 
Furthermore, in ultra-deep waters it was impossible to 
build towers high enough to reach the seabed. 
The solution was through the use of floating structures 
anchored to the seabed and, in the present, stopped in 
place by dynamic positioning. 
The first floating drilling vessel was commissioned in 
1953 with capacity to drill from 122m to 914m depth 
[5].  
Other different floating structures were developed to 
drill new wells and to explore in the offshore area. 
Some important structures to drill are the oil plat-
forms, jack up rigs, submersible drilling rigs, semi-
submersible platforms and drillships. 
Since 1970, there were seen giant offshore discoveries 
off the coast of west Africa, Gulf of Mexico, North 
Sea and Brazil. The North Sea has a sea state with 
shallow waters, strong winds and high waves. This led 
to the development of structures specific to this con-
figuration, notably the jack-up platforms. With it, it 
was possible to have a good mobility to drill as well 
and the possibility to lift it and avoid the characteristic 
waves of the region.  
In the Campos and Santos basins, in Brazil, there is a 
big variety of structures due to the different water 
depths of the area. In latter years, they were developed 
wells in ultra-deep waters, where it is impossible to 
use the jack-ups as in North Sea. Because of it, in this 
region, it is common the use of drilships. This ship 
shaped vessel has a downside of having a strong wave 
response in heave what is not desirable for the drilling 
process. This is a big problem in the North Sea but not 

so much for the Brazilian coast, where the waves are 
relatively short. 
In this region, the main structures that are involved in 
the exploration are: 
 
• Platform Supply Vessels (PSV) 
• Anchor Handling Tug Supply Vessel (AHTS) 
• Fixed platforms 
• Floating Production Storage Offloading (FPSO) 
• Semi-submersible Platforms 
• Drillships 
 
Simulations in this work focused only in the platforms 
present in Santos basin and the PSVs that feed them. 
In this basin there are 2 fixed platforms and 14 FPSOs. 
Information about demand for AHTS and drillships 
follow very specific politics of each company and 
were not included in the model. Anyway it is possible 
to infer that there is a shadow demand of diesel off-
shore that may take advantage of the logistics pro-
posed. 
The logistics of oil transportation follow the opposite 
direction of diesel logistics. While oil needs to be 
taken from offshore to the coast, diesel goes from the 
coast to offshore. Companies like Petrobras take ad-
vantage of the ports and terminals in both directions. 
At the sea, platforms and FPSOs need to be connected 
to a tanker that transports oil to the shore or to a pipe-
line that goes to the shore. In many cases, a tanker 
stays close to the platform and other smaller ships, 
called Relief Ships, transport the oil to the shore. In 
the terminals, the oil is transported to refineries where 
it is distilled in its sub products. One of them is diesel 
which has a small flow going in the opposite direction 
and will be described for each case proposed in this 
paper. 

3 BIBLIOGRAPHY REVIEW 

 
Logistics and supply chain had different names and 
descriptions throughout history. Bowersox defined the 
integrated logistics as the activity that integrates the 
companies with its clients and suppliers [6]. 
In this work, the clients were defined to be the OSs 
that make the order to be refueled. The suppliers are 
the port and, in the model proposed, the possible float-
ing HUB. Material flow goes from the port to the OSs 
and information flows in the opposite direction. Bal-
lou [7] divides the logistics in four main groups: 
Transport strategy, Inventory strategy, Location strat-
egy and Costumer service goals (Service level). Fig-
ure 2 shows the triangle of logistics that correlates 
them all. 

Figure 1. First offshore drilling and production piers at Sum-

merland, California, source: [5] 
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Figure 2. Triangle of logistics strategy, source: [7] 

 
Service level is a very important concept in this chain 
as the fuel is critical to the whole exploration. The OSs 
run their operation based on a variety of fuels includ-
ing diesel in their base systems. They have high costs 
of affreightment so a stop in production due to a lack 
of fuel means very high costs for the companies. The 
challenge is to reduce the overall cost of the fuel lo-
gistics and deliver the diesel within the company re-
quirements. This means there is a minimum fuel level 
of the OSs that shall be respected. It also shall respect 
a maximum delivery time set by the company. On the 
other side, outstanding the service level would in-
crease the overall cost as will be shown further in this 
paper. After modeling the different scenarios, it will 
be possible to compare their overall cost keeping the 
same service level. 
It was pointed by the work of Borges [8] that the final 
costs that are expected must account for the total cost 
as approached by the systemic theory. That means it is 
necessary to calculate the costs with knowledge of the 
whole systems and the relation between its compo-
nents. In other words, it is possible that the reduction 
in one isolated component may increase the overall 
costs of the system and an increase may lower it. As 
one example, the cost to add one more ship to a fleet 
cannot be just added to the total cost as the new ar-
rangement may reduce the voyage expenses and actu-
ally decrease the total cost. 
On the demand side it was found all supplies requested 
by the platforms are supplied by the platform supply 
vessels as the name suggests. This ship is very flexible 
in storage types including different tanks and large 
deck spaces. Demands from the offshore structures 
that are transported on it can be divided in four main 
groups as described in the work of Borges [9]: 
 
• Deck cargo 
• Bulk cargo 
• Water 
• Diesel 
 

Deck cargo covers the equipment, replacement parts, 
pipes, perishable cargo and all other cargo of general 
use. Bulk cargo covers the cement, bentonite, barite 
and similar that use similar storage and transfer equip-
ment. 
In this work it will be studied the transportation of die-
sel with the possibility of having a specific vessel to 
store it near the offshore structures. This happens as 
the demand of diesel for the OSs is a critical factor to 
their operation and the volume amount of diesel re-
quired is relevant. This is true to both diesel and water 
[9] that may use the same logistics studied in this 
work. The studies for water were then left as sugges-
tion for future works. 
Service level of the holds in the port and its inland lo-
gistics were not considered in the system modelled. 
That means that it was supposed that inland arrange-
ments were not a bottleneck and have full capacity to 
attend the sea transportation of goods. This limits the 
model from the port to the delivery of diesel to the off-
shore structures. 

3.1 Offshore supply logistics 

Current logistics for offshore basins use a fleet of 
PSVs that supply the OSs with the demands described 
before. The vessels may operate from a single port or 
in different bases. In general, the PSVs get loaded in a 
single port and make voyages that attend the biggest 
number of OSs as possible. The routing and schedul-
ing of them is sensible to weather conditions, cargo 
capacity, boat speed, etc. 
PSVs are the principal way to transport material to 
OSs. They have capacity to transport different materi-
als such as liquid, bulk cargo and deck cargo. With 
exception for people and small parts that may go by 
helicopter to the platforms, all the material is trans-
ported using this type of ship. For this reason, the way 
these ships are used are a critical factor in the upstream 
logistics. The offshore basins in North Sea, Gulf of 
Mexico and Brazil have many OSs operating and they 
require supply to keep their processes running. Logis-
tics to do so may be complex due to bottlenecks and 
weather constraints. The requirements of the OSs do 
not come in a constant rate and can be predicted only 
until a certain level. It depends on the phase the well 
is (initial, constant or depletion) and on the well di-
mensions and morphology analyzed in the drilling 
phase. The distance from the port also play an im-
portant role as the orders have to be placed before if 
the well is far from the shore. Taking this into consid-
eration, there are three major aspects in managing the 
upstream logistics. 
 
• PSVs routing 
• PSVs scheduling 
• Fleet size 
 
Many studies were developed to optimize the routing 
and scheduling of the fleet of PSVs that attends the 
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OSs. The work of Cuesta et al. [10] explains one 
method of routing the PSVs using a Multi-Vessel 
Routing Problem with Pickups and Deliveries. The 
method described in that work improved the logistics 
by running longer routes and optimizing the load be-
tween the vessels. 
There are also papers that are dedicated to define the 
size of the fleet at disposal. The work of Maisiuk, Yau-
hen [4] simulate a fleet size based on the contract 
terms and sailing and service times. It describes the 
main types of contracts, long term and spot market, 
and include the prices to define the most economical 
solution. 
The routing and scheduling of the fleet of PSVs from 
the ports to the OSs were also studied and optimized 
for different case scenarios. In this work it was studied 
the logistics using a floating HUB in the offshore area 
and, therefore, the hub and spoke strategy will be re-
vised in the next chapter. 

3.2 Hub and spoke strategy 

As described in the work of Alumur et al. [11] “Hubs 
are special facilities that serve as switching, transship-
ment and sorting points in many-to-many distribution 
systems. Instead of serving each origin–destination 
pair directly, hub facilities concentrate flows in order 
to take advantage of economies of scale”. The cited 
work is a review of papers with the state of the art 
about hub location problems. It shows the many dif-
ferent mathematical approaches to optimize the net-
work with use of one hub or many hubs. 
The researches have difficult designing hub and spoke 
systems due to a main concern: The problem has two 
components to resolve that are intertwined [12]. One 
is finding the best location for the hubs and the other 
is finding the best routes, through the hubs, between 
the initial and final destinations. 
Most of the studies about it was made to airlines and 
airport industries and, more recently, to transportation 
systems. This trend was also noted in the offshore lo-
gistics. The majority of the papers studies the logistics 
using hub applied to the passengers’ transportation 
from the ports to the OSs. The work of Asgari [2] jus-
tified its study by stating that 75.000 people are trans-
ported from the Brazilian coast to the OSs in a 
monthly basis. Other studies discussed about the opti-
mization of this transportation with different strate-
gies. The work of Halskau [13] studied how an off-
shore hub could be used to transport the workers first 
in helicopters with big capacity to the hub and later in 
smaller crafts to the final destiny. The work of Asgari 
went further in designing and testing new hub shapes 
to be able to receive the workers by speed boats from 
the coast. 
The study of Øyvind Halskau sr. [13] goes in another 
direction analyzing the use of the hub only by helicop-
ters. The author proposes that each platform has one 
helicopter that transport its personnel only between 

the platform and the offshore hub. This happens in op-
position to the strategy of the helicopter to make stops 
in two or three platforms before going back. The main 
objective in the case proposed was to reduce the num-
ber of fatalities by reducing the number of landings 
and take offs the passengers were submitted.  
During the phase of study about the hub for diesel it 
was noted that the transportation of people and of fuel 
have interesting convergences. The deck area of the 
Tanker HUB may be used also to transfer passengers 
from big helicopters to smaller ones taking advantage 
of the scale of the route between the port to the off-
shore basin. 
The scale of the routes was a primary reason to the 
development of hubs in another field of study, the air-
line transportation. After a deregulation act in the 
United States in 1978, the airline companies could de-
cide how to manage their flights’ network [14] and the 
competition among the companies pushed them to 
find more efficient solutions. In this period, they made 
an important turn towards the hub and spoke strategy. 
They arranged to have more flights between the main 
sources and destinations of people. Furthermore, by 
the characteristics of the air transportation, they man-
aged to have the bigger planes between these main 
points of interests. After these arrangements were 
proved to be cost efficient, they went further by de-
manding the airplanes’ designers to make bigger 
planes to find the optimal solution in the new lines. 
One important characteristic in this field is that the air-
ports were “promoted” to hubs based on the region de-
mand. The hubs were not created as hubs initially. 
In the offshore field, the platforms were built with 
space efficiency and so there is no much margin for 
increases in tanks capacity. Even though, it exists the 
possibility to use any spare capacity of a platform, for 
instance in the depletion phase of a well, as a HUB for 
the other platforms. This analysis requires a deep ac-
cess to the platforms data what was not available for 
this work. For this reason, this solution was left as sug-
gestion for future studies. In this paper the proposed 
HUB was defined as a new vessel that will be summed 
up in the overall fleet of the company. 

4 MODEL DESCRIPTION 

 
Offshore logistics with platform supply vessels was 
extensively studied worldwide. Many algorithms were 
applied to optimize the fleet and level of service in dif-
ferent case studies ranging from the Brazilian coast to 
the Norwegian offshore exploration. Many of them 
started from a fixed number of ships and aimed at de-
fining the best route and schedule for them to perform 
the deliveries. Some of them started with a pre-defined 
schedule from the platforms and the objective was to 
determine the number of ships necessary to attend the 
schedule. The majority of them started from an exist-
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ing scenario where it was searched one optimal solu-
tion for one variable (for instance fleet size or cost) 
based on its constraints. 
In this work it was studied one innovative solution for 
the offshore diesel delivery thus requiring many sce-
narios to be compared and different results to be ana-
lyzed. Therefore, it was necessary to model all possi-
ble scenarios the more realistic as possible to 
understand the behavior of all entities involved in the 
logistics. The first step to do so is the description of 
the models that will be simulated. 
First it was simulated the most common case where 
the PSVs are loaded in one port, transport the cargo to 
the OSs (following the routing and scheduling) and re-
turn to the port. As discussed before, the simulation 
was limited to the transport of the fuel to the OSs due 
to its individual specifications.  

  
The second simulation case defined a floating hub in 
the offshore basin that storage the fuel in a location 
closer to the offshore structures. In this situation the 
PSVs perform much shorter voyages and therefore the 
quantity of vessels and of the fuel spent by them may 
be reduced. In this case the hub is fed from the port by 
a regular line operated by PSV ships. 

 

The third case is a derivation from the second, but the 
HUB is allowed to move back to the port. In this case 
there is no necessity of extra ships of the regular line 
described before what may reduce the overall costs.  

 
The simulation done in this work intended to be an in-
itial study of the economical and logistical feasibility 
of the HUB proposed. This way, for model purposes, 
the shape configuration of the hub was neglected, and 
it was assumed as a tank located offshore.  

5 SIMULATION 

The first step in the simulation process is describing 
the model which was done in the previous chapter. Af-
ter the description, it was done a data gathering about 
the entities and other aspects cited. As entities, they 
were used the OSs described previously. The OSs that 
will be attended in the simulation are the 15 platforms 
that Petrobras operate in the region at this moment 
(one platform, FPSO Cidade de Itajaí, was not in-
cluded in the logistics due to its location far from the 
others). They will be treated as clients of the system. 
Information about location, capacities, transfer times 
and voyages are defined as following. 

5.1 Location 

Their locations were taken with the marine traffic 
website [15] that uses information of the AIS device 
installed in them. The port that will be used as the base 
of the system is the port of Itaguaí, in Rio de Janeiro 
State. Older studies carried out by Petrobras indicated 
that its configuration and location made it suitable to 
the Santos basin logistics. 
The FPSO Cidade de Itajaí is supplied from the coast 
near its position according to the website, probably be-
cause of its distance to the other platforms. For this 
reason, it was not included in the logistics designed for 
the Santos basin. 
In the map it was included also the location of the 
HUB that will be discussed latter in this chapter. All 
the locations of platforms, HUB and the Itaguaí port 
were then registered in a spreadsheet to make a dis-
tance matrix. From that, it was calculated the average 

Figure 4. Case 1 representation 

Figure 5. Case 2 representation 

Figure 3. Case 3 representation 
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distance between the platforms and the port, the plat-
forms and the hub and the distances between each 
other (Table 1). 
 

Table 1. Average distances 

Average distance to the port [km] 276 

Average distance to the hub [km] 72 

Average distance between platforms [km] 105 

 
The HUB location was defined by the method of cen-
ter of gravity. That means that it has its location on the 
average of the longitude and latitude of all platforms. 
The distances registered in the matrix will be used in 
the ARENA software to account the voyages’ times 
between the entities. This represent the most im-
portant part of the work as the HUB purpose is to pro-
vide the fuel source in a position near the platforms, 
what was calculated as 204 km less distant in average. 

5.2 Capacities 

The diesel storage capacities play an important role in 
the logistic as this is how the lead time and the number 
of voyages are defined. To define the capacity of the 
platforms, it was investigated their IMO numbers and 
their configuration in the classification society web-
sites. For the platforms cited before, the average ca-
pacity was 4892 cubic meters. By the inherent config-
urations of the FPSOs, they have larger tanks in its 
hull compared to the thin structure of the fixed plat-
forms. Nevertheless, the demand of diesel is related to 
the oil field and has no relation with the platform’s 
tanks. Therefore, it was done one approximation and 
the demand was considered the same for all cases. 
This point was the most difficult to find data during 
the research as it relates to many interrelated variables. 
The core of the problem is that the pressure of the well 
and the production behavior is not predictable and fol-
low no formula. 
Furthermore, the diesel usage is strong related to prob-
lems with gas generators and the needs for well con-
ditioning. From a consultation with an engineer work-
ing in one offshore platform, it was said that the 
objective is to have a diesel usage close to zero when 
all the machines are working properly. From this point 
view, it is understandable how the consumption of die-
sel is relatively small compared to the dimension of 
the platform and its processes. In general, the con-
sumption of diesel, including all these uncertainties, is 
around 5m³/h. From the empirical data of the platform 
where the engineer was consulted, the platform con-
sumed 5.8m³/h which was extended to the other plat-
forms in the model. 
The major difference that a bigger tank has with the 
system is how much diesel the platform can receive 
from the PSV and for how long this charge will last 
until the next load. This discussion is important as it is 
necessary to define the level of the tank when it re-
quests the load to not to run out of fuel. In smaller 
tanks, the level of request needs to be high as it takes 

a significant amount of time between the request and 
the effective refueling completion. A small quantity of 
diesel remaining may be not enough to sustain the OS 
during this period. In big tanks as in FPSOs, this level 
is more flexible because a small percentage of the tank 
can last for several days. 
In other words, the point at which the platform makes 
the fuel requirement and the time that takes to the or-
der to be attended defines the service level of the sys-
tem as described by Ballou [7]. It was necessary to de-
sign the model to fulfill the needs of the smaller 
existing platform and its storage with the concern to 
keep the system balanced to the other platforms as 
well. That meant that the platforms with big storage 
will be fed by a logistic that is more efficient than 
would be necessary if all the platforms had big tanks 
for diesel. 
 
It will be considered that all PSVs are the same 4500 
class with 1.832 cubic meters of diesel capacity. The 
HUB was initially defined to be of the 35 class with 
good wave response and capacity of 16.000 ton of die-
sel fuel oil. Petrobras subsidiary company Transpetro 
had a fleet with different ship types that may be suita-
ble to be used in this case. In the same range of DWT, 
there were some product tankers that were suitable to 
work as HUB. In a more specific approach, it was used 
in the model the characteristics of the ship named 
NARA [16] which is double hull, 17.762 DWT and 
13.474 gross tonnage [17].  

5.3 Port 

The port defined to be used as a supply base to the 
proposed logistics was the port of Itaguaí in the Rio de 
Janeiro State, Brazilian coast. A Petrobras study 
showed this location as a good point to serve as base 
for diesel designated logistics because of its locations 
and current usage. The inland characteristics of the 
port were neglected in the model thus it was consid-
ered to have always available berths to the PSVs. The 
diesel rate of transfer was defined as 1000m³/h as the 
pumps in the port do not have the same weight and 
space restrictions as the PSVs. 

5.4 Transfer times 

The Diesel’s transfer times between the PSVs and the 
other entities are defined by Leite [18] to be of 91 m³/h 
for the type of ship chosen (PSV 4500). 
The flow of diesel is an important factor in the system 
as this will dictate the pace the diesel will be trans-
ferred in the OSs. In the cases where all the PSV load 
is transferred, the total time is equal to 1.832 m³ di-
vided per 91m³/h which is approximated 20h of oper-
ation.  
Together with the transfer times there is also the time 
dedicated to the approach maneuvering. The time to 
slowdown and to connect the machinery is significant 
thus it was added in the model as well. In the work of 
Astouresa et al. [19] it was considered 1h 56 min as 
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the average maneuvering approach time which was 
followed in this work. 
Also during the tests phase, it was detected that the 
pump capacity of the PSVs was a bottle neck of the 
processes of feeding the HUB and transferring diesel 
from it to the PSVs. The transfer times were too long 
and this would require much more PSVs and connec-
tions for them to be attached to the HUB. As a solution 
for this question, it was proposed to be installed in the 
HUB a pump system with 1000 m³/h flow capacity 
taking advantage of the deck space available in the 
ship. This could require adaptations to be made in pip-
ing and small parts that work within the flow of diesel. 
This system made the transfer times in the HUB to be 
reduced to a level in which it is not a bottle neck of the 
system. 

5.5 Voyage times 

The voyage time is function of the voyage distances 
and the speed of the PSVs and the moving HUB of the 
third case. The distances were set by the distance ma-
trix explained before in this work. As mentioned be-
fore, the smaller distance between HUB and platforms 
compared with the distances between port and plat-
forms make the difference in the logistics also in the 
voyage times. With smaller voyages it is possible to 
deliver the diesel with a faster response when the sup-
plier (HUB) is closer to the final clients (platforms). 
The PSV speed was an important factor of study as it 
depends on the ship’s characteristics, its conditions of 
operations and also on weather conditions. The ship 
used as a reference was a PSV owned by the CBO 
company which operates for a long time to the Cam-
pos basin near the area of study. In the ship datasheet 
it was found its service speed as 13 knots [20]. A con-
servative approach was taken before adding this value 
to the model. First they were observed the values of 
speed for PSVs in the marine traffic website and it was 
seen different speeds for them with an average of 10 
knots. This value maybe be due to several causes in-
cluding acceleration and deceleration, machines im-
perfections and bad weather. Because of that, it was 
defined the constant value of 10 knots speed for all 
PSVs. With this speed, it was computed the voyage 
time between port and platforms, HUB and platforms 
and between platforms when the PSVs feed more than 
one per voyage. 
In case 3, the voyage time of the moving HUB is more 
constant than the PSVs because of the size of the ship 
defined as a HUB. As a reference of this ship type, it 
was used the Transpetro fleet as mentioned before 
with service speed of 10,5 knots. As this is a bigger 
ship and less sensible to weather conditions, the speed 
was defined as 10 knots in the model. 

6 MODELING 

After describing the processes and defining the key as-
pects of it, it was possible to make the model in the 

ARENA software. It was divided in five modules that 
account for: 
 
• Requests management 
• PSV routing and scheduling 
• Feeder service 
• Platforms consumption 
• Excel interface 
 
Each of them were designed in the software with clear 
frontiers but they are all related as it is in the real situ-
ation. As an example, the requests management is a 
department of the company that examine the platforms 
consumption and decide, based on the fuel levels, 
where the PSVs go with the best route. On account of 
that, each change in one of the modules change all the 
system and should be examined carefully.  
In the distribution side, all sectors work in a straight 
relation. The Platforms send the requests to the Re-
quests Management (RM) sector which checks the 
availability of PSVs. The PSVs send the signal of 
readiness and is routed to the platform. After loading 
it remains in position if there is enough diesel remain-
ing or go back to be reloaded. Then it sends the readi-
ness signal and the system continues to run. 
The platform checks hourly if the diesel level is above 
the limit to make a request. When this limit is crossed, 
it sends the order to be refueled. 
The RM checks if there is an order in place and if there 
is a PSV available for it. After that it sends the PSV to 
the designated platform and register its position. 
The availability of PSVs is different for each case. In 
the case 1 the PSV wait for the order in the port and 
travels to the platform when receives it. In the arrival 
it checks if there is sun light to the berthing process. If 
there is space in the tank, it disposes the full load and 
returns to the port. If it remains diesel enough for an-
other delivery, it waits near the platform until it goes 
to attend the next one. 
In case 2, the process is similar with small changes in 
the refueling process. Instead of having the PSVs go-
ing back to the port, they go to the HUB but they make 
two checks before reloading. Different from the port, 
which was defined to have virtually unlimited berths 
and diesel, in the HUB it is necessary to check if there 
is enough diesel to be loaded and if there is a connec-
tion available. The connections are disputed by the 
distribution PSVs and the ones used as feeders so this 
check is important in the system. 
The HUB in this case is only interested whether there 
is enough diesel and connections available. If it is true, 
it loads the PSVs. 
The wait for diesel is dictated by the feeders’ perfor-
mance. They operate as a constant liner between the 
port and the HUB. When they arrive in the HUB they 
make two checks, if the HUB has space to receive the 
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diesel from the PSV and if there is a connection avail-
able. Then the HUB is loaded and the feeder goes back 
to the port. 
In case 3, the HUB remains in place as long as there is 
enough diesel to feed one PSV. For this reason, there 
is no necessity to check if there is enough fuel what is 
guaranteed as long as the HUB is present. The checks 
then are about the presence of the HUB and the avail-
able connections. 
In this case, the HUB do not wait for the diesel to come 
and it travels back to the port when it is low on the 
fuel. 
 
These logic arrangements were then modeled in the 
ARENA software to be simulated. 
The platforms, PSVs and HUB were created as entities 
in the software and the configurations of them such as 
speed and storage capacity were set as their attributes. 
These attributes were based in the research done and 
described in this work. To organize them, it was nec-
essary to create the request management module that 
guides and organize the relation between requests 
from platforms and availability of PSVs. 
In the Platforms consumption module, the tank level 
is checked hourly and, when one tank gets lower than 
the minimum limit set, it sends the request to the or-
ders queue. The PSVs are also grouped in a queue 
called “waiting for mission” that is inserted in the 
PSVs module. The Request management module 
takes out one order from its queue and one PSV from 
the other queue and send the PSV to the location reg-
istered in the order. The order is then eliminated and 
the PSV returns to queue when its job is done. The 
feeders were set to feed the HUB constantly thus not 
requiring or waiting for an order to be placed. 
Before taking results it was made 5 replications of one 
year to ensure that the results were inside a good con-
fidence interval. As much of the variables were con-
sidered constant or uniform distributed, the replica-
tions showed very similar results with neglectable 
differences. 

7 RESULTS 

The primarily check to find the minimum quantity of 
PSVs needed was the times that any platform was out 
of fuel. Furthermore, this approach was refined to 
show how much time the platforms stayed without 
fuel in the cases where there were no sufficient PSVs. 
To some intent, this was an optimization technique as 
it showed the better configuration of a disposable 
range. 
After that, the behavior of the tanks, OSs, PSVs and 
HUB, was analyzed to understand how each logistic 
case influenced the distribution of diesel. It was taken 
the platform number 11, Cidade de Itaguaí, to exem-
plify how the variables affect the results. In the figure 
7 it is shown the result of the platform tank behavior 

for one year, in case 3 with three PSVs doing the dis-
tribution.  
 

It is seen that it never goes to zero values, meaning 
that the platform was up and running all the time. 
In figure 8 it is shown the results of case 1 keeping the 
same three PSVs doing the distribution. 
 

 
In this case, the platform runs out of fuel in the initial 
phase and maintain a low tank level during the whole 
year. This situation is not recommended because of 
the risk of an external factor to increase the demand 
abruptly and make the platform to shut down for a no 
fuel situation. This study was made for all platforms 
and showed that the system variables affected the plat-
form in similar ways. For this reason, beyond the “no 
fuel” check, it was taken in consideration the level of 
service that was provided for the platforms. It was 
done by calculating the tanks level before and after the 
refueling. With this measure, it was possible to see if 
the case provided a fast response to the platforms or if 
it allowed the tanks to reach dangerously low level. 
 
It was also run an extensive sensitivity analysis to un-
derstand the influence of the variables in the results. 
The conclusion of the analysis was that the major var-
iable was the number of PSVs available to make the 
distribution of diesel to the platforms. It is important 
to note that its speed had the second biggest influence 
but still a marginal influence. From that, the fleet size 
that was necessary for each case to keep all tanks with 
fuel and in a reliable level is seen in the table 2. 
 

Figure 6. Platform 11 tank level in case 3 with three PSVs 

Figure 7. Platform 11 tank level in case 1 with 3 PSVs 
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Table 2. Minimum number of PSVs for each case 

 
In case 2, the 4 PSVs account for 2 ships to feed the 
HUB and 2 ships doing the distribution to the plat-
forms. 
These cases presented the tank levels shown in table 
3. 

Table 3. Platforms’ tank level before and after refueling 

Logistics compared 

Average 

platforms fuel 

level before 

refueling 

Average 

platforms fuel 

level after re-

fueling 

Case 1 (Port) 24% 62% 

Case 2 (fixed HUB) 21% 60% 

Case 3 (moving HUB) 25% 63% 

 
Beyond these checks, each case presented different as-
pects such as refueling response time and distance 
travelled by the PSVs. The response time was 20.4 
hours for the case 1 while in case 2 and 3 it was 12.2 
and 12.4 respectively. This was expected due to the 
smaller voyages from the offshore HUB to the plat-
forms.  
The distance travelled, in turn, had big impact in the 
results. In table 4 is seen that case 1 had the biggest 
value for distance travelled due to the necessity of the 
PSVs to make all the way from the port to the plat-
forms and back. The case 2 also had a big value when 
the distance traveled by the feeders was taken into ac-
count. In case 3 the HUB was stopped most of the time 
and made a few trips, 58 in a year, to refuel at the port. 
This avoided many expenses making the case 3 to be 
much cheaper in this aspect. 

Table 4. Voyage times 

Logistics compared 

Voy-

age time 

of PSVs  

[h] 

Feeders 

voyage 

time [h] 

Total 

voyages 

times 

Case 1 (Port) 12521 no feeders 12521 

Case 2 (fixed HUB) 3309 8240 11549 

Case 3 (moving HUB) 3462 no feeders 3462 

 
Furthermore, it demanded less of the PSVs in terms of 
hours and distances travelled. 
The numbers were then measured in monetary terms 
to make a full comparison between cases. 
It was considered the value to the affreighment of the 
PSV 4000 found in the shipping market review of the 
Danish Ship Finance of May, 2017 [21]. The fixed 
cost per day was defined as US$ 11.000 as it is for the 
1-year charter. The HUB freight rate was taken from 

the same report. The values were taken from the data 
for product tanks 10.000 to 60.000 DWT, called MR 
(Medium Range) in the report. Taking this range as 
reference, the cost was defined as US$ 13.000 daily in 
the 1-year charter. The value for the variable costs was 
taken from the study of Uglane et al. [22] that states 
the value of US$ 420 per kilometer travelled. It is im-
portant to mention that most of the variable costs is 
made of fuel costs thus it very volatile. 
Table 5 shows the final cost calculation for each case 
with clear advantage for case 3. 
 

Table 5. Cases resumed table 

Cases resumed table 
Total annual cost 

[US$] 

Case 1 (Port)  113,348,170.00  

Case 2 (fixed HUB with feeders )  110,540,730.00  

Case 3 (moving HUB)    56,503,100.00  

8 CONCLUSIONS 

During the tests it was seen the best results were found 
when there were three PSVs delivering diesel from the 
HUB position to the platforms in case 3. With this so-
lution there were much less kilometers travelled and 
the variable costs were reduced drastically. The PSVs 
were also less required allowing the company to hire 
slower, smaller and cheaper PSVs to perform the de-
livery. 
The case 2 was defined as having two PSVs working 
as feeders plus two PSVs in the distribution. That 
means that they use the same number of PSVs of the 
case 1 where there is no HUB and the operations are 
simpler. At the first glance the conclusion it that this 
was not a good solution although it requires a deeper 
attention. With the HUB, the economy with variable 
costs actually surpassed the HUB costs showing that 
even with its addition, the operation can be cheaper. 
In the financial analysis it was clear that the economy 
with vessels quantity and kilometers travelled made 
the case 3 to be the cheaper one. This result was a di-
rect consequence of the high prices for fuel found in 
the research along with the cheap prices for product 
tankers. Based on the global prices trends, this combi-
nation will last for years to come and so the results 
show a good study of the logistics feasibility. 
Despite the advantage of case 3, the company decision 
maker shall take other aspects in mind. First, placing 
a HUB in the sea require personnel and maintenance 
arrangements that should be given a deeper look by 
the company. On the other side, the HUB avoids the 
PSVs traffic in the port requiring less berths of it. 
Based on the development of the Santos basin explo-
ration, more platforms will be placed in the region de-
manding more diesel to be delivered. It was seen in the 
model that the two feeders defined in the case 2 were 
more than enough to the present demand and they can 
sustain a big growth in demand from the platforms. 

Logistics compared 
Number 

of PSVs 
HUB 

Time with-

out fuel of 

platforms 

Case 1 (Port) 4 no 0 

Case 2 (fixed HUB) 4 yes 0 

Case 3 (moving HUB) 3 yes 0 
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Having this variable contained, in the distribution side 
the cases with HUB are much less susceptible to the 
demand as the PSVs are less required on the system. 
Because of that, based on the increasing trend in de-
mand and the shadow demand (of drillships and 
AHTS) discussed before, the case 2 could become 
more feasible in the future.  
Other good aspect of the case 2 that is a big advantage 
is the synergy with other logistic systems offshore. As 
discussed in the first chapter of this work, the HUB 
proposition was studied deeper for the transportation 
of people rather than goods and supplies. This opens 
the possibility that the ship used as diesel HUB can 
also serve as a HUB for people transportation. Either 
the people go by speed boat or by big helicopters, they 
can stop in the HUB and then be redirected to smaller 
helicopters that do the final leg to the platforms. Be-
yond that, even if the people synergy could not be 
technologically feasible, there is still synergy with the 
water supply which is the other material that require a 
big volume to be transported. This could also take ad-
vantage of the spare capacity of tanks in the PSVs de-
tected in the sensitivity analysis. 
At a technical prospect, the HUB shape and configu-
ration whether it will be used to storage only diesel, 
hold water and also as a stopping point for people will 
define which vessel will be deployed. From the logis-
tical side, the aggregation of these movements may 
provide a big economy of scale but it requires a deeper 
technical analysis about the feasibility of it. 
As a final remark, it was seen that the objective of the 
thesis was achieved by providing a clear comparison 
of the cases studied with the advantages and limits of 
each. From that, it was possible to infer that the case 3 
with moving HUB was the most economical one based 
on the actual exploration phase and price values col-
lected up to this date. 
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