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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 operations, the logistics play a major role in the success of the activities in this new field. 

In order to keep the platforms 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 delivering 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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Resumo 

 

A exploração offshore de petróleo e gás é uma nova área de desenvolvimento e, portanto, 

enfrenta desafios que exigem soluções inovadoras. Além dos enormes desenvolvimentos 

técnicos na extração de petróleo e operações submarinas, a logística desempenha um papel 

importante no sucesso das atividades neste novo campo. Para manter as plataformas totalmente 

operacionais, é necessário um sistema complexo para fornecer todos os suprimentos solicitados 

da maneira mais eficiente. As embarcações de suprimento de plataforma (PSV) são as principais 

entidades que trabalham dentro da cadeia de fornecimento, entregando todos os produtos desde 

produtos perecíveis até produtos químicos, inclusive diesel. Este combustível é um dos 

suprimentos que utiliza grandes volumes de transporte portanto foi dada uma atenção mais 

profunda ao seu sistema de entrega. Neste trabalho, foram feitas simulações no software ARENA 

para determinar a viabilidade de pôr um HUB offshore para servir como um ponto de distribuição 

de diesel mais próximo das plataformas. O objetivo é avaliar se essa abordagem fornece uma 

solução mais econômica em comparação com a logística diretamente do porto. Uma terceira 

abordagem foi considerada com a possibilidade de o HUB se mover para ser recarregado com 

diesel no porto. Foi realizada uma análise de sensibilidade sobre as principais características do 

sistema, como a velocidade dos navios, para encontrar possíveis refinamentos nas entidades 

envolvidas na logística. Os resultados mostram que cada caso apresenta vantagens em relação 

aos demais sendo o terceiro caso o mais econômico. 
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Chapter 1 
 

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 extracted and many other concern aspects. One important 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 studies 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 platforms 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 minimizing the risks and the cost associated with the logistics chosen by the oil companies. 

In another area of research, it was studied the logistics to supply the offshore structures with the 

fuel necessary 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 competing 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 will study the 

diesel logistics and ways to improve it. 

 

1.1 Objective 

This work aims to simulate and compare the logistics of the transportation using a floating hub in 

the Santos basin for the diesel delivery similar to what is discussed for people transportation. 
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Figure 1. Logistics with HUB for people transportation, source: [1] 

 

It will be also simulated the logistics using only PSVs (no hub) to be possible to compare cases 

and determine which one is the most cost effective. 

Alternatives in the hub cases include one with a fixed location for the hub that is supplied by ships 

from the port, with PSVs taking the final legs from the hubs to the OSs. They also include a moving 

hub that is the ship itself that stay in the basins until the diesel runs out, also with PSVs doing the 

final legs. 

Possible hub localization is also a main concern in the overall intended logistics. Several studies 

were made about this problem resume in the work of Alumur et al. [5] which plays an important 

role in the results of this work. 

Furthermore, the hub location and configuration for the offshore industry has similarities with the 

air transportation and its airports [6]. Hub and spoke strategy is intensely used in this sector to 

allocate the right size of airplanes and take the best efficiency of the system. This approach was 

taken into consideration when comparing the different logistic alternatives for the offshore 

industry. 

To simulate the alternatives, it was used the software ARENA which is one of the most used 

logistic software by private companies. The results are expected to help oil companies to better 

manage the logistics of the offshore exploration. 
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1.2 Delimitations of the study 

Exploration of oil offshore imposes many logistic challenges to the companies involved. The OSs 

demand all supplies from the continent including machinery, structures, perishables, etc. 

Furthermore, they require all the personal and energy source (fuel) from land. Each of these 

necessities are transported and delivered in its particular way and its logistics needs to be 

specifically developed. The transportation of people using hubs is a field that had already some 

attention from researchers Maeda and Halskau [1], [7]. There is a trend in academia about finding 

a way to take more people at once to an offshore hub, both by a speed vessel or a big helicopter, 

and then distribute then in smaller crafts. This hub approach was not well explored for fuel 

distribution, therefore, this work aimed at simulating and comparing alternatives to provide fuel to 

the structures working in the offshore basin of Santos. The simulation will focus in the 

transportation of fuel from the port to the OSs excluding inland port logistics. 

 

1.3 Work motivation 

Deepwater oil exploration has a big influence in the development of Brazilian society. Beyond the 

revenue in taxes and royalties that is paid directly to governments, it develops the whole chain of 

technology associated with it. From the sailors, through refiners, to engineers, all of them 

participate to solve the challenges that the exploration present to them. Therefore, they are in the 

frontiers of knowledge in different areas making this a competitive advantage to them. 

Apart from this, the exploration and control over this important energy source is a strategic power 

to the country itself. The development of other industries relies on the consistent energy source 

and this was a reason for many wars around the world. 

In this environment, the reserves discovered in deep waters by Petrobras play an important role. 

They turn Brazil into a major player that does not make part of OPEC and does not have big 

internal conflicts. 

The exploration of these reserves is a critical part in taking advantage of this resource in the most 

efficient way. 

This work expects to contribute in improving the efficiency of the fuel logistics to the platforms, to 

reduce its costs and to provide more revenue and royalties to the society. 

1.4 Dissertation structure 

The present chapter describes the problem of logistics to supply the offshore structures and 

delimitates the study to fuel logistics. It is shown how the problem will be tackled and the results 

that are expected from it. 
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The second chapter makes a brief history of the evolution of offshore exploration from its start to 

the present day. It discusses the different structures that were developed in the history and the 

most used today. In the end, it focusses in structures that are used in the Brazilian coast and, 

being more specific, in the Santos basin. 

The third chapter is the revision of the bibliography about offshore logistics and different areas of 

study. It revises studies about the distribution of fuel by PSVs, their scheduling and the difficulties 

they find in the voyages, ports and offloading offshore. 

The fourth chapter continues to revise the bibliography of offshore logistics with focus in the hub 

and spoke strategy. It goes through the use of hubs in general logistics, in airports and also in the 

offshore environment. 

In the fifth chapter it is described the models that will be made in the software. The three case 

studies are explained with the specifications and assumptions of each. 

The sixth chapter is the explanation of the modelling method used to simulate the distribution 

alternatives mentioned. It is described how the ARENA software was used and the constraints of 

the model. 

The results are discussed in the seventh chapter with the comparison of the alternatives studied. 

In the eighth chapter it was made a sensitivity analysis to evaluate the influence of each variable 

in the results found. 

In the ninth chapter it is made a brief economic analysis to give a broader idea of how the 

simulation can impact exploration costs. 

The tenth chapter is the conclusion of the work expressing the results found and the 

recommendations for future studies. The last chapter is the bibliography used as reference to this 

work. 
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Chapter 2 

 

2 Evolution of the offshore exploration 

Extraction of petroleum is dated of thousands of years back in history with uses ranging from 

medical to construction appliances [8]. It was used by the Babylonians to build walls and towers, 

by ancient China as fuel and by Persians in medicine. By that time, it played a secondary role in 

the development of civilizations as its appliances where not noble as other sources of heat or 

construction materials. This status changed in the 19th century with new scientific discoveries 

about the oil sub products derived from its refining. The second industrial revolution was made 

possible by the wide use of oil as fuel and lubricant to the machines making its demand to rise 

exponentially. 

Some commercial wells started to be developed, specially in the United States [8] in interior 

regions of the country. In decades it happened what was called the oil rush with several 

companies searching for regions with the best oil reserves. 

In their search to the best reservoirs, they found good prospects in the seashore and took the 

structures to this region as seen in Figure 2. 

 

Figure 2. First offshore drilling and production piers at Summerland, California, source: [8] 
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Modern offshore industry started in the Gulf of Mexico 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. In parallel they developed specific 

drilling techniques to drill under water once the known inland technology was simpler. Definitions 

of shallow waters then evolved based on new exploration sites. In 1980, 800 meters’ depths were 

considered deep water, while in 2008, 1500 meters could be considered still shallow waters. 

Exploration in very deeper waters made the explorers to develop new ways to reach the oil. 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 [8].  

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 platforms, 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 configuration, 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 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 
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PSVs are ships designed to supply the structures with all kind of demands. They may be 

measured in terms of deck space and tank capacities. There are big differences in size, capacity 

and velocity depending, for example, on the necessary autonomy to reach the exploration site. 

Nowadays it is used a fleet of these ships to supply platforms and drillships off the shore. This 

logistics will be discussed with more detail further in this work. 

AHTS are designed mainly to handle the anchors and cables of the platforms. It is possible also 

to be used to transport material but in a smaller scale compared to PSVs. 

Fixed platforms were the most used structures in the initial phase of exploration in the sea. It sits 

in the seabed and was the preferred choice for shallow water exploration. Some platforms of this 

type are found in Santos basin. 

FPSOs are ship shaped structures that are used to produce, store and offload crude oil to tankers 

that complete the chain to the port terminals.  

Semi-submersibles were designed to be a structure with better stability than the ship shaped 

structures. By having a smaller water-plane area it reduces the action of the waves in the structure 

thus reducing the disturbances in the production process. 

Drillships are responsible to drill the seabed to reach the reservoirs that were searched by the 

geologists. This ship type had a great evolution going from fixed structures, passing by jack-up 

design and to the current most used design which is a ship shaped structure with dynamic 

positioning.  

Figures 3 to 8 show pictures of the main structures as an example of the types described. 
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Figure 3. Fixed platform, source: [9] 

 

Figure 4. FPSO, source: [10] 

 

Figure 5. Drillship, source: [11] 

 

Figure 6. AHTS, souce: [12] 

 

Figure 7. Semisubmersible Platform, source: 
[13] 

 

Figure 8. PSV, source: [14] 

  

  

 

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 offshore that may 

take advantage of the logistics proposed. 
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Other materials also operate with these structures to take oil to the shore. 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 

advantage 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 pipeline 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 is 

used by the structures described before. 

By this, it is understood that the structures interact with each other by different reasons and this 

has an impact in the logistics. 

AHTSs serve the platforms when there is necessity to move them and thus moving its anchors. It 

also may use the tanker HUB to be refueled with diesel offshore. It may also use the port to be 

refueled when there is no HUB. 

The relations between the entities are also important because of the specifics of each case. In 

the ports, the time required to transport the fuel is dictated by the pumps that are available. In the 

case of direct distribution with PSVs, they have to wait in the queue with other users which may 

take a significant time. In the sea, the weather condition is an important issue that affect the 

transfers time. The PSVs follow a technique to align the boards of them with the tankers to 

exchange fuel but this operation may only be possible if the waves have a maximum height, 

adding one more variable to the chain. 

Furthermore, even when the conditions of wave and winds are inside the requirements, 

companies take strict safety measures to avoid accidents in the sea. Petrobras, for example, do 

not allow the PSVs to berth with the platforms without sunlight. This is not a random variable but 

still evidentiate how the operations are subject to external actors. 
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Chapter 3 

 

3 Bibliography Review 

Logistics and supply chain had different names and descriptions throughout history. It was present 

in society from ancient times when food was cultivated in the farms and had to be delivered to the 

people somewhere else. The idea of it was always present and in 1962 it was formed the council 

of logistic management in the U.S. with the purpose of continuous education and the exchange 

of ideas in this subject. Its theirs the definition of logistics as “... the part of the supply chain 

process that plans, carries out and controls the efficient and effective flow and storage of goods 

and services, as well as related information, from the point of origin to the point of consumption, 

in order to meet the requirements of customers.” [15]. Later, Bowersox defined the integrated 

logistics as the activity that integrates the companies with its clients and suppliers [16]. 

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 floating hubs. Material flow goes 

from the port to the OSs and information flows in the opposite direction. Ballou [17] divides the 

logistics in four main groups that are: 

 Transport strategy 

 Inventory strategy 

 Location strategy 

 Costumer service goals (Service level) 

 

Figure 9 shows the triangle of logistics that correlates them all.  
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Figure 9. Triangle of logistics strategy, source: [17] 

 

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 including 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 logistics and 

deliver the diesel within the company requirements. 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 increase 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 [18] 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 components. 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 arrangement may reduce the voyage 

expenses and actually 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 units that are transported on 

it can be divided in four main groups as described in the work of Borges  [19]: 
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 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 equipment. 

These groups can be transported in general cargo supply vessels and be taken in the same 

voyage. In this work it will be studied the transportation of diesel with the possibility of having a 

specific vessel to store it near the offshore units. This happens as the demand of diesel for the 

OSs is a critical factor to their operation and the volume amount of diesel required is relevant. 

This is true to both diesel and water [19] that may use the same logistics studied in this work. The 

studies for water were then left as suggestion for future works. 

Service level of the tanks in the port and its inland logistics were not considered in the system 

modelled. That means that it was supposed that inland arrangements 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 offshore 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. The fleet may 

also have different types of vessels requiring a more complex logistic to better serve the OSs. 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 scheduling of them is sensitive to weather conditions, cargo 

capacity, boat speed, etc, meaning that they have a  complex characteristic. 

PSVs are the principal way to transport material to OSs. They have capacity to transport different 

materials 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 transported 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. Logistics 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 dimensions and morphology analyzed in the drilling phase. The 

distance from the port also play an important role as the ordersrequsitions have to be placed 



14 
 

before if the well is far from the shore. Taking this into consideration, 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 OSs. The work of Cuesta et al. [20] 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 between the vessels. 

There are also papers that are dedicated to define the size of the fleet at disposal. The work of 

Maisiuk, Yauhen [4] simulate a fleet size based on the contract terms and sailing and service 

times. It describes 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 will be studied the logistics using a floating 

hub in the offshore area and, therefore, the hub and spoke strategy will be revised in the next 

chapter. 

 

3.2 Hub and spoke strategy 

As described in the work of Alumur et al. [5] “Hubs are special facilities that serve as switching, 

transshipment 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 different mathematical approaches to optimize the network 

with use of one hub or many hubs. 

The researches have difficult in designing hub and spoke systems due to a main concern: The 

problem has two components to resolve that are intertwined as stated in Pirkul et al. [21]. 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 logistics. 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] justified its study by stating that 75.000 people are transported 

from the Brazilian coast to the OSs in a montly basis. Other studies discussed about the 

optimization of this transportation with different strategies. The work of Halskau [7] studied how 
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an offshore 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 nem hub shapes to be able to receive the workers by speed boats from the coast, 

with examples seen in the figures 10 and 11. 

  

 

Figure 10. Hub for passengers, source: [2] 

 

 

Figure 11. Hub for passengers, source: [2] 

 

The study of Øyvind Halskau sr. [7] goes in another direction analyzing the use of the hub only 

by helicopters. The author proposes that each platform has one helicopter that transport its 

personel only between the platform and the offshore hub. This happens in opposition 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 number 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 
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to transfer passengers from big helicopters to smaller ones taking advantage of the scale of the 

route between the port to the offshore basin. 

The scale of the routes was a primarly reason to the development of hubs in another field of study, 

the airline transportation. After a deregulation act in the United States in 1978, the airline 

companies could decide how to manage their flights’ network [6] 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 managed to have the bigger planes between these main points of interests. After these 

arrangments were proved to be cost efficient, they went further by demanding 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 airports were “promoted” to hubs based on the region demand. 

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 access to the platforms data that was not available for this work. For this 

reason, this solution was left as suggestion 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 as it will 

be discussed further. 
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Chapter 4 

 

4 Model Description 

Offshore logistics with platform supply vessels was extensively studied as showed before in this 

work. Many algorithms were applied to optimize the fleet and level of service in different 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 defining 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 existing scenario where it was searched one optimal solution 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 scenarios to be compared and different results to be analyzed. Therefore, it was necessary 

to model all possible 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 return to the port. As discussed 

before, the simulation was limited to the transport of fuel to the OSs due to its individual 

specifications. The second simulation type defined a floating hub in the offshore basin that store 

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 will be 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. All the cases will be described in more details in the next chapter. 

The structures that are involved with the fuel offshore logistics were explained in chapter 2. The 

only one that was not explained is the floating Hub due to the innovation aspect of it. The 

simulation done in this work intend to be an initial study of the economical and logistical feasibility 

of it. This way, for model purposes, the physical configuration of the hub was neglected, and it 

was assumed as a tank located offshore.  

About the transference of fuel between ships, it is common in the industry as it is used for many 

years between tankers for the oil transportation. This is not the case for the passenger hubs for 

example. In the research about offshore hubs it was found passenger hub’s shape is a main point 
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of concern due to the waves and weather difficulties for the people transference between an 

income boat and the passenger hub. The work of Asgari [2] tests different ship shapes to find the 

one that provides the easier transfer of people. The specifics of the vessel’s shape were not the 

focus of this work so it was let as suggestion for future studies. 

4.1 Case 1 – PSVs fleet 

The first model was made with no hubs to be possible to compare results between the 

alternatives. In this case the PSVs wait in line at the port of Itaguaí to be loaded with the fuel to 

the OSs. The PSVs are all the same type what means they have the same fuel capacity, transfers 

rate, and same speed. That was one assumption as this may not be true in real conditions. For 

commercial reasons, the fleet may be composed by ships with different specifications. As it will 

be compared different alternatives to supply the OSs it was chosen the same type of supply vessel 

for all of them. Figure 12 shows a representation of this case. 

 

Figure 12. Case 1 representation 

 

The location of the platforms, port and later HUB showed in the maps will be discussed deeper in 

the next chapter. 

The ships used by Petrobras have their name associated with deadweight capacity. The most 

used ones are the PSV 1500, PSV 3000 and PSV 4500, in which the numbers are an indication 

of the capacity of them, in tons. They can transport differente types of cargo that are separated 

in 4 main categories: 
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 Water 

 Bulk cargo (cement, lubricant, etc) 

 Deck cargo (piping, parts, perishables, etc) 

 Diesel 

 

Because of the big volume of fuel required by the OSs, the PSV class chosen in the simulation 

was the class 4500. Different storage capacities are dicussed in the sensitivity analysis later in 

this work. 

An average PSV has a capacity of carrying about 2,000 m3 diesel oil [22]. This ship may be called 

also by oiler and, due to the big storage capacity, the total process of docking, refuelingrefueling 

and undocking with the tanker HUB takes several hours. The operation in the terminal may take 

less time but it can increase significantly due to queue and the competion with other users of the 

port. 

As the PSVs are all the same type, the queue order is defined as FIFO, First in – First out, 

meaning the first to come back from a voyage is the first to be assigned another voyage. Also, 

from its similiarity, the fuel transfer rate in the port and transfer rate at the platforms were 

considered to be the same for all of them. 

The PSVs are capable of attending more than one OS per voyage before returning to the port. 

Their routing was set by necessity of OSs that request fuel. In their voyage, they can only berth 

for fuel trasfers during daylight as this is a safety regulation of the client. Other source of delay in 

the operation come from the weather conditions as the PSV can only operate in certain sea and 

wind conditions. 

The OSs require that their request are attended in a reasonable time called lead time. This is a 

significant aspect of the logistics as it is related to the number os ships in the fleet and the level 

of service that is required by system. In the work of Borges [23], the author did a sensitity analysis 

about how the lead time interfered with the results. He made calculations for lead times ranging 

from 1.5 days to 4 days with an increment of 0.5 days. He then made observations about the 

influence of this lead time and how it influenced the fleet size. This time will be analyzed for all 

cases in this work. 

 

4.2 Case2 – PSVs with a fixed HUB 

 

Case 2 brings a big change in the supply chain. It is included a vessel to store fuel and work as a 

HUB closer to the OSs. This strategy solves the problems in the terminals to the PSVs to have 

access to it, enter the queue, load the fuel and leave to make the delivery. It also reduces the 

number of PSVs in the fleet by reducing the size of the voyages. 
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Figure 13. Case 2 representation 

 

This system was already tested by Petrobras with a class 35 tanker ship. This ship type has 

16.000 ton of deadweight capacity and is hold in place by a single line mooring buoy. The work 

of Ferreira et al. [24] studies the tanker responses to the sea conditions in the positions that 

Petrobras has installed the buoys. The work discusses about the possibility of deploying ships 

with bigger deadweight capacity to better supply the OSs. Therefore, the author analyses the use 

of tankers class 43 and 47. The class 43 has 38.000 ton of deadweight capacity and the 47 has 

40.000 ton. Table 1 shows some of the characteristics of them.  

 

Table 1.Characteristics of ship classes, adapted from: [24] 

 

  
cl35 cl43 cl47 

Lenght overall(m) 161 173 177 

Lenght between perpendiculars(m) 153 165 163 

Depth (m) 12.8 14.3 17.8 

Beam (m) 23.4 27.5 30 

Design Draft (m) 7.9 10.09 10.73 

DWT (ton) 16000 38000 40000 
 

 

In the work, it was demonstrated that the class 47 was the one with the best responses to the sea 

conditions in the positions studied. Class 35 aslo presented a good behavior for the same sea 

conditions and this class was already tested as a hub.  
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In the research to find a real vessel to be used as a HUB, it was noticed there was a big quantity 

of ships with slightly less thant 20.000 DWT. After some investigation it was found this was a 

result of regulations for ships above 20.000 DWT what induced the market to build ships up to 

this size. Because of the quantity of ships with this size, it is expected that it has lower costs due 

to competition between builders. For this reason, this size whas chosen to be used in the model. 

It’s tank capacity will be discussed in a deeper analysis further in this work. 

In the first simulations, the HUB was fed by feeder ships that brought the diesel from the port 

terminal. As discussed in the work of Borges [23] this ship type is used to take crude oil from the 

tankers and transport it to the terminals onshore. By the similiarty of the logistics in the two cases, 

it was possible to assume that this ship type was suitable to transport the diesel from the terminal 

to the HUB. 

The downside of this strategy is that the feeder ships compete with the distribution PSVs and 

other OSs for the connection with the tanker HUB. For pratical reasons, only two ships can be 

attached to the tanker at a time. This is a point of concern even without the feeder ships. 

Dependind on the necessary fleet that may be necessary, the connection with the tanker may 

become a bottle neck in the chain. The simulation will analyze if this happens and if further 

changes may be necessary. 

One alternative that may be interesting in this case is the use of a transfer buoy with more than 

two connections to transfer the fuel to the ships. This solution was not found during the research 

phase but was included as a possible solution for future development. The buoy would work 

similar to the christmas tree whichin there is an assembly of valves spools and fittings to orientate 

and regulate the flow of oil. This would allow more PSVs to be connected simultenously to the 

tanker HUB reducing the bottle neck effect in this chain link. 

Despite the engineering development required to develop this solution, the simulation of the 

logistics with it would be simple, after the whole model is made. The possible queue to attach the 

PSV would be eliminated and the fleet could be smaller and cheaper. It would also require a study 

of the reliability of the system as this buoy would be a center piece of the chain. 

Other important point to discuss about the HUB offshore is that the PSVs need to go back to the 

port with regularity to change the crew and to do maintenance work. They were not modelled as 

it was supposed that other PSVs would be hired in the spot market to fill the gap.  

When deciding about the crew logistics, it was discussed one solution to take the workers from 

the offshore basin to the coast in a cheap way. The literacture is vast in relation to the use of 

helicopters to transfer people using a hub offshore but not so much to transfer people by boat. In 

this point, it was proposed in the model a change in the feeder system of the hub to have more 

vessels instead of only one. By doing this, it was seen that they were necessary only two PSVs 

dedicated to feed the tanker hub. In this solution it was defined the use of the same type of PSV 

as this facilitate the interchange between vessels. By doing it, it is possible to allow the PSV to 

be allocated in the voyages between the platforms and the hub as long as between the hub and 
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the port. It also has the bonus of creating a constant line between the hub and the port that can 

be used to transport the workers when they are changing shifts. 

As the PSVs have a stronger market with more players, it also provides smaller freight rates 

compared to the feeder initially tought. 

4.3 Case 3 – PSVs with a not-fixed HUB 

This strategy consists in the tanker HUB to travel to the terminal by itself to be reloaded with diesel 

in there. By using this method, it avoids the expenses with the feeder ships discussed in the 

previous chapter. This strategy was already tested by Petrobras as stated in the work of Silva et 

al. [25]. In this work, the authors also discussed the problems of the queue of PSVs to be loaded 

in the tanker with a tanker of 18.000 ton of deadweight capacity. 

 

Figure 14. Case 3 representation 

 

During the time that the HUB is in voyage to be refueled in the terminal, the PSVs wait to be 

refueled. The current system developed by Petrobras uses more than one HUB so the PSV and 

other ships that need to be refueled are redirectioned to the nearest HUB moored in the offshore 

basin. 
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Figure 15. Position of existing mooring buoys, source: [24] 

 

In Figure 15 it is seen the existing buoys used by Petrobras to moor the tankers offshore near the 

coast of Rio de Janeiro state in Brazil. The figure shows that is possible to redirect the PSVs to a 

near point if the original tanker is off to the port (buoys 1 to 5). In the region attended by the buoy 

6 (Santos basin), the alternative for the PSVs is to be refueled in the port as described in case 1. 

This last case requires a precise planning between all the parts of the logistics to avoid extra costs 

and the lack of fuel to any part. The modeling of this case is similar to case 2 but with the important 

concern about the time that the tanker is unavailable. 

4.4 Case specifics 

The models were applied to the Santos basin which is the area that has the most recents oil 

discoveries. As show in Figure 15, there is already a buoy (Buoy 6) used to anchor a diesel hub 

in this region. In the same figure, it is seen other buoys that are used in the campos basin. This 

older basin has a more tested logistics and arrangement that’s being run up to this date. For this 

reason, new developments are required for the Santos basin which has different characteristics. 

In the Petrobras website it is shown the current platforms that operate in Santos basin as seen in 

Table 2. 
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Table 2. Platforms, source: Adapted from: [26] 

Plataform Field Type 

FPSO Cidade de Ilhabela Sapinhoá Floating 

FPSO Cidade de Angra dos Reis (FPCAR) Lula Floating 

Plataforma de Merluza (PMLZ) Merluza, 

Lagosta 

Fixed 

Plataforma de Mexilhão (PMXL) Mexilhão Fixed 

Plataforma BW Cidade de São Vicente (FPCSV) Lula Floating 

FPSO Cidade de Santos (FPCST) Uruguá Floating 

FPSO Cidade de Paraty Lula Floating 

FPSO Cidade de Itajaí Baúna Floating 

FPSO Cidade de São Paulo Sapinhoá Floating 

FPSO Cidade de Mangaratiba Lula Floating 

FPSO Cidade de Itaguaí Lula Floating 

FPSO Cidade de Maricá Lula Floating 

Petrobras 66 Lula Floating 

FPSO Cidade de Saquarema Lula Floating 

FPSO Pioneiro de Libra Libra Floating 

FPSO Cidade de Caraguatatuba Lapa Floating 

 

 

It is possible to see the differences in the level of development of each basin by the number of 

platforms that operate in each. Whilst there are 16 platforms in the Santos basin, there are 52 

platforms in Campos. Besides, there is another reason that justifies this which is the reservoirs 

type. The reservoirs found in the pre-salt regions present different configuration in relation to the 

previous deep water explorations. In this new area, the wells need to be drilled up to ultra deep 

water which requires cutting edge technologies. Besides that, it was discovered that the reservoirs 

produce much more oil per well, requiring less platforms to extract it [27]. This aspect is a key 

point for the offshore logistics studies in this work. Because of that, the PSVs make less stops 

per voyage and carry bigger loads of diesel. 

Because the Santos basin’s logistics are relatively new compared to Campos basin, this work 

focused its scope to the simulations in this region. 
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Chapter 5 

 

5 Simulation 

The first step in the simulation process is describing the model which was done in the previous 

chapter. After the description, it was done the data gathering about the entities and other aspects 

cited. As entities, they were used the OSs described in chapter 2. 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 included in the logistics due to its location far from the 

rest as described latter in this paper). 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 [28] 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. Its location was also taken with the marine 

traffic website which provides it with relatively good accuracy. 

The Petrobras made a website [29] to communicate the developments of the Santos basin with a 

map showing the entities involved in this basin (Figure 16). 

 

Figure 16. Platforms location, source: [29] 
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The red squares represent the platforms of this basin. In the figure, it is possible to see the 

distance between the platform more at south to the other ones. This is the FPSO Cidade de Itajaí 

which according to the website is supplied from the coast near its position probably because of 

its distance to the other platforms. For this reason, it was not included in the logistics designed 

for the Santos basin. 

With all locations from the marine traffic website listed, it was created another map [30] to 

represent them and ensure they were all correct (Figure 17). 

 

Figure 17. Location of platforms, HUB and Itaguaí port 

 

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 

distance matrix. 
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Table 3. Distance matrix 

 

 

 

 

Entity / distance [km]

FPSO 

Cidade 

de 

Ilhabela

FPSO 

Cidade 

de Angra 

dos Reis 

(FPCAR)

Platafor

ma de 

Merluza 

(PMLZ)

Platafor

ma de 

Mexilhão 

(PMXL)

Platafor

ma BW 

Cidade 

de São 

Vicente 

(FPCSV)

FPSO 

Cidade 

de 

Santos 

(FPCST)

FPSO 

Cidade de 

Paraty

FPSO 

Pioneiro 

de Libra

FPSO 

Cidade de 

São Paulo

FPSO 

Cidade 

de 

Mangarat

iba

FPSO 

Cidade de 

Itaguaí

FPSO 

Cidade de 

Maricá

Petrobras 

66

FPSO 

Cidade de 

Saquarem

a

FPSO 

Cidade de 

Caraguata

tuba

Itaguaí 

Port
HUB

FPSO Cidade de Ilhabela 0 39 210 188 92 160 54 149 15 62 65 52 39 47 31 311 53

FPSO Cidade de Angra dos Reis (FPCAR) 39 0 244 204 62 139 18 116 51 38 46 14 7 8 63 307 46

Plataforma de Merluza (PMLZ) 210 244 0 134 263 278 251 312 208 239 233 252 247 249 181 297 216

Plataforma de Mexilhão (PMXL) 188 204 134 0 189 169 200 220 196 179 169 204 210 205 159 168 160

Plataforma BW Cidade de São Vicente (FPCSV) 92 62 263 189 0 79 44 58 107 31 33 50 68 55 99 260 50

FPSO Cidade de Santos (FPCST) 160 139 278 169 79 0 121 63 175 102 96 127 145 132 155 190 108

FPSO Cidade de Paraty 54 18 251 200 44 121 0 97 67 24 34 6 24 11 72 294 40

FPSO Pioneiro de Libra 149 116 312 220 58 63 97 0 163 89 89 102 120 107 156 252 107

FPSO Cidade de São Paulo 15 51 208 196 107 175 67 163 0 77 80 64 49 59 37 324 68

FPSO Cidade de Mangaratiba 62 38 239 179 31 102 24 89 77 0 10 30 45 33 69 270 23

FPSO Cidade de Itaguaí 65 46 233 169 33 96 34 89 80 10 0 39 53 42 67 262 18

FPSO Cidade de Maricá 52 14 252 204 50 127 6 102 64 30 39 0 18 5 72 300 44

Petrobras 66 39 7 247 210 68 145 24 120 49 45 53 18 0 13 65 314 53

FPSO Cidade de Saquarema 47 8 249 205 55 132 11 107 59 33 42 5 13 0 69 304 45

FPSO Cidade de Caraguatatuba 31 63 181 159 99 155 72 156 37 69 67 72 65 69 0 290 50

Itaguaí Port 311 307 297 168 260 190 294 252 324 270 262 300 314 304 290 0 263

HUB 53 46 216 160 50 108 40 107 68 23 18 44 53 45 50 263 0
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This matrix shows the distance between each platform and between the platforms, Itaguaí Port 

and the HUB. From these information, it was calculated the average distance between the 

platforms and the port, the platforms and the hub and the distances between each other (Table 

4). 

 

Table 4. 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 center of gravity. That means that it has its 

location on the average of the longitude and latitude of all platforms. This was decided by the lack 

of information about the diesel consumption of the platforms. This decision means that all 

platforms have the same importance in the definition of the HUB position which is not true. The 

consumption of the platforms may be different and this should be taken into account in further 

studies. The same applies for the costs with the anchorage of the HUB. In a more detailed study 

it could be found that is more feasible to have the HUB in a shallower region where the anchor 

lines are simpler and cheaper. These two aspects were let to further investigation. 

The distances showed in the matrix will be used in the ARENA software to account the voyages’ 

times between the entities. This represent the most important part of the work as the HUB purpose 

is to provide 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 websites. For the platforms 

cited before, the average capacity is 4892 cubic meters or 4403 metric tons of diesel fuel oil. It 

was made one table with the platforms specifications including their locations (Table 5). 
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Table 5. Platforms specifications 

 

 

The type 1 plataforms are fixed and the type 2 are floating which in this case are all FPSOs. By 

the inherent configurations of the FPSOs, they have larger tanks in its hull compared to the thin 

structure of the fixed platforms. 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 in 

the whole 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 follow no formula. It has a 

shape similar to the one shown in Figure 18 specially for giant oil wells as the encountered in the 

Santos basin. 

Plataform  Field Type lat. [S] long. [W]
Consumption 

[CuM/h]

storage 

capacity 

[CuM]

FPSO Cidade de Ilhabela Sapinhoá Floating 25.67189 43.20596 5.80 7609

FPSO Cidade de Angra dos Reis (FPCAR) Lula Floating 25.5438 42.83994 5.80 2738

Plataforma de Merluza (PMLZ) Merluza, Lagosta Fixed 25.26656 45.25281 5.80 2738

Plataforma de Mexilhão (PMXL) Mexilhão Fixed 24.35308 44.38272 5.80 2738

Plataforma BW Cidade de São Vicente (FPCSV) Lula Floating 25.01038 42.65333 5.80 5223

FPSO Cidade de Santos (FPCST) Uruguá Floating 24.30102 42.71426 5.80 9351

FPSO Cidade de Paraty Lula Floating 25.39341 42.76153 5.80 1262

FPSO Pioneiro de Libra Libra Floating 24.6602 42.23326 5.80 3929

FPSO Cidade de São Paulo Sapinhoá Floating 25.7983 43.26271 5.80 5973

FPSO Cidade de Mangaratiba Lula Floating 25.20293 42.87855 5.80 5985

FPSO Cidade de Itaguaí Lula Floating 25.13995 42.94413 5.80 3653

FPSO Cidade de Maricá Lula Floating 25.44784 42.75319 5.80 4189

Petrobras 66 Lula Floating 25.60182 42.82059 5.80 6221

FPSO Cidade de Saquarema Lula Floating 25.49027 42.78117 5.80 4189

FPSO Cidade de Caraguatatuba Lapa Floating 25.51766 43.46633 5.80 7581

PORT - - 22.929844 43.830582 - -

HUB - - 25.205818 43.1060107 - 13474
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Figure 18. Example of production behaviorbehavior, source: [31] 

 

Furthermore, the diesel usage is strongly related to problems with gas generators and the needs 

for well conditioning. From a consultation with an engineer working 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 diesel is 

relatively small compared to the dimension of the platform and its processes. In general, the 

consumption of diesel, including all these uncertainties, is around 5m³/h. From the empirical data 

of the platform where the engineer was consulted, the platform consumed 5.8m³/h which was 

extended to the other platforms 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 requests 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 and the 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 order to be attended defines the service level of the system as described by Ballou [17]. It 

was necessary to design 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 
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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. Some refinement in this matter was done 

and will be described latter in this work. 

The PSVs and HUB round capacities were defined before in this work. It will be considered that 

all PSVs are the same 4500 class with 1.832 cubic meters of diesel capacity (shown latter in this 

paper). The hub was initially defined to be of the 35 class with good wave response and capacity 

of 16.000 ton of diesel fuel oil. 

The dimension used as input for diesel in the software was the metric ton. There are different 

types of diesel fuel oil used by the platforms with different densities. For this study, it was used a 

standard density of 0.9 ton per cubic meter wherever necessary as used by ABS classification 

society. 

For the model where the HUB has a fixed location, the ship chosed to work as a HUB was initially 

a relief ship which is a small tanker. This type of ship is used in the transportation of crude oil from 

tankers to the ports and has important similarities with the logistics simulated in this work. The 

procedures to transport diesel are simplier compared to crude oil as this is a cleaner product. It is 

also a lighter product thus having no problems to dock in the port. This ship also has a tested 

technology for the transshipment of oil making is more feasible to be used in the case studied. 

In the work of Borges [18] it was described the types of relief ships used to transport the crude oil 

from the tankers offshore to the port. 

 

Table 6. Example of ships' capacity 

Field Tanker Capacity (thousand 

m3) 

Capacity of relief ship that 

accesses the field (thousand m3) 

Marimbá Leste 31,0 15,0 - 40,0 

Roncador 47,0 15,0 - 40,0 

Marlim 282,0 65,0 - 150,0 

Albacora 263,0 65,0 - 150,0 

 

 

By looking in the Table 6, it is possible to see that the class 35 ship discussed before with 16000 

DWT is inside the range of relief ships for the two first fields. Petrobras subsidiary company 

Transpetro has a fleet with different ship types that may be suitable to be used in this case. In the 

same range of DWT of the relief ship, 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 [32] which is double hull, 17.762 DWT and 13.474 gross tonnage [33]. One 

representation was adapted from the work of Borges [18] which holds similarities to the cases 
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studied in this work. The Figure 19 shows the configuration where the feeder is connected to the 

HUB while the PSV is travelling to make a deliver. 

 

Figure 19. Feeder ship operation, adapted from: [18] 

 

5.1 Port characteristics 

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 considered 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. The figure 

17 shows an example of the Imbetiba port, used for similar operations. 
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Figure 20. Terminal alfandegado de Imbetiba (TAI), source: [22] 

 

5.2 Transfer times 

The Diesel’s transfer times between the PSVs and the other entities are defined by Leite [34] to 

be of 91 m³/h for the type of ship chosen (PSV 4500). 

 

Table 7. General Diesel data for PSV, source: [34] 

 

 

The flow of diesel is an important factor in the system as this will dictate the pace the diesel will 

be transferred in the OSs. In the cases where all the PSV load is transferred, the total time is 

equal to 1.832 m³ divided per 91m³/h which is approximated 20h of operation. In the model, it was 

initially defined the discrete model where the PSV would discharge the whole load at once without 

the possibility of the PSVs to feed more than one OS per voyage. After some tests it was seen as 

necessary to make a continuous variable for the flow of diesel and thus its transfer times. Because 

of it, the simulation got closer to the reality where the PSVs discharge one part of the load and 

goes to another platform to discharge the rest.  
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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. [35] it was considered 1h 56 min as 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 conections 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 piping 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. It was also modelled a bigger flow rate in all PSVs as the software 

allows all values to be changed. The response of the system showed a good behavior as this 

would also reduce the time the PSVs were stopped in the platforms’ refueling process. Despite it, 

this solution was discarded after research of the PSV market. It was seen in the research that the 

PSVs design was refined by its used for decades and in many different places of the world. 

Changing the model would also jeopardize the interchangeable aspect of this type of vessel 

making it harder to use spot market ships when necessary. Furthermore, the ships proposed to 

be used as a HUB are vessels that have big pumps as standard as it transport big quantities of 

chemical products.  

5.3 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 matrix explained before in this 

work. As mentioned before, the smaller distance between HUB and platforms compared with the 

distances between port and platforms 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 supplier 

(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 Campos basin near the area of study. In the ship datasheet it was found its 

service speed as 13 knots [36]. A conservative 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 including acceleration and deceleration, machines imperfections and bad 

weather. Some studies studies as the one made by Halvorsen-Weare et al. [37] show how the 

beaufort scale impact to reduce up to 3 knots the sailing speed. 
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Table 8. Speed reduction due to weather, source: [37] 

 

 

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 the third case, 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. 

5.4 Modeling in ARENA 

After describing the processes and defining the key aspects 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 situation. 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. To explain what was made in the modules, they were made 

flowcharts that describe the processes within. 

In the distribution side, all sectors work in a straight relation. The Platforms send the requests to 

the Requests Management (RM) sector which checks the availability of PSVs. The PSVs send 
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the signal of readiness and is routed to the platform. After loading it remains in position if there is 

enough diesel remaining or go back to be reloaded. Then it sends the readiness signal and the 

system continues to run. 

 

 

Figure 21. Distribution flowchart 

 

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.  

 

Figure 22. Hourly consumption flowchart 

 

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. 
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Figure 23. Request Management flowchart 

 

The availability of PSVs is different for each case and so it was made one flow chart for each. 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 another delivery, it 

waits near the platform until it goes to attend the next one. 

 

Figure 24. PSV delivery system flowchart - Case 1 

 

In case 2, the flowchart is similar with small changes in the refueling process. Instead of having 

the PSVs going 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 connection available. 

The connections are disputed by the distribution PSVs and the ones used as feeders so this 

check is important in the system. 
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Figure 25. PSV delivery system flowchart - Case 2 

 

The HUB in this case is only interested whether there is enough diesel and connections available. 

If it is true, it loads the PSVs. 

 

Figure 26. Fixed HUB flowchart 

 

The wait for diesel is dictated by the feeders’ performance. 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 diesel from the PSV and if there is a connection available. Then the HUB 

is loaded and the feeder goes back to the port. 
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Figure 27. Feeders flowchart 

 

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 available 

connections. 

 

Figure 28. PSV delivery system flowchart - Case 3 

 

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. 
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Figure 29. Moving HUB flowchart 

 

In the figure 27 it is seen the overall view of the system with the modules that have a drawing 

representation in ARENA. 
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Figure 30. Model blocks in ARENA 

 

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 necessary to 

create the request management module that guides and organize the relation between requests 

from platforms and availability of PSVs. The platforms are not all represented visually as it was 

made a tally set that aggregates them. 

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 orders 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 registered 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 order to be placed. 

With the objective to keep the same file for all cases, they were created variables that allow the 

system to change paths. This was done to ensure that the values were the same for all cases 

without the necessity of inserting values manually. 

Many variables, entities, attributes and other software specifics may not be represented in this 

paper thus is recommended that the file is run in the program in case of more details are needed. 

One drawing was made to represent the distribution voyages in the software as a side tool to 

check the system visually (Figure 31). 
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Figure 31. Visual check of distribution voyages in ARENA 

 

Because of the complex net that was modelled, one main concern was the conservation of mass 

of diesel as the software allows the variable to assume any value that is inserted in it. This was 

assured by checking the volumes of diesel that were brought by the feeders with the volumes that 

were unloaded by the PSVs in the platforms. Another point of concern was that the times of 

voyage and unloading were in accordance with the aspects defined previously. This was tackled 

by checking the program clock times in different points of the system for all replications. Both of 

these solutions were possible by the use of the log approach. By checking variable status and 

time of processes, it was possible to examine the system by parts. In other word, it worked by 

taking samples of the characteristics of the system in specific points of interest. The log approach 

was made possible by the interface between the Arena and the Excel softwares which made 

easier to work with the data generated. With it, the input data were managed in an Excel file and 

the results taken from the simulation were written in another tab of the same file. 

The modelling was specially designed to run the three cases in the same file but, to do so, it is 

necessary to do small configurations in the model before running each case. The difference from 

the first to the second and third cases was the location were the PSVs go for refueling with the 

care to have the fuel always available in the port as discussed in the initial chapters. For the third 

case, it was created a decide block to change the path between cases as well. In it, the HUB is 

considered as a feeder, for model purposes, that stays in the offshore location and goes back 

when the fuel is over. 
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Before taking results it was made 5 replications of one year to ensure that the results were inside 

a reliable interval. As much of the variables were considered constant or uniform distributed, the 

replications showed equal results with neglectable differences.  
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Chapter 6 

 

6 Results 

With the model finished, it was run several times to calibrate it. Initially there was no clue of the 

quantity of PSVs that would be necessary in any case so it was used random numbers until it 

showed a good response of the system. The primarly check to find the minimum quantity of PSVs 

needed was the times that any platform was out of fuel. To do so, it was modelled a counter that 

shows the number of times that the platforms gave the “no fuel” response. 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 tequinique as it showed 

the better configuration of a defined range of values for the variables. 

In this phase it was noted that four platforms had a storage capacity much inferior compared to 

the average, they were the platforms Cidade de Angra do Reis, Merluza, Mexilhão and Cidade 

de Paraty. This made the system to require an absurd amount of PSVs to fulfil its needs. To 

equilibrate the system, the level of fuel where a new request was made was increased little by 

little until an equilibrium was achieved. Initially all platforms were set to make a new request when 

the tank hits 20% of the capacity and they were changed from 20% to 40%, 27%, 27% and 60% 

respectivelly. This request level is something that require a specific study by each platform 

manager with the knowledge of the logistics performance to deliver the fuel on time. In the 

research it was aknowledge by talks with an onboard engineer that some platforms with small 

tanks use 75% as standard in the Brazilian coast. This study requires access to internal data and 

a lot of man hours of research thus it was let as suggestion for future works. 

6.1 Cases comparison 

Platforms have a huge loss of money when they are out of fuel meaning that this was the main 

concern in defining the appropriated logistics. Therefore, they were made graphs of the behavior 

of all platform tanks and made an overall counter to identify any “no fuel” situation. It was also 

computed the level of the tank when a request is made and the same level after the platform is 

refueled. The graph in the Figure 32 shows one example of the platform 11 tank usage in the third 

case with moving HUB and 3 PSVs. 
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Figure 32. Platform 11 tank level in case 3 with 3 PSVs 

 

As expected it is seen the sawtooth graph as the consumption is a constant variant of reduction 

of the fuel level and the refuel is done at once. 

As a comparison base, the graph in Figure 33 shows the same tank in the first case, where the 

PSVs are refueled in the port. 

 

Figure 33. Platform 11 tank level in case 1 with 3 PSVs 

 

It is seen in this case that the tank hits the bottom and stays close to zero most of the time. This 

is due to the difference in the voyage times as the PSVs need much more time to go back to the 
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port compared to go to the HUB. In this simulation, three other platforms were out of fuel thus it 

was increased the number of PSVs up to the point where no platform gets out of fuel. By 

increasing the number of PSVs one by one, it was seen that they were needed four PSVs to feed 

the platforms from the port. The analysis was done by checking all platforms’ tanks, its behavior 

and whether they send any “no fuel” sign. Figure 34 shows the same tank of the platform 11 in 

the port case now with four PSVs. 

 

Figure 34. Platform 11 tank level in case 1 with 4 PSVs 

 

The evaluation using the “no fuel” criteria was done for all platforms and all cases and it was done 

one table of results with the minimum number of PSVs required in each of the three cases 

analyzed (Table 9). 

 

Table 9. Minimum number of PSVs for each case 

Logistics compared 
Number 
of PSVs 

HUB 
Time 

without fuel 
of platforms 

Case 1 (Port) 4 no 0 

Case 2 (fixed HUB) 4 yes 0 

Case 3 (moving HUB) 3 yes 0 

 

 

In the first case, there were needed 4 PSVs to feed all the platforms using the criteira mentioned 

before. In the second case, they were needed only 2 PSVs to feed the platforms from the HUB 
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plus more 2 PSVs to feed the HUB. As explained before, these four ships compete for two berth 

connections in the HUB what was accounted in the model. In the third case, due to the time when 

the HUB was unavailable in its voyage to refuel itself in the port, they were needed 3 PSVs to 

feed the platforms from the HUB. 

Looking deeper in the results of the model and passed the criteria of “no fuel”, it was made a 

closer analysis in how good each of the solutions are for the system. By cheking the behavior of 

the tanks in the software, they showed important differences between themselves. One is the 

lowest level where the tank can get before being reloaded. Using the same example of the 

platform 11 showed before, it can be seen that the lowest level in the case 1 (port case) crosses 

the 500m³ line sometimes (Figure 35). In the case with the moving HUB the tank level range is 

upper in the graph and more above this line (Figure 36).  

 

Figure 35. Tank level of platform 11 in the case 1 (port case) with 4 PSVs 
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Figure 36. Tank level of platform 11 in the case 3 (moving HUB) with 3 PSVs 

 

This is one of the key performance indicators (KPI) used to compare the cases in this work. It was 

chosen for its importance to prevent the platform to run out of fuel and to represent the level of 

service that is provided for the platforms by the system. 

Because of that, it was accounted the average tanks levels before and after refueling for all 

platforms and for all cases. It was made one graph for each platform to see also the behavior of 

the tanks. Figure 34 shows the graphs of the platforms tank levels in the case 1 with four PSVs. 
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Figure 37. Platforms' tank levels in case 1 

 

This was done for the three cases to ensure that all tanks had the behavior it was expected of 

them. The appendix A shows all the graphs for the tanks of platforms, PSVs and HUB when it 

was applied. Table 10 shows the results of this analysis with the average level of the platform 

tanks before and after refueling. 

 

Table 10. Platforms’ tank level before and after refueling 

Logistics compared 
Average platforms 
fuel level before 

refueling 

Average platforms 
fuel level after 

refueling 

Case 1 (Port) 24% 62% 

Case 2 (fixed HUB) 21% 60% 

Case 3 (moving HUB) 25% 63% 

 

 

The analysis then led to the study of the reasons of this conclusion. Using the criteria of “no fuel” 

there was no clear result of which solution is better to the system. Between the case 1 (Port) and 

case 3 (moving HUB) there was a small improvement but not a conclusive one. In the case 2 

(fixed HUB) the results were the worst for platform tank levels. This was due to the fact that there 

were only two PSVs designated for taking the diesel from the HUB to the platforms. The model 

showed that this solution was not good in the level of service criteria adopted. The analysis went 

deeper and it was run the same model for the case 2 with three PSVs designated to feed the 
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platforms (the same number adopted for the case 3). At this time, it showed the same tank levels 

of the case 3 as seen in Table 11. 

 
Table 11. Average platforms tank level with change in case 2 

Logistics compared 
Average platforms 
fuel level before 

refueling 

Average platforms 
fuel level after 

refueling 

Case 1 (Port) 24% 62% 

Case 2 (fixed HUB)* 25% 63% 

Case 3 (moving HUB) 25% 63% 

 

 

This is an example of the configurations possible for the logistics proposed. In this work it was 

run a sensitivity analysis to check the influence of the input variables in the system. It will be 

shown latter in this paper. 

For the defined initial cases, it was analyzed the voyage times of the PSVs. The voyage times 

were divided in three types: Base – Platform; Platform – Platform; Platform – Base. All of them 

were accounted in the excel file using the log approach. Despite the return voyage being important 

for the performance indexes of the system, it does not play a role in the speed in which the 

platform has its requests attended. The other two were then summed up for all refuel processes 

and the average was calculated. Table 12 shows the results for each case. 

 
Table 12. Value of PSVs voyage times and response time 

Logistics compared 
Voyage time of 

PSVs  [h] 
Refuellings 
executed 

Time between refueling 
request and execution [h] 

Case 1 (Port) 12521 414 20.4 

Case 2 (fixed HUB) 3309 412 12.2 

Case 3 (moving HUB) 3462 414 12.8 

 

 

As expected, the response of the system is much faster when the supplier is closer to the clients. 

In this study, beyond the fact that less PSVs are needed when there is a HUB, the level of service 

is also better as consequence of the smaller distance from the HUB to the platforms. As an 

example, the average reduction in the response time from the first to the second case is 8.2 hours 

or 40%. The impact of this reduction should be accounted in the overall risk and cost analysis of 
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the platforms operation as it increases the level of confidence that the platform is loaded and 

operating. 

There is also another effect of the logistics with HUB for the PSV usage. Because of the smaller 

voyages needed to reach the platforms, the total voyage times that the PSVs are required to be 

operating are significantly reduced. Table 13 shows the total hours that the PSVs are on voyages 

accounting also for the feeder voyages. 

 
Table 13. PSVs usage per case 

Logistics compared 
Voyage time 
of PSVs  [h] 

Feeders trips 
Feeders 

voyage time [h] 
Total voyages 

times 
h/PSV 

Case 1 (Port) 12521 no feeders no feeders 12521 3130 

Case 2 (fixed HUB) 3309 412 8240 11549 2887 

Case 3 (moving HUB) 3462 no feeders no feeders 3462 1731 

 

Looking to the PSV usage, it is seen that case 3 is the one with less voyage times. Beyond the 

fact that there is less PSVs in the third case, they are also less required as there was less hours 

per PSV in this case (1731 h/PSV). This means less costs with maintenance, less costs with fuel 

for the voyages and a more comfort work for the people designated in the PSV.  

Table 14 shows the full comparison between the cases KPIs. 
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Table 14. Comparison between cases KPIs 

Logistics compared 
Number 

of 
PSVs 

PSV 
speed 
[km/h] 

PSV 
capacity 

[m³] 

Diesel 
transfer 

rate 
[m³/h] 

HUB 
speed 
[km/h] 

Time 
without 
fuel of 

platforms 
[h] 

"no fuel" 
replies 

Average 
platforms 
fuel level 
before 

refueling 

Average 
platforms 
fuel level 

after 

refueling 

Voyage 
time of 
PSVs  

[h] 

Total 
voyages 
times [h] 

Refuellings 
executed 

Time 
between 
refueling 

request and 
execution [h] 

Case 1 (Port) 4 18.5 1832 91 - 0 0 24% 62% 12521 12521 414 20.4 

case 2 (fixed HUB) 4 18.5 1832 91 - 0 0 21% 60% 3309 11549 412 12.2 

Case 3 (moving HUB) 3 18.5 1832 91 18.5 0 0 25% 63% 3455 3455 415 12.4 
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6.2 HUB study 

After the definition of the ship that was used as HUB defined before in this work, it was studied 

its behavior in the model for each case. There is no HUB in the first case so it was studied the 

case 2 and 3 and how is the behavior of the HUB tank for each. In the case 2 the tank behaves 

as a buffer between the diesel received from the port and the diesel discharged in the PSVs for 

the platforms. The graph then follows the natural uncertainty of the system (Figure 38). 

 

 

Figure 38. HUB tank behavior - Case 2 

 

It is seen that the range of usage of the tank has space for eventual and unpredictable increases 

in the demand from the platforms. It can be seen also the discrete aspect of the graph as the PSV 

feeders unload its whole cargo at once and is computed as one load in the HUB. As a conservative 

approach, the loading of diesel was computed only when it was completed although it could be 

computed as a continuous variable if necessary. Using the approach of keeping a safety margin, 

the tank will never reach the bottom and the continuous variable turns itself irrelevant. In case 3, 

the HUB is not fed by feeders as the ship feeds itself in the port and thus the continuous refueling 

is not relevant also. 

Case 3 shows a totally different behavior in the HUB tank. The diesel is refueled in the port at 

once and the PSVs take it in batches to the platforms.  
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Figure 39. HUB tank behavior - Case 3 

 

The graph seen in Figure 39 shows the tank using the full range between 0 and 13.474 m³ of 

diesel. It is also seen the load of diesel that are taken from the HUB computed at once. In this 

case where they were used 3 PSVs, the total number of voyages of the HUB to the port was 58 

round trips. As said before, the PSVs wait in the offshore base waiting for the HUB to go back. 

Because of this, it is seen that, in the same time the HUB gets back to the offshore base, the tank 

is reduced by the load of PSVs as seen in the Figure 36. 

6.3 PSVs tanks 

In the same way, it was studied the behavior of the tanks of the PSVs. As they are sorted in the 

first-in first-out order, they can be assigned to any platform of the system. They were defined to 

be filled with the whole tank either in the port or the HUB so they do only exit the refueling station 

fully loaded. In the other hand, it is possible to delivery only a part of the load when there is no 

more space in the platform tank. That means that the PSV can fill a platform and wait near it until 

it goes to the next deliver. During the calibration test it was seen that it happened relatively 

seldom. Table 15 shows the case numbers. 

 

Table 15. Inter-voyages cases comparison 

Logistics compared Inter-voyages 

Case 1 (Port) 70 

Case 2 (fixed HUB) 60 

Case 3 (moving HUB) 73 
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In all cases it was seen in the model that a small storage capacity of the platform 7 was the reason 

for these voyages inter-platforms. As the capacity of the PSVs is greater than the one of this 

platform, the deliveries for it allow the PSVs to remain with a significant level of diesel that can be 

delivered to another platform. For the other platforms the case is the opposite. The majority of the 

platforms were set to request a new load when the tank hits 20% of the tank as discussed before. 

Because of this, the tank usage is low with the level range going up to 60% of the capacity as 

showed before. Because of that, the platforms have capacity to receive the full load of the PSVs 

in most cases. 

Also in the calibration period, it was checked how much diesel was discharged in the platforms 

using the log approach. It was found in some cases the PSVs remained with very low fuel and 

even though they performed the voyages as modelled. These trips with low fuel was defined as 

not economical feasible as the PSVs could take several hours of voyages and berthing to deliver 

loads as little as 50 m³. To avoid this, it was set a minimum delivery quantity of 300 m³. The graph 

shown in Figure 37 shows the behavior of one PSV as an example in the case 3.  

 

Figure 40. PSV's tank behavior 

 

It is clear the times when the PSV fill the platform tank when the line stops slightly below 1200m³. 

The constant line besides it is the time it expected to be routed to the other platform. In the same 

graph is also possible to see that the tank does not go to zero all the times. This is the case when 

there is less than 300m³ left in its tank. 
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Chapter 7 

 

7 Sensitivity analysis 

During the calibration period, it was run several sensitivity analyses to understand the influences 

of the variables on the model results. The three initial cases studied passed the “no fuel” criteria 

that means all platforms had enough fuel to operate. Each of them used the same operational 

data including PSV capacity and speed, diesel transfer rate and quantity of PSVs available. In 

order to measure the influence of these variables in the results, they were made changes in their 

values and the model was run for all combinations. The platforms are real entities that did not 

have its aspects changed. Therefore, the changes were made mainly in the PSV specifications 

and in the HUB. The variables analyzed were: 

 

 Number of PSVs 

 PSV speed 

 PSV capacity 

 Diesel transfer rate 

 HUB speed 

 

These variables were changed for more and less and the program was run for each situation. As 

the variables have a different influence depending on the logistics modelled, they were also 

analyzed in the three different cases. Tables 16 to 18 show the results of the analyses. 
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Table 16. Sensitivity analysis - Case 1 

 

Logistics compared   

case 1

Number of 

PSVs

PSV 

speed 

[km/h]

PSV 

capacity 

[m³]

Diesel 

transfer 

rate 

[m³/h]

Time 

without 

fuel of 

platforms 

[h]

"no fuel" 

replies

Average 

platforms 

fuel level 

before 

refuelling

Average 

platforms 

fuel level 

after 

refuelling

Voyage 

time of 

PSVs  [h]

Feeders 

trips

Feeders 

voyage time 

[h]

Total 

voyages 

times [h]

Refuellings 

executed

Time between 

refuelling 

request and 

execution [h]

Case 1 (Port) 2 18.5 1832 91 34393 279 1% 43% 8752 no feeders no feeders 8752 294 22.8

Case 1 (Port) 3 18.5 1832 91 26 3 18% 58% 12361 no feeders no feeders 12361 412 21.4

Case 1 (Port) 4 18.5 1832 91 0 0 24% 62% 12521 no feeders no feeders 12521 414 20.4

Case 1 (Port) 5 18.5 1832 91 0 0 24% 62% 12570 no feeders no feeders 12570 416 20.4

Case 1 (Port) 4 11.1 1832 91 0 0 18% 58% 20575 no feeders no feeders 20575 412 29.4

Case 1 (Port) 4 18.5 1832 91 0 0 24% 62% 12521 no feeders no feeders 12521 414 20.4

Case 1 (Port) 4 25.9 1832 91 0 0 25% 63% 9037 no feeders no feeders 9037 414 17.9

Case 1 (Port) 4 18.5 916 91 14059 598 2% 25% 21352 no feeders no feeders 21352 718 23.0

Case 1 (Port) 4 18.5 1221 91 0 0 22% 49% 18487 no feeders no feeders 18487 615 20.8

Case 1 (Port) 4 18.5 1832 91 0 0 24% 62% 12521 no feeders no feeders 12521 414 20.4

Case 1 (Port) 4 18.5 2132 91 0 0 24% 67% 10793 no feeders no feeders 10793 358 20.7

Case 1 (Port) 4 18.5 1832 46 16 7 20% 57% 12261 no feeders no feeders 12261 412 19.4

Case 1 (Port) 4 18.5 1832 91 0 0 24% 62% 12521 no feeders no feeders 12521 414 20.4

Case 1 (Port) 4 18.5 1832 182 0 0 24% 63% 12618 no feeders no feeders 12618 414 21.9
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Table 17. Sensitivity analysis - Case 2 

 

Logistics compared   

case 2

Number of 

PSVs

PSV 

speed 

[km/h]

PSV 

capacity 

[m³]

Diesel 

transfer 

rate 

[m³/h]

Time 

without 

fuel of 

platforms 

[h]

"no fuel" 

replies

Average 

platforms 

fuel level 

before 

refuelling

Average 

platforms 

fuel level 

after 

refuelling

Voyage 

time of 

PSVs  [h]

Feeders 

trips

Feeders 

voyage time 

[h]

Total 

voyages 

times [h]

Refuellings 

executed

Time between 

refuelling 

request and 

execution [h]

case 2 (fixed HUB) 1 18.5 1832 91 52778 241 1% 43% 1865 234 4680 6545 233 12.7

case 2 (fixed HUB) 2 18.5 1832 91 0 0 21% 60% 3309 412 8240 11549 412 12.2

case 2 (fixed HUB) 3 18.5 1832 91 0 0 25% 63% 3455 411 8220 11675 414 12.6

case 2 (fixed HUB) 4 18.5 1832 91 0 0 26% 63% 3458 411 8220 11678 415 12.8

case 2 (fixed HUB) 2 11.1 1832 91 1232 71 9% 50% 5408 403 8060 13468 403 15.1

case 2 (fixed HUB) 2 18.5 1832 91 0 0 21% 60% 3309 412 8240 11549 412 12.2

case 2 (fixed HUB) 2 25.9 1832 91 0 0 24% 62% 2479 412 8240 10719 413 10.8

case 2 (fixed HUB) 2 18.5 916 91 16522 588 2% 25% 5333 352 7040 12373 701 10.7

case 2 (fixed HUB) 2 18.5 1221 91 0 0 20% 47% 4953 409 8180 13133 614 10.1

case 2 (fixed HUB) 2 18.5 1832 91 0 0 21% 60% 3309 412 8240 11549 412 12.2

case 2 (fixed HUB) 2 18.5 2132 91 0 0 24% 64% 3177 412 8240 11417 379 12.2

case 2 (fixed HUB) 2 18.5 1832 46 25694 271 2% 44% 2565 324 6480 9045 323 9.4

case 2 (fixed HUB) 2 18.5 1832 91 0 0 21% 60% 3309 412 8240 11549 412 12.2

case 2 (fixed HUB) 2 18.5 1832 182 0 0 25% 64% 3437 412 8240 11677 413 11.4
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Table 18. Sensitivity analysis - Case 3 

 

 

Logistics compared   

case 3

Number of 

PSVs

PSV 

speed 

[km/h]

PSV 

capacity 

[m³]

Diesel 

transfer 

rate 

[m³/h]

HUB 

speed 

[km/h]

Time 

without fuel 

of platforms 

[h]

"no fuel" 

replies

Average 

platforms 

fuel level 

before 

refuelling

Average 

platforms 

fuel level 

after 

refuelling

Voyage 

time of 

PSVs  [h]

HUB trips

HUB 

voyage 

time [h]

Total 

voyages 

times [h]

Refuellings 

executed

Time between 

refuelling 

request and 

execution [h]

Case 3 (moving HUB) 2 18.5 1832 91 10 33 5 18% 57% 3319 58 1160 3319 412 12.4

Case 3 (moving HUB) 3 18.5 1832 91 10 0 0 25% 63% 3455 58 1160 3455 415 12.4

Case 3 (moving HUB) 4 18.5 1832 91 10 0 0 26% 63% 3462 58 1160 3462 414 12.8

Case 3 (moving HUB) 5 18.5 1832 91 10 0 0 26% 63% 3419 58 1160 3419 417 12.4

Case 3 (moving HUB) 3 11.1 1832 91 10 0 0 25% 62% 5733 58 1160 5733 413 15.1

Case 3 (moving HUB) 3 18.5 1832 91 10 0 0 25% 63% 3455 58 1160 3455 415 12.4

Case 3 (moving HUB) 3 25.9 1832 91 10 0 0 25% 63% 2461 58 1160 2461 415 11.4

Case 3 (moving HUB) 3 18.5 916 91 10 0 0 22% 44% 6488 63 1260 6488 827 10.8

Case 3 (moving HUB) 3 18.5 1221 91 10 0 0 24% 51% 5059 61 1220 5059 613 11.3

Case 3 (moving HUB) 3 18.5 1832 91 10 0 0 25% 63% 3455 58 1160 3455 415 12.4

Case 3 (moving HUB) 3 18.5 2132 91 10 0 0 26% 67% 3105 59 1180 3105 357 12.2

Case 3 (moving HUB) 3 18.5 1532 46 10 0 0 21% 58% 3327 58 1160 3327 412 11.4

Case 3 (moving HUB) 3 18.5 1832 91 10 0 0 25% 63% 3455 58 1160 3455 415 12.4

Case 3 (moving HUB) 3 18.5 2132 182 10 0 0 27% 65% 3448 58 1160 3448 415 11.1

Case 3 (moving HUB) 3 18.5 1532 91 10 0 0 24% 63% 3453 58 1160 3453 413 12.7

Case 3 (moving HUB) 3 18.5 1832 91 20 0 0 25% 63% 3455 58 1160 3455 415 12.4

Case 3 (moving HUB) 3 18.5 2132 91 30 0 0 25% 63% 3426 59 1180 3426 416 12.5
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It was clear that the variables have a very different influence in the results in relation for which 

model is being studied. The most influent variable for the three cases is the number of PSVs 

available for each logistics. For example, in the case 2, there is a huge difference between the 

case with one PSV and the case with two PSVs. With one PSV the platforms where 52778 hours 

without fuel while with two, there was no time without fuel. The “no fuel” response was the main 

key performance indicator used to define the characteristics of the cases studied. All 

characteristics defined for the PSVs were then confirmed as performing a suitable solution to the 

proposed logistics. The only characteristic that appeared with a possibility of change was the 

storage capacity that was found a possibility of reduction. The sensitivity analysis detected that a 

storage capacity of 2/3 of the total (1221 m³) got a good response of the system. The smaller PSV 

from the 4500 type would be the 3000 type but it shows a storage capacity much lower than the 

necessity of the system. Therefore, the spare capacity perceived in the PSVs can be used for 

other supplies. In the research it was found water is the other supply that require big cargo space 

to be delivered to the platforms so the results open the possibility to use the spare storage to 

transport water as well. 

The big storage capacity thus requires less voyages to feed the platforms. The smaller storage 

used in the analyses showed a big increase in the PSVs voyages times, due to more voyages, 

and in the quantity of refuelings executed as expected. 

The diesel transfer rate initially defined was seen as suitable as the lower values would take much 

time in the transfers impacting the total distribution. There is also no need to increase the pumps 

capacity as it did not show a sensible impact in the logistics. 

In the moving HUB case it was also run a sensitivity analysis on the HUB speed which impact on 

the time the HUB takes to go to refuel in the port and back. It was seen that it has almost 

neglecteable changes in the results meaning the HUB can travel in low steaming as the voyage 

times do not have a big impact in the overall system. 

It was seen also the inter-relation between variables. In the cases with more PSVs, the other PSV 

characteristics were not so influent in the final results. When there is only one or two PSVs, the 

system is more dependent on them making the system less reliable. That is better seen in the 

case 2 which requests only two PSVs to distribute the diesel. In the table 17 it is possible to see 

that, in all situations with the minor valor of the variables, it shows “no fuel” responses. In the case 

1, despite the necessity of the PSVs to go all the way back the port to refuel, there are more PSVs 

available and the PSV speed was not so decisive. 

The PSVs usage was something that played an important role in the variables influence. In Table 

13 (chapter 7.1) it was seen that case 3 had the lower PSV usage with 1731 h/PSV. That means 

that each PSV is less requested in its characteristics also. Therefore, it is not necessary to have 

a fast and efficient PSV as the system is not strongly dependent on they. Table 18 shows that the 

only variable that showed “no fuel” responses in case 3 was the number of PSVs available. These 
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results show that between the three initial cases, the case with moving HUB is the one that request 

the lower quantity of PSVs and with lower usage of them. 

As a model assessment it was checked the tank levels before and after refueling. As expected, 

when the variables are changed to a smaller number the levels before and after refueling get 

lower. The same happens when the variables are changed to a better number although in this 

case the results are not linear related. The levels only increase up to the level where the system 

was designed to reach. Because of this, an optimal solution is found and an increase in the 

variables do not have any increase in the levels. Table 16, for the port case, shows for instance 

that the result levels do not change when the number of PSVs is increased from 4 to 5 ships. 
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Chapter 8 

 

8 Financial Analysis 

It is crucial to understand the costs associated with the cases proposed to understand the 

feasibility of each. The three cases were set to keep the platforms with continuous operations 

thus it was not included the costs associated with the “out of service” status of the platforms. This 

cost is related to the risk analysis of the platforms and of the systems where they are inserted. 

This way, it was done an initial analysis comparing the major aspects of each case that are: 

 PSVs freight rate 

 PSVs variable costs 

 HUB freight rate 

Depending on the freight type and what is included in the contract, it is important to include other 

voyage costs that are important in a full financial analysis. The PSV freight rate is variable and 

related to the global market of afreightment which is very volatile. One value initially used as 

reference was taken from the study of Uglane et al. [22] that states the value of a PSV 3000 as 

US$ 35.000 daily with a variable cost of US$ 420 per kilometer. Nevertheless, the values of 

affreightment have dropped significantly in the last years thus, in this work, it was considered the 

values to the affreighment of the PSV 4000 found in the shipping market review of the Danish 

Ship Finance of May, 2017 [38]. The fixed cost was defined as US$ 11.000 as it is for the 1-year 

charter seen in Figure 41. The variable costs were mainly fuel costs as stated in the same work 

of Uglane et al. [22]. 

 

Figure 41. PSV daily freight rate, source: [38] 
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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 (Figure 42). 

 

 

Figure 42. Product tanker daily freight rate, source: [38] 

 

All these number are reference for the year of 2017 making it imperative to the reader to update 

them whenever necessary. There was no source of information for the variable cost of the HUB 

in its voyages to refuel in the port. As it can go in low steaming as showed before in the sensitivity 

analysis, its consumption can be compared to the PSVs and therefore the same variable cost 

was adopted for both. It was considered that all other costs were the same for the three cases as 

the financial analysis was not the core of this work. The calculations for each case were made in 

Excel and the results are shown in Table 19. 

 



67 
 

Table 19. Finacial Cases comparisson 

Financial Analysis for  
1 year 

Number 
of PSVs 

HUB 

Average 
platforms 
fuel level 
before 

refueling 

Average 
platforms 
fuel level 

after 

refueling 

PSV 
total 

voyages 
times 

[h] 

PSV total 
kilometers 
traveled 

[km] 

PSV annual 
freight cost 

[US$] 

PSV annual 
variable cost 

[US$] 

HUB annual 
freight cost 

[US$] 

HUB annual 
variable cost 

[US$] 

Total annual 
cost [US$] 

Case 1 (Port) 4 no 24% 62% 12521 231639  16,060,000.00   97,288,170.00   -   -   113,348,170.00  

Case 2 (fixed HUB 
with feeders ) 2 + 2* yes 21% 60% 11549 213657  16,060,000.00   89,735,730.00   4,745,000.00  

 -  
 110,540,730.00  

Case 3 (moving 
HUB) 3 yes 25% 63% 3462 64047  12,045,000.00   26,899,740.00   4,745,000.00  

   
12,813,360.00     56,503,100.00  

 

 

*Case 2 refers to two PSVs used in distribution plus two other PSVs used as feeders of the HUB. 
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Despite using the variable cost of a smaller type of PSV (3000), this variable still showed up as 

the major costs in the 1-year operation. It is important to mention that the value used of 420 

US$/km taken from the work of Uglane et al. [22] is subject to the fuel prices and thus related to 

the global oil prices. That work was dated of 2013 yet before a huge drop in oil prices that is still 

presenting a big volatility. This is a no predictable variable and should be updated as needed. 

The value used, however, is valid as a real reference and thus the results are suitable to this 

study. 

Prices of the freight rates also have a big volatility although a little more predictable. In the report 

it was mentioned the overcapacity of shipyards in the world meaning that the prices will continue 

low for years to come. Specifically, about the HUB freight rate, it was used as reference the ship 

owned by Transpetro which is a subsidiary of Petrobras. This means the freight rate can be even 

lower then what was used based on the global prices for product tankers.  

With these constraints in mind, it was possible to see the prevalence of the case 3 in relation to 

the others. This happens as the moving HUB allows much shorter voyages to the platforms with 

the advantage of the money saving with feeders and their voyages. 

Using the data gathered in the sensitivity analysis, it was made a combination with the financial 

analysis to present all results in the same table. The tables 20, 21 and 22 show the complete 

tables. 
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Table 20. Cost sensitivity analysis - Case 1 

 

 

 

Table 21. Cost sensitivity analysis - Case 2 

 

 

Logistics compared   

case 1

Number of 

PSVs

PSV 

speed 

[km/h]

PSV 

capacity 

[m³]

Diesel 

transfer 

rate 

[m³/h]

Time 

without 

fuel of 

platforms 

[h]

"no fuel" 

replies

Average 

platforms 

fuel level 

before 

refuelling

Average 

platforms fuel 

level after 

refuelling

Voyage time of 

PSVs  [h]

Feeders 

trips

Feeders 

voyage time [h]

Total voyages 

times [h]

Total voyages 

kilometers [km]

Refuellings 

executed

Time between 

refuelling 

request and 

execution [h]

PSV annual freight 

cost [US$]

PSV annual variable 

cost [US$]

HUB annual 

freight cost 

[US$]

HUB annual 

variable cost 

[US$]

Total annual cost 

[US$]

Case 1 (Port) 2 18.5 1832 91 34393 279 1% 43% 8752 no feeders no feeders 8752 161912 294 22.8 8,030,000.00           68,003,040.00        - - 76,033,040.00           

Case 1 (Port) 3 18.5 1832 91 26 3 18% 58% 12361 no feeders no feeders 12361 228679 412 21.4 12,045,000.00         96,044,970.00        - - 108,089,970.00         

Case 1 (Port) 4 18.5 1832 91 0 0 24% 62% 12521 no feeders no feeders 12521 231639 414 20.4 16,060,000.00         97,288,170.00        - - 113,348,170.00         

Case 1 (Port) 5 18.5 1832 91 0 0 24% 62% 12570 no feeders no feeders 12570 232545 416 20.4 20,075,000.00         97,668,900.00        - - 117,743,900.00         

Case 1 (Port) 4 11.1 1832 91 0 0 18% 58% 20575 no feeders no feeders 20575 380638 412 29.4 16,060,000.00         159,867,750.00      - - 175,927,750.00         

Case 1 (Port) 4 18.5 1832 91 0 0 24% 62% 12521 no feeders no feeders 12521 231639 414 20.4 16,060,000.00         97,288,170.00        - - 113,348,170.00         

Case 1 (Port) 4 25.9 1832 91 0 0 25% 63% 9037 no feeders no feeders 9037 167185 414 17.9 16,060,000.00         70,217,490.00        - - 86,277,490.00           

Case 1 (Port) 4 18.5 916 91 14059 598 2% 25% 21352 no feeders no feeders 21352 395012 718 23.0 16,060,000.00         165,905,040.00      - - 181,965,040.00         

Case 1 (Port) 4 18.5 1221 91 0 0 22% 49% 18487 no feeders no feeders 18487 342010 615 20.8 16,060,000.00         143,643,990.00      - - 159,703,990.00         

Case 1 (Port) 4 18.5 1832 91 0 0 24% 62% 12521 no feeders no feeders 12521 231639 414 20.4 16,060,000.00         97,288,170.00        - - 113,348,170.00         

Case 1 (Port) 4 18.5 2132 91 0 0 24% 67% 10793 no feeders no feeders 10793 199671 358 20.7 16,060,000.00         83,861,610.00        - - 99,921,610.00           

Case 1 (Port) 4 18.5 1832 46 16 7 20% 57% 12261 no feeders no feeders 12261 226829 412 19.4 16,060,000.00         95,267,970.00        - - 111,327,970.00         

Case 1 (Port) 4 18.5 1832 91 0 0 24% 62% 12521 no feeders no feeders 12521 231639 414 20.4 16,060,000.00         97,288,170.00        - - 113,348,170.00         

Case 1 (Port) 4 18.5 1832 182 0 0 24% 63% 12618 no feeders no feeders 12618 233433 414 21.9 16,060,000.00         98,041,860.00        - - 114,101,860.00         
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Logistics compared   

case 2

Number of 

PSVs

PSV 

speed 

[km/h]

PSV 

capacity 

[m³]

Diesel 

transfer 

rate 

[m³/h]

Time 

without 

fuel of 

platforms 

[h]

"no fuel" 

replies

Average 

platforms 

fuel level 

before 

refuelling

Average 

platforms fuel 

level after 

refuelling

Voyage time of 

PSVs  [h]

Feeders 

trips

Feeders 

voyage time [h]

Total voyages 

times [h]

Total voyages 

kilometers [km]

Refuellings 

executed

Time between 

refuelling 

request and 

execution [h]

PSV annual freight 

cost [US$]

PSV annual variable 

cost [US$]

HUB annual 

freight cost 

[US$]

HUB annual 

variable cost 

[US$]

Total annual cost 

[US$]

case 2 (fixed HUB) 1 18.5 1832 91 52778 241 1% 43% 1865 234 4680 6545 121083 233 12.7 12,045,000.00         50,854,650.00        4,745,000.00   - 67,644,650.00           

case 2 (fixed HUB) 2 18.5 1832 91 0 0 21% 60% 3309 412 8240 11549 213657 412 12.2 16,060,000.00         89,735,730.00        4,745,000.00   - 110,540,730.00         

case 2 (fixed HUB) 3 18.5 1832 91 0 0 25% 63% 3455 411 8220 11675 215988 414 12.6 20,075,000.00         90,714,750.00        4,745,000.00   - 115,534,750.00         

case 2 (fixed HUB) 4 18.5 1832 91 0 0 26% 63% 3458 411 8220 11678 216043 415 12.8 24,090,000.00         90,738,060.00        4,745,000.00   - 119,573,060.00         

case 2 (fixed HUB) 2 11.1 1832 91 1232 71 9% 50% 5408 403 8060 13468 249158 403 15.1 16,060,000.00         104,646,360.00      4,745,000.00   - 125,451,360.00         

case 2 (fixed HUB) 2 18.5 1832 91 0 0 21% 60% 3309 412 8240 11549 213657 412 12.2 16,060,000.00         89,735,730.00        4,745,000.00   - 110,540,730.00         

case 2 (fixed HUB) 2 25.9 1832 91 0 0 24% 62% 2479 412 8240 10719 198302 413 10.8 16,060,000.00         83,286,630.00        4,745,000.00   - 104,091,630.00         

case 2 (fixed HUB) 2 18.5 916 91 16522 588 2% 25% 5333 352 7040 12373 228901 701 10.7 16,060,000.00         96,138,210.00        4,745,000.00   - 116,943,210.00         

case 2 (fixed HUB) 2 18.5 1221 91 0 0 20% 47% 4953 409 8180 13133 242961 614 10.1 16,060,000.00         102,043,410.00      4,745,000.00   - 122,848,410.00         

case 2 (fixed HUB) 2 18.5 1832 91 0 0 21% 60% 3309 412 8240 11549 213657 412 12.2 16,060,000.00         89,735,730.00        4,745,000.00   - 110,540,730.00         

case 2 (fixed HUB) 2 18.5 2132 91 0 0 24% 64% 3177 412 8240 11417 211215 379 12.2 16,060,000.00         88,710,090.00        4,745,000.00   - 109,515,090.00         

case 2 (fixed HUB) 2 18.5 1832 46 25694 271 2% 44% 2565 324 6480 9045 167333 323 9.4 16,060,000.00         70,279,650.00        4,745,000.00   - 91,084,650.00           

case 2 (fixed HUB) 2 18.5 1832 91 0 0 21% 60% 3309 412 8240 11549 213657 412 12.2 16,060,000.00         89,735,730.00        4,745,000.00   - 110,540,730.00         

case 2 (fixed HUB) 2 18.5 1832 182 0 0 25% 64% 3437 412 8240 11677 216025 413 11.4 16,060,000.00         90,730,290.00        4,745,000.00   - 111,535,290.00         
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Table 22. Cost sensitivity analysis - Case 3 

Logistics compared   

case 3

Number of 

PSVs

PSV 

speed 

[km/h]

PSV 

capacity 

[m³]

Diesel 

transfer 

rate 

[m³/h]

HUB 

speed 

[km/h]

Time 

without fuel 

of platforms 

[h]

"no fuel" 

replies

Average 

platforms fuel 

level before 

refuelling

Average 

platforms fuel 

level after 

refuelling

Voyage 

time of 

PSVs  [h]

HUB trips
HUB voyage 

time [h]

Total voyages 

times [h]

Total voyages 

kilometers 

[km]

Refuellings 

executed

Time between 

refuelling request and 

execution [h]

PSV annual freight 

cost [US$]

PSV annual 

variable cost 

[US$]

HUB annual 

freight cost [US$]

HUB annual variable 

cost [US$]

Total annual cost 

[US$]

Case 3 (moving HUB) 2 18.5 1832 91 10 33 5 18% 57% 3319 58 1160 3319 61402 412 12.4 8,030,000.00          25,788,630.00 4,745,000.00       12,813,360.00           51,376,990.00        

Case 3 (moving HUB) 3 18.5 1832 91 10 0 0 25% 63% 3455 58 1160 3455 63918 415 12.4 12,045,000.00        26,845,350.00 4,745,000.00       12,813,360.00           56,448,710.00        

Case 3 (moving HUB) 4 18.5 1832 91 10 0 0 26% 63% 3462 58 1160 3462 64047 414 12.8 16,060,000.00        26,899,740.00 4,745,000.00       12,813,360.00           60,518,100.00        

Case 3 (moving HUB) 5 18.5 1832 91 10 0 0 26% 63% 3419 58 1160 3419 63252 417 12.4 20,075,000.00        26,565,630.00 4,745,000.00       12,813,360.00           64,198,990.00        

Case 3 (moving HUB) 3 11.1 1832 91 10 0 0 25% 62% 5733 58 1160 5733 106061 413 15.1 12,045,000.00        44,545,410.00 4,745,000.00       12,813,360.00           74,148,770.00        

Case 3 (moving HUB) 3 18.5 1832 91 10 0 0 25% 63% 3455 58 1160 3455 63918 415 12.4 12,045,000.00        26,845,350.00 4,745,000.00       12,813,360.00           56,448,710.00        

Case 3 (moving HUB) 3 25.9 1832 91 10 0 0 25% 63% 2461 58 1160 2461 45529 415 11.4 12,045,000.00        19,121,970.00 4,745,000.00       12,813,360.00           48,725,330.00        

Case 3 (moving HUB) 3 18.5 916 91 10 0 0 22% 44% 6488 63 1260 6488 120028 827 10.8 12,045,000.00        50,411,760.00 4,745,000.00       13,917,960.00           81,119,720.00        

Case 3 (moving HUB) 3 18.5 1221 91 10 0 0 24% 51% 5059 61 1220 5059 93592 613 11.3 12,045,000.00        39,308,430.00 4,745,000.00       13,476,120.00           69,574,550.00        

Case 3 (moving HUB) 3 18.5 1832 91 10 0 0 25% 63% 3455 58 1160 3455 63918 415 12.4 12,045,000.00        26,845,350.00 4,745,000.00       12,813,360.00           56,448,710.00        

Case 3 (moving HUB) 3 18.5 2132 91 10 0 0 26% 67% 3105 59 1180 3105 57443 357 12.2 12,045,000.00        24,125,850.00 4,745,000.00       13,034,280.00           53,950,130.00        

Case 3 (moving HUB) 3 18.5 1532 46 10 0 0 21% 58% 3327 58 1160 3327 61550 412 11.4 12,045,000.00        25,850,790.00 4,745,000.00       12,813,360.00           55,454,150.00        

Case 3 (moving HUB) 3 18.5 1832 91 10 0 0 25% 63% 3455 58 1160 3455 63918 415 12.4 12,045,000.00        26,845,350.00 4,745,000.00       12,813,360.00           56,448,710.00        

Case 3 (moving HUB) 3 18.5 2132 182 10 0 0 27% 65% 3448 58 1160 3448 63788 415 11.1 12,045,000.00        26,790,960.00 4,745,000.00       12,813,360.00           56,394,320.00        

Case 3 (moving HUB) 3 18.5 1532 91 10 0 0 24% 63% 3453 58 1160 3453 63881 413 413 12,045,000.00        26,829,810.00 4,745,000.00       12,813,360.00           56,433,170.00        

Case 3 (moving HUB) 3 18.5 1832 91 18.5 0 0 25% 63% 3455 58 1160 3455 63918 415 415 12,045,000.00        26,845,350.00 4,745,000.00       12,813,360.00           56,448,710.00        

Case 3 (moving HUB) 3 18.5 2132 91 30 0 0 25% 63% 3426 59 1180 3426 63381 416 416 12,045,000.00        26,620,020.00 4,745,000.00       13,034,280.00           56,444,300.00        H
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It was highlighted in pink the lines of the cases used in the financial comparison. Although theses 

complete tables are a good way to show the overall financial results, they have a strong limitation 

in the values because they were not accounted how the changes in the variables would change 

the costs. For example, it can be seen that an increase in the PSVs speed would take the final 

costs to a lower value but it does not account how much the faster PSV would cost more. Because 

of that, it is suggested to be used the financial analysis done for the three case studies and only 

use the complete table as reference for possible improvements in the systems due to changes in 

the PSVs and HUB characteristics.   
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Chapter 9 

 

9 Conclusions 

The logistics for supply diesel to offshore basins is a subject relatively new with few studies about 

it. This work intended to present a study of the feasibility of three different cases that are suitable 

to perform the operation. Each case has very specific pros and cons that require the company to 

make a continuous monitoring of the most cost-effective ones. 

The Santos basin will see a big development in its near future as the wells start to produce the oil 

found in the last years. Petrobras will continue to be the major player based on country regulations 

and will work in partnership with other companies in the same region. This means that studies 

about offshore logistics will be even more required to take the oil in the most efficient way from 

the reservoirs to the shore. 

This work aimed at simulate logistic cases that are suitable in the current date and to show 

directions of how it could be in the near future. Each case has its advantages that the company 

shall decide whether they are more or less important. 

The model was made based in real values found after a deep research of the processes and thus 

it simulated the reality in the better way possible. The actual modelling process took in account 

different aspects such as maneuvering approach time and rate of transfer intending to account 

for all the small processes that occur in the logistics. The variables that were subject to 

interpretation were chosen in the conservative side to ensure that the equipment were capable of 

the processes. That happened for instance in the PSV speed were it was used the speed of 10 

knots. The average commercial speed is 13 knots but it does not account for weather conditions, 

machine malfunctions and acceleration period. Therefore, it was used the constant 10 knots 

speed for all cases. It happened also in the transfer times as it was used the values of the regular 

PSV. For this case, were the PSVs are designated for diesel, the transfer rate could be increased 

if bigger pumps were installed in the deck but it was adopted the conservative value instead. 

In the calibration period the model was exhaustively tested to ensure that it represented the reality 

and that its results were reliable. Many aspects were actually created at that phase as the system 

was being refined in the same time. One example of this is the important change of the load from 

being a discrete delivery of a single load to a continuous variable of cubic meters of diesel. This 

refinement required the model to be redesigned several times and gave confidence that the model 

behaved as it was designed for. By doing this, the results were continuously checked specially 

the behavior of the tanks of the three entities: Platforms, PSVs and HUB. Only after the system 

was balanced and accurate that the results were taken as reliable. 
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Against initial personal beliefs, the systems showed the necessity of only a few PSVs to deliver 

diesel to all platforms of the basin. In the beginning of the study it was expected dozens of PSVs 

as it is for the delivery of deck cargo in the Campos basin but the model showed that this is 

different for the fuel delivery logistics. Although, there is no economy of scale in the number of 

PSVs, it is real in the quantity of diesel transported and in the number of voyages required. These 

two variables make the HUB cases feasible. 

In the sensitivity analysis, it was possible to infer some conclusion of possible refinements in the 

variables that influence the system the most. It was seen that increasing PSV speed and capacity 

would make little difference in the results what means that there is no need to develop bigger 

ships than the PSV 4500 for the diesel delivery. 

As an overall conclusion it was seen that the best results were found in case 3 when there were 

three PSVs delivering diesel from the HUB position to the platforms. With this solution 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 

delivery. 

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 direct 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 combination will last for years to come and so the results show a 

good study of the logistics feasibility. 

Despite the cheaper price of the 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 exploration, more platforms will be placed in the 

region demanding 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. 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 demand and the shadow demand (of 

drillships and AHTS) discussed before, the case 2 could become more feasible in the future.  
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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. Beyond 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 advantage of the spare 

capacity of tanks in the PSVs detected in the sensitivity analysis. 

Using only the aspects studied in this work the comparison between cases is resumed in the table 

23 with clear advantage for case 3. 

 

Table 23. 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  

 

 

About further work, it is important to add the uncertainty in all processes’ times, including voyage 

times, which requires a deep analysis about how they are made on site. Also about input data, 

the platforms’ consumption rate need to be refined based in numbers gathered from the 

continuous real operations even though there will be still some uncertainty from the geological 

aspects of the wells. The tank level where the requests are made also may change depending on 

how good and reliable the diesel is delivered so it opens space for optimization in this subject. 

At a technical prospect, the HUB shape and configuration 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 logistical 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 collected up to this date. 
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CASE 1 – Tank behaviors 

 

  

  



81 
 

 

 

 



82 
 

 

 



83 
 

 

 

CASE 2 – Tank behaviours 
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CASE 3 – Tank behaviours 
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