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ABSTRACT: The offshore logistic is a crucial point of interest in the Exploration and Production industry as it can influence not 

only the global operation costs, but also impact failures and transportation delays. Petrobras counts with several offshore units in 

the Santos Basin, attended by a large fleet of platform supply vessels (PSV) responsible for the transportation of deck and liquid 

cargo. As it is observed an unpredictability of the weather conditions in offshore logistics problems, the fleet sizing definition 

problem becomes highly stochastic, which can be better solved with discrete-event simulation (DES). The case study includes one 

terminal port, 16 installation units and a homogeneous undefined number of PSV to test the fleet size and define a delivery schedule. 

Key performance indicators (KPI) are used to evaluate the efficiency of the different scenarios. Cost figures are also assessed, such 

as variable costs and fixed costs and the total offshore logistics cost per square meter of deck cargo transported. Three scenarios 

were defined to observe the performance characteristics of three classes of PSV. The evaluation of the scenarios’ behaviours was 

performed by the investigation of the KPI and cost figures, essential to comprehend the logistics responses according to the number 

of vessels in the simulation model. By comparing the sub scenarios for the three classes of PSV, the best sub scenario result was 

defined (Scenario 3 – PSV 4500, 4-unit’s fleet). This fleet composition returned the lowest cost figures (considering the required 

slack time for a robust schedule resolution). 

 

1 INTRODUCTION 

Although efforts are being made to change the world’s 

dependence on the non-renewable energies, the fossil fuels are 

still the main source of energy in the planet. Furthermore, this 

dependence will endure for at least more 20 years, according to 

U.S. EIA (Org.) (2017).  

Brazil was the ninth-largest global producer of petroleum and 

other liquids (crude oil and lease condensate, natural gas plant 

liquids and liquids from renewable sources) in the year of 2017 

and the production has increased in recent years with the pre-

salt oil, which is located in offshore ultra-deep waters, in 

between thick layers of rock and salt. (U.S. EIA (Org.) (2017)) 

Santos Basin, located in the southeast of Brazil, is the heart of 

the pre-salt. Its distance from the Brazilian coast, nearly 300 

kilometers, increases the necessity of logistical planning for the 

shipping from and to the offshore units in the open sea. The 

movement of goods is necessary for the exploration and 

production (E&P) of oil and gas.  

The offshore logistic is a crucial point of interest in the E&P 

industry, as the service must be maintained to avoid possible 

interruptions of activities in the offshore units. This segment 

has a major importance as it can influence not only the global 

operation costs, but also impact the failures and delays of the 

transportation, storage and support functions, according to Pires 

and Caprace (2016). Halvorsen-Weare and Fagerholt (2011) 

also mentions that the worst-case scenario are interruptions of 

the service for the offshore industry, which can result in 

temporary shut-downs of the production and loss of income.  

In the offshore logistics, it is observed an unpredictability of the 

weather conditions, which makes the fleet sizing definition 

problem highly stochastic. The result is the use of probability 

distributions to describe the stochastic phenomena, providing a 

non-trivial and complex problem, which can be better solved 

using DES as methodology. In this way, the offshore logistics 

of the Santos Basin has been modeled, in order to find solutions 

for the planning problem of transportation of supplies to the oil 

and gas offshore units. As in the majority of processes, the 

simulation is marked by continuous changes, making the 

development of the model complex. The model, by DES 

modeling, can be evaluated by a series of well-defined and 

ordered events, in which variability, constrains and limitations 

are applied, in order to obtain the desirable results.  

The case study includes one port, 16 installation units and a 

homogeneous undefined number of PSV to test the fleet size. 

KPI are used to evaluate the efficiency of the different 

scenarios, which include the investigation of number of 

voyages performed in a year, total voyage time (general and 

cluster individual values), vessel’s average speed, cargo waiting 

times, weather influence in the vessel delays, not delivered 

cargo in the 365-days of simulation, and other performance 

parameters that assist in the simulation model results 

comprehension. Cost figures are also evaluated, which can be 

divided into variable costs (fuel and port taxes) and fixed costs 

(affreightment annual costs) for the transportation of the 

supplies. A cost indicator is also used to evaluate the best results 

in the scenarios created, which is the total offshore logistics cost 

per square meter of deck cargo transported (load and backload). 

2 CARGO LOGISTICS IN OFFSHORE OIL 

AND GAS PRODUCTION 

Logistic activities in the offshore industry are mainly divided 

into two parts, the downstream and upstream logistics. The 

upstream logistics must deal with the regular delivery of 

supplies, in the required time available, to avoid possible 

interruptions of production in the production and exploration 

installations, while the downstream is responsible for the 

transportation of oil and gas from the offshore unit to onshore. 

According to Bain & Company and Tozzini Freire (2009), the 

offshore support operation is remote and, in order to attend the 

transportation, storage and cargo handling (equipment, 

consumables and personal), different services must be 

performed. In general terms, the offshore supply services may 

be classified into maritime and air support services. The 

maritime support service involves the use of ocean vessels to 

perform services and transport goods from the onshore 
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infrastructure (ports, terminals, storages) to the offshore units. 

The air support service, differently, is more focused in the 

transportation of personnel from onshore to the offshore units. 

In this manner, the infrastructure required to support the E&P 

industry englobes the presence of ports, warehouses, terminals, 

airports, inland transportation courses (trains and trucks), 

offshore supply vessels (OSV), oil storage and transportation 

units, helicopters and many other resources.  

3 LITERATURE REVIEW 

As the E&P offshore industry evolves, it is observed the 

frequent search for the optimization and investigation of tasks 

performed by the companies, in order to increase the profit. 

Silva et al. (2017) and Maisiuk and Gribkovskaia (2014) 

present studies in which the problem is the estimation of a fleet 

of supply vessels to transport diesel consumed by offshore oil 

and gas units. The analysis are performed on DES considering 

uncertainties presented in offshore operations. Görmüş (2016) 

in his master thesis works based in a database of 6 months of 

AIS tracking data for 90 different ships that developed the up 

and downstream logistics in the Campos Basin in Brazil and 

after that, the DES is developed. Aguiar (2013) and Batista 

(2005) are focused in the investigation of the port terminal 

movement, performing DES to evaluate the impact of an 

upgrading of the port infrastructure in the Vitoria Bay and PSV 

movements in Macaé’s Port, respectively. The paper of 

Shyshou et al. (2010) was dedicated to the investigation of fleet 

sizing problem for AHTS vessels in the Norwegian Sea and a 

DES is performed to deal with the cost optimal fleet on long 

term charter by the analysis of different fleet sizes. Aneichyk 

(2009) is based in a problem case of the company StatoilHydro 

for the upstream logistics in the Norwegian Sea, for the 

development of a strategical fleet sizing and operational 

planning tool, which can additionally be used when facing 

heavy weather conditions, delays and extra calls from the 

offshore facilities. Borges (1998) proposed an ARENA model 

for the maritime transportation of supplies in the Campos Basin. 

It was created a simulation model that established the best route 

and fleet size in order to minimize the transportation costs.  

In addition to the previous literature presented, some other 

studies are pertinent for this the problem studied, although 

mainly focused on optimization and the offshore logistics 

problem description rather than simulation. Halvorsen-Weare 

and Fagerholt (2017), Norlund et al. (2015), Halvorsen-weare 

et al. (2012) and Halvorsen-Weare and Fagerholt (2011) are 

dedicated to optimization strategies and give some interesting 

ideas regarding the assumptions and constraints of optimization 

tools that can be used in simulation models. The papers also 

provide some insights about weather conditions in which some 

studies perform a robust schedule planning for the delivery of 

supplies.  Aas et al. (2009) discusses the role of supply vessels 

in the offshore logistics. It argues that one of the largest cost 

elements in the upstream chain, the PSV, deserve more 

attention in the academic world. Pires and Caprace (2016),  

Arpini (2015), Uglane and Friedberg (2013) and Leite (2012) 

provide relevant information about the deck cargo, the supply 

vessels and the port and offshore operations in Brazil. Hagen 

(2014) and Papa (2013) go even deeper, characterizing not only 

the logistic system detected in Petrobras but also the supply 

order process, which connects the warehouse, the logistics 

manager operation and the platform units. Botter (2002) 

provides some procedures to process and analyze data for the 

use in simulation projects. 

4 DISCRETE EVENT SIMULATION OF 

OFFSHORE SUPPLY OPERATONS 

The offshore supply operations of the Santos Basin are to be 

modeled by using DES methodology. As in most processes, the 

model is marked by continuous changes, making the 

development of the model complex. The model can be 

evaluated by a series of well-defined and ordered events, in 

which variability, constrains and limitations are applied, in 

order to obtain the desirable results. 

According to Altiok and Melamed (2007), most part of modern 

computer simulations are DES. The model in this type of 

simulation is governed by a clock and, as stated by Rossetti 

(2016), observations are gathered at selected points in time 

when changes take place in the system, named events. The 

models are governed by random processed and, as discussed by 

Rossetti (2016), the randomness phenomena may be described 

by probability distributions. Based in historical data, the model 

can be inputted with probability models which will adequately 

reproduce all the modeling scenarios. 

5 MODEL FORMULATION 

5.1 Assumptions and Simplifications 

The model development is intrinsically connected to the 

assumptions and simplifications to be performed to mimic the 

real system in a simulation program. This includes the 

boundaries of the system, that are defined according to the 

delimitation of the problem. The following assumptions and 

simplifications have been set. 

Regarding the offshore units: 

• The offshore platforms considered in the model are only 

of the production type, which stay at the same position 

during the simulation model; 

• Each offshore unit is seen as different in the simulation, 

according to their production capacity, which will 

influence in the supply necessities, using related 

probability distributions, as user’s specification; 

• The offshore units are divided into clusters, a common 

practice by Petrobras (Borges (1998)), and the deliveries 

in a voyage are to be performed by the PSV in the offshore 

units of the same cluster; 

• The clusters are computed according to user’s 

specification and will not change during simulation; 

• The routes are predefined by user’s specification. In case 

a route, in a particular moment, cannot be performed in 

consequence of cargo organization during one of the 

offshore legs, a new route sequence is defined; 

• Regarding the last topic, in case all possible routes were 

tested (respecting the route logic definition implemented) 

and the deck area is insufficient for all, the cargo is 

divided according to necessity; 

• The distances between offshore units are introduced in the 

model by the user; 

• The model accepts the introduction of 10 different 

clusters, in which each cluster may be composed of 15 

offshore units; 

• The units are considered to be open to receive supplies at 

any time of the day, although the model is prepared to 

account for daily windows to perform operations; 
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Regarding the PSV: 

• The PSV in the model have straight routes; 

• The PSV are not assigned to a specific cluster, operating 

according to the queue of cargo requests; 

• There are three main classes of PSV in the model, and 

their characteristics are equal within class; 

• Each class of PSV has their own dimensions, average 

speed and load capacities (deck cargo and water);  

• The number of PSV in the model is variable, according to 

the user’s specification;  

• The model will consider only one class of PSV in the 

simulation, according to user’s specification; 

• The PSV will be carried considering the available area of 

the main deck, which corresponds to 75% of the total area 

(or according to user’s specification); 

• The PSV will consider a 10% margin when leaving the 

port to ensure to carry the backload of the first offshore 

unit visited (or according to user’s specification); 

Regarding the Port Terminal: 

• The model considers one port terminal, able to dispatch 

all cargo with no delay or cargo storage limitation; 

• The port terminal is considered to have unlimited berth 

capacity, or, in other words, there will be no queues of 

assigned PSV waiting to berth in the terminal; 

• The only queue of PSV in the port terminal is of vessels 

waiting for a travel assignment; 

• The PSV routes start and end at the port terminal; 

Regarding the weather conditions: 

• Weather conditions are variable according to the month, 

with appropriate probability distributions; 

• It can affect load/unload operations and the PSV’s speed; 

• Bad weather conditions can increase or interrupt the 

offshore activities, being reinitiated in good weather; 

• Bad weather conditions do not prevent PSV from 

departing the port terminal; 

Regarding the cargo: 

• It will be performed deliveries of deck cargo and 

industrial water (transported in the tanks of the PSV) and 

pick-ups of cargo (backload) in the offshore units; 

• The demand is stochastic, given in square meters of deck 

capacity and cubic meters of water; 

• The cargo may be divided, in case the PSV is not able to 

carry the total order demand; 

• The cargo planning is defined by a weekly demand of 

supplies, and the delivery is attributed to one PSV or 

more, depending on the amount of cargo requested; 

• In case the weekly delivery to a cluster is divided, this 

divided remaining cargo comes back to the requests queue 

with a delay. This delay is taken as the division of the days 

in a week (7) by the number of divisions of the cargo, 

leading the cargo to be preferentially delivered in the 

same week of the request.   

Regarding load/unload of cargo: 

• The time to load/unload the PSV in the port terminal is 

considered, which is dependable of the cargo requests;  

• The productivity of the port cranes will be modeled 

according to user’s specification; 

• The port terminal pumping rate to load water in the vessel 

is computed as equal to the PSV water flow capacity; 

• The time to load/unload the PSV in the offshore unit is 

considered, which is dependable of the cargo requests and 

weather conditions;  

• The productivity of the offshore unit’s cranes is modeled 

according to user’s specification; 

• It will be used only one crane per PSV in the port and in 

the offshore units; 

• There are no time windows to delivery cargo in the 

offshore units, being the only restriction to load/unload at 

sea, the weather conditions; 

5.2 Conceptual Model 

In order to develop the computer program model, a conceptual 

model is performed in the form of conceptual diagrams and 

flow charts, which can only be developed after the good 

understanding of the problem and the system under study. In 

agreeing with Rossetti (2016), a simulation model englobes the 

elements of the system studied, probability and statistics, 

computer programming and engineering design, used to 

investigate a problem by measures of performance.  

The model is divided into some sectors, in which different 

entities circulate the model. The first sector is the INPUT, 

which is responsible to collect relevant data from the data excel 

sheet. The WEATHER is responsible to assign the weather 

conditions (the variation of significant wave height) into the 

system, with an interval of one hour. CLUSTER REQUESTS 

is the section in the model responsible to generate the weekly 

requests for each cluster. The PSV QUEUE + UNLOAD AT 

PORT section creates the vessel entities that will circulate in the 

model, holds the PSV in the queue and performs the last port 

operation of a travel. The LOGISTICS MANAGER + 

SERVICE AT PORT comprehends the work performed by a 

logistics manager, assigning a PSV to deliver a certain cluster 

the cargo requested. The last section is the OFFSHORE UNIT 

SERVICES, which performs the load and unload of deck cargo 

and water at the offshore units. 

5.3 Number of replications of simulation 

As Altiok and Melamed (2007) state, intuitively, the larger is 

the number of replications, the more improved should be the 

accuracy by averaging over all the replication estimates. The 

process to define the number of replications is based in 

procedures observed in thesis such as Neto (2006) and Ribeiro 

(2003), and also mentioned by Pinto (2014). The number of 

replications defined to perform simulations is based in the 

moment it is observed some constancy in the percentage 

differences. The number of replications chosen for the 

simulation model is 20, which is believed to provide 

consistency for the statistical results.  

5.4 Validation of the Model 

The validation of the model is to be performed by the analysis 

of a group of information from Leite (2012). As expected, this 

validation procedure faces a lack of historical data from the 

Brazilian company operator of offshore supply services, which 

constrains the validation comparisons to some parameters. The 

model results were compared to some real data to evaluate the 

model capability of reproducing real-world performance. Table 
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1 presents the data validation adherence for the simulation 

considering a system with 6 and 4 PSV units – PSV 3000 class. 

Table 1 - Data validation adherence – PSV 3000 class. 

Data validation adherence 6 UNITS 3 UNITS 

Cycle time  94% 62% 

Number of offshore units per trip 101% 101% 

Number of visits per trip 77% 77% 

Weekly trips to production units 102% 102% 

Mean transport time between the port 

and the offshore units  
79% 79% 

Request time for offshore units 74% 74% 

Regarding the model credibility, Balci (1998) states that the 

model have to be judged considering its studies objectives. 

Furthermore, it mentions that the adjective ‘sufficient’ is ideal 

to indicate that the validity of the model is in respect with the 

aimmed objectives. In this way, and based in Balci’s argument, 

the model is considered to be sufficiently valid with respect to 

the study objectives.  

5.5 Key Performance Indicators and Cost Figures 

KPI and cost figures are used to evaluate the 

efficiency/inefficiency of the different scenarios. Each scenario 

will have a number of simulations run, in which the only 

difference is the number of vessels of the evaluated PSV class 

– the scenarios are discussed in Section 7.  

• total number of voyages in a year; 

• total voyage time (general and cluster individual values); 

• cycle time of the PSV; 

• request cycle time; 

• cargo waiting times in port and in offshore units; 

• PSV delay and waiting time for better weather conditions 

in offshore units; 

• PSV queue time and number of units in queue; 

• requests queue time and number of requests in queue; 

• not delivered cargo in the 365-days of simulation; 

• weekly trips to production units (general and cluster 

individual values); 

• percentage of times the route was changed; 

• percentage of times cargo requests were divided; 

• total occupation of deck area and water tanks from and 

to port; 

• the sum of the logistics costs (variables and fixed) for the 

transportation of the supplies: 

o fuel costs, based in stand-by, port and travel times; 

o port costs, based in the amount of cargo transported, 

number of travels performed in a year, anchored 

times, berth times at port and gantry crane usage; 

o affreightment annual costs, based in the PSV class 

and number of units; 

• total offshore logistics cost per square meter of deck 

cargo transported (load and backload). 

6 DEFINITION OF LOGISTIC SYSTEM 

Among the information to be used in the simulation model, it 

may be mentioned the uncertainties from port operations, PSV, 

offshore units, cargo supply necessities and weather conditions. 

These data are transformed in distributions, that are used as 

variables inputs in the simulation model. When there is no data 

to corroborate with the case study and define the probability 

distributions, the uncertainties are treated by a subjective 

analysis of the stochastic elements.   

6.1 Fields and Offshore Facilities’ Locations 

The offshore facilities to be used in the model simulation are 

the ones located in Lula, Júpiter, Sapinhoá and Lapa’s fields, 

presented in Figure 1. The first two were selected for this study 

as they are marked by the participation of Petrogal – Galp in the 

oil and gas production. Regarding the other two fields 

(Sapinhoá and Lapa), they were selected as the offshore units 

in these fields are operating with no presence of other platforms 

nearby, stimulating the study of the logistics for these units 

together with the Petrogal – Galp participation units.  

 

Figure 1 - Location of offshore units - Santos Basin. (Petrobras (2018) 

The Júpiter Field, as it is still an exploratory block, has no 

defined number of offshore units nor locations and, therefore, a 

proposal from Caprace (2017) is used for the case study. The 

proposal is composed of 4 floating production storage and 

offloading (FPSO) and 66 production wells. As the objective of 

this project is to evaluate the logistics of the fields previously 

listed, the new installations will be accounted in the simulation, 

making possible the consideration of the best logistics routes 

and production unit’s attendance. Furthermore, two FPSO that 

are nowadays under construction - Petrobras 67 and Petrobras 

69 - will be also included in the model. Their exact real 

locations were not found, although the regions to be installed 

were disclosed: Lula North and Lula South End, respectively. 

The offshore units to be used in this case study are listed in 

Table 2. The units with the asterisk mark were introduced in the 

model, although not installed in the fields yet. 

Table 2 - Offshore units from Santos Basin in the Case Study. 

Offshore Unit 
Field 

Processing 

Oil Capacity 

Name Acronym [bbl/d] 

FPSO Cidade de Angra dos Reis FPCAR Lula 100,000 

FPSO Cidade de Caraguatatuba FPCCG Lapa 100,000 

FPSO Cidade de Ilhabela FPCIB Sapinhoá 150,000 

FPSO Cidade de Itaguaí FPCIG Lula 150,000 

FPSO Cidade de Mangaratiba FPCMB Lula 150,000 

FPSO Cidade de Maricá FPCMC Lula 150,000 

FPSO Cidade de Paraty FPCP Lula 120,000 

FPSO Cidade de São Paulo FPCSP Sapinhoá 120,000 

FPSO Cidade de Saquarema FPCSQ Lula 150,000 

Petrobras 66  P-66 Lula 150,000 

Petrobras 67 * P-67 Lula 150,000 

Petrobras 69 * P-69 Lula 150,000 

FPSO A * FPSO A Júpiter 110,000 

FPSO 1B * FPSO 1B Júpiter 110,000 

FPSO 2B * FPSO 2B Júpiter 110,000 

FPSO C * FPSO C Júpiter 110,000 
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6.2 Clustering Division 

The determination of the clustering of the offshore units is 

performed according to a technique presented in Botter (2002), 

named Clusters Analysis. The clustering will depend on the 

variables used to apply the method which, in this case, are the 

distances between offshore units. Therefore, the application of 

the method searches for the lowest Euclidian distances when 

grouping the closest offshore units. The offshore units in Santos 

Basin are divided into clusters as follow: 

• Cluster Green, composed by FPCAR, P-66 and P-69; 

• Cluster Yellow, composed by FPCCG, FPCIB and FPCSP; 

• Cluster Pink, composed by FPCMB and FPCIG; 

• Cluster Blue, composed by FPCMC and FPCSQ; 

• Cluster Grey, composed by P-67 and FPCP; 

• Cluster Purple, composed by FPSO A and FPSO 1B; 

• Cluster Orange, composed by FPSO 2B and FPSO C. 

6.3 Cargo Supply Data 

The cargo supply data for the Santos Basin, since there is no 

available public information by Petrobras nor the company that 

performs the logistics, is extrapolated from Leite (2012). The 

data to compose the information was collected from the units of 

Campos Basin between April 2001 and March 2012. The 

resultant weekly demands of load, backload and water supplies, 

and their standard deviation, are presented in Table 3. 

Table 3 - Weekly mean demands of load, backload and water cargo for 

the modeled Santos Basin units and their standard deviations. 

Processing Oil  
Capacity 

Load Backload Water Cargo 

μ  σ μ  σ μ  σ 

[bbl/d] [m²] [m²] [m²] [m²] [m³] [m³] 

100,000 122.2 49.6 143.3 102.9 429.0 196.6 

110,000 134.4 54.6 157.6 113.2 471.9 216.2 

120,000 146.6 59.5 171.9 123.4 514.7 235.9 

150,000 183.2 74.4 214.9 154.3 643.4 294.8 

6.4 Port Operations  

Rio de Janeiro’s port is the base for onshore operations in the 

case study. The productivity of the port cranes will be modeled 

as 13 lifts/hour, which is a realistic figure for port operations.  

The deck cargo is discretized during port and offshore 

operations. This discretization may be called size of the lift, 

indicating the area, in square meters, that the crane can move in 

one lift, in average. These figures, presented in Table 4, are 

provided in Leite (2012), according to the data obtained for 

eleven years. The water pumping flow rate in port terminal is 

considered to be the same as the flow rate capacity of the PSV. 

Table 4 - Size of lift and density for load and backload. (Leite (2012)). 

Size of the lift [m²] Density of cargo [ton/m²] 

Load Backload Load Backload 

4.6 4.5 0.67 0.37 

Port Terminal taxes in Rio de Janeiro are given by CDRJ 

(2016). The taxes applicable to offshore services are connected 

to the use of terminal access, installations and equipment.  

6.5 PSV 

The PSV characterization is defined according to the three main 

classes of vessels: PSV 1500, PSV 3000 and PSV 4500. The 

characteristics of the classes were obtained from a data base 

containing a sample of the currently PSV in use in the Brazilian 

coast. The average dimension values and technical features of 

each class are presented in Table 5: 

Table 5 - Average technical features from the three PSV classes. 

PSV Class  

Deck 

Area 
Length 

Water 

Capacity 

Water 

Flow 

Service 

Speed 

[m²] [m] [m³] [m³/h] [knots] 

PSV 1500 350 65.5 700 120 10 

PSV 3000 620 71.7 1,450 180 10 

PSV 4500 885 90 2,100 180 10.8 

Table 6 presents the average diesel consumption according to 

the PSV classes. All PSV classes from the data base have diesel 

electric propulsion systems and use MGO, as they are the most 

common observed type of propulsion in this type of vessel in 

the Brazilian coast.  

Table 6 - Average diesel consumption for the three PSV classes.  

PSV Class  

Power 

Installed 
Fuel consumption 

in travel legs at offshore units in stand-by at port 

(kW) [t/h] [t/h] [t/h] [t/h] 

PSV 1500 4930 0.7 0.77 0.14 0.2 

PSV 3000 4703 0.74 0.81 0.15 0.21 

PSV 4500 6692 1.18 1.29 0.24 0.33 

The fuel consumptions on navigation, at operations in the 

offshore units, in stand-by and at port (see Table 7), are taken 

as a relative percentage use of the total power of the main 

engines, from Oliveira (2015).  

Table 7 - Power demand for different operations. (Oliveira (2015)). 

Operation type Demanded power percentage 

Navigation 75% 

Load/unload at offshore unit 82% 

Stand-by 15% 

Port 21% 

Regarding the affreightment costs for long-term contracts, 

Table 8 presents rate values for the three classes of PSV, 

considering vessels from the data base. The vessels in this table 

are OSRV, which are responsible to act in case of oil splits, 

although they can perform the platform supply services and are 

even classified as PSV according to their commercial operators 

and/or ship owners.  

Table 8 - Affreightment rates in Brazil. (SINAVAL (2017)). 

OSRV / PSV DWT 
Price Time 

[US$/day] [day] 

Saveiros Gaivota 1500 17,100 730 

Saveiros Albratoz 3000 17,100 730 

Asso Ventisette 3000 17,300 1460 

Skandi Yare 3000 16,900 1460 

Bravante VI 4500 16,100 1460 

The affreightment rates used in the case study are the ones 

presented in the table for the PSV 1500 and PSV 4500, while 

the PSV 3000 value is taken as the average value between the 

three figures presented for a DWT of 3000. 

6.6 Weather Conditions 

The data used to obtain the monthly characterization of the 

significant wave height at Santos Basin is from Brazilian 

National Program of Buoys which accounts with 19 fixed buoys 

and 297 drift buoys. The fixed buoy used to obtain weather data 

is located in the latitude -25.70⁰ and longitude -45.14⁰, with 

collected data from March 2011 to April 2017. The data has a 
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time interval of one hour, in which some parcels of time 

presented error in the weather reading.  

At data preparation, outliers that do not represent or belong to 

the real process were excluded. After that, fitting techniques 

were applied in order to obtain the probability functions that 

represent the significant wave height characterization. The 

fitting techniques were performed using one of the tools from 

ARENA, the Input Analyzer. The probability distributions to 

the historical data in Santos Basin are presented in Table 9. 

Table 9 - Monthly characterization of significant wave height.  

Month 

Number 
of data 

inputs 

Lowest 
Value 

[m] 

Largest 
Value 

[m] 

μ 

[m] 

σ 

[m] 

Distribution 

Expression 

Jan 4441 0.65 4.59 1.71 0.56 0.6+logn(1.12,0.62) 

Feb 4067 0.62 4.57 1.6 0.53 0.6+gamm(0.25,3.99) 

Mar 4458 0.74 4.3 1.75 0.58 0.65+erla(0.37,3) 

Apr 4213 0.52 5.54 1.82 0.73 0.5+erla(0.33,4) 

May 4455 0.6 7.35 2.13 0.85 0.5+erla(0.41,4) 

Jun 4433 0.73 8.17 2 0.79 logn(2,0.76) 

Jul 3859 0.59 5.83 2 0.82 0.5+logn(1.52,0.93) 

Aug 3714 0.73 6.29 2.3 0.86 0.45+erla(0.37,5) 

Sept 3593 0.94 6.48 2.21 0.73 0.63+gamm(0.31,5.11) 

Oct 3187 1.05 5.81 2.18 0.66 1.01+gamm(0.37,3.2) 

Nov 3532 0.82 4.98 2 0.56 0.82+4.2*beta(3.1,7.9) 

Dec 4442 0.6 5.29 1.71 0.63 0.2+erla(0.25,6) 

The Input Analyzer tool searches for the best probability 

distribution that minimizes the square error of the fitting. Figure 

2 presents the histogram and the fitting distribution for the 

month of January.  

 

Figure 2 - Histogram and fitting distribution - January. 

6.6.1 Weather Conditions on Offshore Operations 

The case study will consider the proposal from Halvorsen-

Weare and Fagerholt (2017), based in Statoil’s acts when 

weather conditions are unsatisfactory for the offshore unit 

operations at sea, presented in Table 10. 

Table 10 - Weather Condition effect on Service time offshore. 

(Halvorsen-Weare and Fagerholt (2017)). 

𝐻𝑠 [m] Service time increase 

≤ 2.5 0 % 

> 2.5,3.5] 20 % 

> 3.5,4.5] 30 % 

> 4.5 WOW 

6.6.2 Weather Conditions on PSV Speed 

The speed reduction method used to determine the effect of 

weather conditions on the PSV speed is from Aertseen formula 

(see Aertssen (1975)) that follows the equation: 

𝑆𝑝𝑒𝑒𝑑 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = ( 
𝑚

𝐿𝐵𝑃
+ 𝑛 ) .  

𝑉

100%
  ( 1 ) 

In which 𝐿𝐵𝑃  is the length between perpendiculars, 𝑉 is the 

vessel design speed and 𝑚  and 𝑛  are Aertseen coefficients 
taken from Table 11, which presents Aertseen coefficients for 

head sea. 

Table 11 - Aertssen coefficients for head sea. (Molland et al. (2011)). 

Beaufort Number Maximum 𝐻𝑠 [m] 𝑚 𝑛 

5 2.5 900 2 

6 4.0 1,300 6 

7 5.5 2,100 11 

8 7.5 3,600 18 

The speed curves for the three classes of PSV are presented in 

Figure 3. The figure also presents the second order trendline 

equation used in the simulation model. 

 

Figure 3 - Speed curves for the three PSV classes. 

7 DEFINITION OF SCENARIOS FOR 

SUPPLY OPERATIONS 

First, all scenarios consider a time interval of offshore logistics 

operation of one year (365 days), including weekends and 

holidays. The different scenarios of offshore supply operations 

are defined according to the PSV class used in the model. As 

the simulation model accepts only one class of PSV in the 

simulation, the objective of deriving the scenarios is to 

determine the required fleet size to each PSV class to perform 

the services according to the exact same conditions. In this way, 

the supply services will attend the same offshore units, which 

are divided in the same clusters’ composition and the same 

cargo requests’ characteristics. Additionally, port and offshore 

units’ productivities are maintained equal, as well as the 

weather condition distribution behaviours. As result, the 

different scenarios will allow the evaluation of the KPI and the 

cost figures when considering different PSV class fleets. 

All scenarios will start with the clock time at January 1st, 9:00 

AM. As there are 7 clusters in the system, each cluster will 

generate their request at a specific day of the week (Monday, 

Tuesday, Wednesday, …) at 9:00 AM. This is a propitious time 

to receive the cargo requests in the simulation model because, 

after checking the obtained results for the three scenarios, it was 

verified that the begin of loading cargo at the terminal at this 

hour may induce in arrivals at the first offshore unit at morning 

of the next day. In this manner, three different scenarios will be 

under analysis: 

• Scenario 1: the vessels in the model are PSV 1500; 

• Scenario 2: the vessels in the model are PSV 3000; 

• Scenario 3: the vessels in the model are PSV 4500. 
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8 RESULTS FOR SUPPLY OPERATIONS 

PERFORMANCE 

In each scenario it was generated different sub scenarios 

varying the number of PSV, with the first simulation being the 

model system with only 1 unit serving the 16 offshore units (7 

clusters). A unitary increment of PSV number was used, to 

observe the evolution of the KPI and costs in the results.  

The first KPI to be observed during the variation of PSV are the 

number of voyages in a year and the amount/percentage of 

cargo that is not delivered/returned in the interval of the one 

year of simulation. These KPI inform the number of voyages 

demanded to transport the cargo and are related with the lack of 

capacity of the currently number of vessels in the model to 

attend all weekly cargo requests. Based in these KPI, it is 

known the minimum number of PSV to serve the system.  

The next KPI to track are the average number and time of PSV 

and Cargo Request in queues to serve/be attended. There is also 

the cargo delay time at port, that represents the waiting time of 

the remaining cargo divided at port to be transported. These 

indicators provide an idea of the idleness of the fleet, and the 

readiness of the fleet to start the loading of the Cargo Requests. 

After that, it can be analyzed some time related performance 

indicators from the model, such as the cycle time of the PSV, 

which is the time between two arrivals of this PSV in the port, 

the request time, the mean and standard deviation of the weekly 

trips, the total voyage times to each cluster and other relevant 

parameters from the model results. These time related 

indicators are essential to define the schedule for the PSV. 

Another important indicator to track is the deck and tanks 

occupation during the port leg travels, which have maximum 

values of 65% and 75% for the first and last leg travels, 

respectively. Its value is mainly limited by the safety 

recommendations (maximum occupation of 75% of the total 

deck area) and consequently influence in the leg travels 

between offshore units. 

A special attention should be given to the cost related figures 

for all three scenarios. These cost related performance 

indicators are interesting to investigate, as they demonstrate the 

misapplication of capital that may be spent to have more units 

of PSV than necessary, for example. Furthermore, they reveal 

the specific costs most influenced by an idled fleet.  

Finally, all these KPI and cost related figures are used in order 

to evaluate the best homogeneous fleet that may attend the 

offshore units from the case scenarios and define the offshore 

logistics schedule for the fleet.  

8.1 KPI and cost figures from Scenario 3  

The variation of the time related KPI for Scenario 3 are 

presented in  

Figure 4. As can be observed in the following image, the 

minimum required number of PSV to deliver/return the cargo is 

3 units, based in the stabilization of the request time. Having 

this number of vessel units in the fleet, the cargo is delivered 

without having requests in the queue for a long period of time 

to be delivered.  

Besides this result, the consideration of a slack in schedule, 

which is idle time after the end of a voyage and before the start 

of preparation for the next (here called the PSV queue time) 

gives the vessels the possibility of catching up when they are 

delayed. According to Halvorsen-Weare and Fagerholt (2017), 

this slack can be used as a robustness approach. Choosing the 

adequate number of PSV in this scenario is also related to the 

possibility of creation of a schedule, which would be more 

difficult to elaborate with a 3-unit’s fleet. 

Similar values of cycle time and total voyage time for the 3-

unit’s fleet is also observed in  

Figure 4, consequence of the low anchored time. While 

observing the 4-unit’s fleet, the cycle time increases, as the PSV 

waits for a request to be sent, giving the sub scenario the slack 

time to perform a schedule. 

 

Figure 4 - Time related KPI - PSV 4500 class. 

The behaviour of individual costs as function of the number of 

units in the PSV fleet are represented in Figure 5. Notice that in 

this scenario, the fuel costs (related to variable costs) are quite 

significant for a small fleet, giving superior values than the 

affreightment cost (fixed cost) for a 3-unit’s fleet. The motives 

for the disparity in this PSV class costs results are related to 

main engines with a major fuel consumption (tons per hour) and 

a lower affreightment cost per day.  

Figure 5 also presents the total offshore logistics costs as 

function of the number of PSV. Less than 3 units reflects in a 

lower total cost, although this value does not account with the 

costs related to delays and non-deliveries/returns of cargo 

during the simulated year. In this way, if choosing a 2-unit’s 

fleet will be less expensive according to the figure, although the 

cargo requests are not fully delivered/returned (in this case, 

around 31% of the year-requested cargo).  

 

Figure 5 - Affreightment, total port taxes, fuel and total logistics costs.  
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8.2 Comparison between Scenario Results 

The comparison of scenarios is performed to the best results 

observed for each PSV class. The idea is to compare the KPI 

and cost figure results. As the offshore industry is always 

looking for reduction of costs in their services to maximize the 

profits, the most significative results to be observed are the total 

costs and cost per square meter of deck cargo. However, KPI 

information may not be disregarded, as it provides valuable 

characteristics of the fleet, such as the slack time between 

voyages in order to have a more robust schedule.  

With the schedule objective in mind, two sub scenarios were 

not considered as plausible results for their small slack time 

(PSV time in queue). These sub scenarios are Scenario 2 - PSV 

3000 (4-unit’s fleet) and Scenario 3 - PSV 4500 (3-unit’s fleet). 

Although the results show that the offshore logistics attendance 

was adequate using these small fleets, when looking for a robust 

schedule result, these sub scenarios do not provide reasonable 

anchored time results (4.01 and 1.73 hours, respectively) to 

allow possible delays in the voyages. 

In this way, the Scenarios under comparison are Scenario 1 - 

PSV 1500 (6-unit’s fleet), Scenario 2 - PSV 3000 (5-unit’s 

fleet) and Scenario 3 - PSV 4500 (4-unit’s fleet). The cost 

figures for the scenarios are presented in Table 12.  

Table 12 - Cost figures comparison. 

PSV class PSV 1500 PSV 3000  PSV 4500 

Number of PSV [-]  6  5  4  

Fuel Costs (MGO) US$ 21,695,378 16,444,326 20,078,996 

Per ton moved in CDRJ 

installations 
US$ 219,987 220,606 220,873 

Per vessel US$ 674,868 422,583 303,457 

Anchored: (first 10-days)  US$ 340,559 364,948 268,248 

At berth (6 hours or fraction)  US$ 437,861 311,544 298,697 

Per ton or fraction moved in 

OSV  
US$ 153,582 154,015 154,201 

Gantry crane (hour or fraction)  US$ 41,481 29,058 28,268 

Total Port Taxes US$ 1,868,339 1,502,755 1,273,744 

Affreightment Costs US$ 37,449,000 31,207,500 23,506,000 

Total Logistics Costs US$ 61,012,717 49,154,581 44,858,740 

Total cost per m² of deck cargo 
𝑈𝑆$

𝑚2
 211.25 170.19 155.32 

In the port taxes, as Scenario 1 demands a major number of 

units in the model to deliver smaller portions of the divided 

cargo requests, the total port costs are most influenced by the 

individual charging for every vessel’s entrance in the port. The 

larger number of voyage travels (see Table 13) in PSV 1500 

class scenario also leads to a larger consumption of fuel to 

deliver the total annual cargo requested. 

After analysing the cost results for the different scenarios, it is 

detected that for the case study the PSV class from Scenario 3 

brings the best economical results, with considerable 

differences from the other two scenarios. The comparison 

between the KPI for the best results in each scenario are 

presented in Table 13. 

Regarding the weather related KPI, it can be noticed that there 

is an increase in the weather interruptions during operations at 

sea as the PSV class increases. This time related KPI increase 

with PSV class is consequence of the longer stays of the vessels 

for the load and unload operations of cargo in the offshore units. 

The leaving and arriving legs from port also show some 

differences, as each PSV class has its specific speed curve, 

function of the significant wave height. However, Scenarios 1 

and 2 present closer travel results, as consequence of similar 

speed curve characteristics for PSV 1500 and PSV 3000 

classes, while PSV 4500 class has the lowest leg travel times 

(noticed by the differences in the vessel average speed for each 

scenario in Table 13).  

Table 13 - KPI comparison. 

PSV class 
PSV 

1500 

PSV 

3000  

PSV 

4500 

Number of PSV [-] 6  5  4  

Total number of voyages in a year [-] 944.9 591.7 424.9 

PSV queue time (anchored) [hours] 6.17 18.72 22.14 

PSV in queue at port [-] 0.67 1.27 1.08 

Request queue time to be delivered [days] 0.09 0.02 0.03 

Requests in queue to be delivered [-] 0.23 0.04 0.03 

Cargo delay time at port (not first 

weekly requested voyage) 
[days] 2.56 3.03 3.05 

Total voyage time [days] 2.05 2.29 2.50 

Cycle time [days] 2.32 3.09 3.44 

Request time in offshore units [days] 2.58 3.93 4.87 

Leaving port travel leg time [days] 0.70 0.70 0.64 

Arriving port travel leg time [days] 0.73 0.72 0.66 

PSV delay time - weather conditions [days] 0.012 0.019 0.027 

Mean Weekly trips to clusters (μ) [-] 2.59 1.62 1.16 

Weekly trips to clusters (σ) [-] 0.65 0.49 0.37 

Percentage of times - route changed [%] 1.6% 1.1% 0.9% 

Percentage of requests divided [%] 99.8% 76.6% 28.3% 

Initial occupation of deck area [m²] 140 223 312 

Percentage: initial occupation of deck [%] 40% 36% 35% 

Final occupation of deck area m²] 165 264 367 

Percentage: final occupation of deck [%] 47% 42% 41% 

Initial occupation of water tanks [m²] 163 540 1090 

Percentage: initial occupation of 
water tanks 

[%] 23% 37% 52% 

Vessel average speed [knots] 9.11 9.17 10.06 

Average Significant Wave Height [m] 1.90 1.90 1.89 

In the time related KPI, it is observed an increase in the total 

voyage time, request times and cycle time with the increase in 

the PSV class. That may be explained by the longer stays at port 

and offshore units to load and unload larger amounts of cargo. 

This increase in the total voyage time is observed regardless of 

the leg’s departure and arrival at port lowest time durations for 

larger vessels (PSV 4500 class).  

From Table 13 it is observed that as the classes of PSV 

increases, it is recognized an expected reduction in the number 

of requests divided, consequently reducing the number of 

voyages and the weekly trips to clusters. There is also a 

reduction in the change in routes as the PSV class increases.  

Regarding the occupation of the deck and tanks for the leg’s 

departure and arrival at port, it is noticed that the usage rate of 

the deck space decreases with the increase of the PSV class, 

while the water tank’s usage rate presents an opposite 

behaviour. Besides the decrease in the usage rates for the deck 

space, the actual cargo amount carried increases with the 

increase of PSV class.  

From the KPI and cost figures, it is considered that Scenario 3 

– PSV 4500 (4-unit’s fleet) present the most preferred 

economical and operational results for the offshore logistics 

operation for the Santos Basin case study. 

8.2.1 Proposed Schedule for Scenario 3 – PSV 4500 

The schedule composition for Scenario 3 – PSV 4500 (4-unit’s 

fleet) considers the average total voyage times and number of 

weekly visits (consequence of the number of divisions of the 

cargo request) for each individual cluster.  

It is observed that Cluster Green and Yellow requires more 

visits in a week than the other remaining five clusters. All 
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loading procedures, according the schedule, will start at 9:00 

AM, allowing the vessel to travel during night. In this way, the 

operations at the first offshore unit visited will generally start at 

the next morning. The schedule proposed for Scenario 3 – PSV 

4500 (4-unit’s fleet) is presented in Figure 6: 

 
 

Figure 6 - Proposed weekly schedule for Scenario 3 - PSV 4500 (4-unit’s fleet). 

 

9 CONCLUSIONS  

This study is focused in the simulation of logistic services to 

offshore production sites by using a stochastic approach. A 

simulation model has been created by using a DES methodology 

to evaluate the offshore logistics activities in Santos Basin, 

located in the Brazilian coast. The model is prepared to simulate 

systems composed of up to 150 offshore units (maximum 

number of 10 clusters, 15 units per cluster), in which the user is 

allowed to manipulate the PSV class specifications (cargo 

capacities, water pumping flow), PSV class type and number of 

vessels, port and offshore unit crane productivities (lifts per 

hour), size of load and backload lifts and the weather limits for 

the offshore operations (providing delays and interruptions). 

The case study is represented by a system composed of the 

currently operating production units in Santos Basin, two under 

construction production units for Lula’s Field (P-67 and P-69) 

and four under studies units with hypothetical coordinates 

designated for Júpiter’s Field.  

Three scenarios were defined, in order to observe the 

performance characteristics of the three classes of PSV. The 

evaluation of the scenarios’ behaviors was performed by the 

investigation of the KPI and cost figures, essential to 

comprehend the logistics responses according to the number of 

vessels in the simulation model. Comparing the sub scenarios 

for the three classes of PSV, the best sub scenario result was 

defined (Scenario 3 – PSV 4500, 4-unit’s fleet). This fleet 

composition returned the lowest cost figures (considering the 

required slack time for a more robust schedule resolution).  

It should be emphasized that, despite the results found in the 

simulation model, the references (see Bordalo and Dores 

(2014)) that describes the Brazilian offshore logistics services 

illustrate a different ratio of supply vessels per offshore units 

found in this thesis. While the reference provides ratios of two 

to four OSV per unit, this study gives as result one vessel for 

each 4 units. Notwithstanding this discrepancy, it must be 

remembered that in this thesis it is studied only the 

transportation of deck cargo and water, not including in the 

logistics’ services the delivery or collect of diesel, dry bulk 

cargo, fluids, cements and other cargoes.  

10 FUTURE RECOMMENDATIONS 

Firstly, the use of an optimization tool working with the DES 

would improve the utilization of the model results. Results from 

optimization tools such as to define the system initial 

characteristics – the offshore units division into clusters, the 

type and number of vessels in the model and the optimized 

routes – would be then tested in the simulation model.  

The consideration of a heterogeneous fleet would also require 

the use of optimization tool along with the simulation since DES 

does not deal well with this problem resolution by itself. 

Emulation of closer to real models would require the 

consideration of more known variables and processes in the 

offshore logistics services, such as pilotage waiting time, time 

to berth and unberth the vessel at port, approximation time when 

arriving at offshore units, time in stand by for further 

instructions and move to a safe distance in case of bad weather, 

pre-entry checks and set-up procedures. The difficulty to obtain 

such information did not support in the construction of a more 

developed and closer to real simulation. 

Regarding the validation, the ideal solution would include real 

data of a known set of offshore units, their real locations and the 

real cargo demand of each unit. In this way, it would be known 

the real capacities of the simulation model.  

From the work developed, it can be concluded the great 

possibilities provided by DES, seen as a reliable tool to 

investigate logistics activities such as the ones performed in the 

offshore area. However, a careful usage must be considered, as 

the results from the simulation model are preliminary.  
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