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ABSTRACT: Recently power generation from natural gas has been improved making possible the combined 

production (oil and electricity) in offshore oil fields, raising the question on how to evaluate the production 

availability of such systems. This paper aims at assessing the production availability of an offshore Gas-to-

Wire concept that exports oil and electricity produced from gas. The Gas-to-Wire production concept that uses 

the Allam Cycle process for electric power generation is described and its main components are characterized. 

Then, Generalized Stochastic Petri Nets coupled with the Monte Carlo simulation are adopted to evaluate the 

production availability of the offshore Gas-to-Wire production concept. The important parameters that affect 

the performance of the system are identified using a sensibility analysis and a parametric study is conducted 

to characterize their influence on the availability and production of the system. 

Keywords: Offshore oil and gas production; Gas-to-Wire concept; Petri Nets; Monte Carlo simulation; Production 

availability. 

 

1 INTRODUCTION 

In offshore oil and gas production systems, 

production availability evaluation is a key element 

to ensure performance and optimize outputs. 

Brissaud et al. (2012) discussed the concepts of 

production availability of oil and gas systems and 

presented a procedure to perform production 

availability analysis consisting of: objectives and 

preparation, study basis, model development, and 

production availability analyses. 

Traditional system availability methods have been 

developed to deal with systems that can be 

rationally represented by logical/functional 

structures of components. In this representation, the 

failures of the components are seen with respect to 

their consequences on the system’s function. 

However, real world systems have complex 

interactions and dependencies between their 

components making difficulty to represent, model 

and quantify the effects of components failures on 

the system availability. To deal with these systems 

dynamic models are needed. 

Dynamic models that are able to treat time-

dependent problems comprise Markov models and 

simulation methods (e.g. Petri Nets with Monte 

Carlo Simulation) (Deoss and Siu 1989). According 

to Santos et al. (2018), Markov models have two 

main limitations: first the number of states increases 

quickly with complexity and system size leading to 

state-explosion, second it cannot model events that 

are not deterministic delays neither exponentially 

distributed. On the other hand, Petri net modelling 

combined with Monte Carlo Simulation (MCS) can 

deal with larger and more complex systems and it 

allows modelling non-exponential events. 

The Monte Carlo Simulation is a method of 

uncertainty propagation and probability evaluation 

that consists of simulating a number of variables and 

running a model in order to determine different 

outcomes. MCS was used by Zio et al. (2006) to 

evaluate the availability of multi-state and multi-

output offshore plant under realistic operation and 

maintenance conditions. Borgonovo et al. (2000) 

applied MCS to perform an availability assessment 

of a complex system subjected to periodic 

maintenance and within the economic constraint of 

limited resources. 

Petri Nets (PN) were first introduced by Carl Adam 

Petri (Petri 1962) in which the problem of 

representing co-operating, concurrent, or competing 

processes by a graphical modelling formalism was 

discussed. Since its creation, Petri Nets have been 

developed to meet requirements of several industrial 

fields (Dutuit et al. (1997)). Petri Nets embedded 

with Monte Carlo simulation were applied to 
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compute availability of offshore production systems 

by Briš and Kochaníčková (2006). Also, Santos et 

al. (2012) used Generalized Stochastic Petri Nets 

(GSPN) for assessing regularity of system’s 

production, quantified by its throughput capacity 

distribution of real systems. Petri Nets coupled with 

Monte Carlo Simulation is also used in operation 

and maintenance activities by Santos et al. (2013) to 

assess the offshore wind turbine performance. To 

perform an availability assessment of an electric 

power generation system that utilizes Allam Cycle 

process, Bhardwaj et al. (2018) also used PN 

embedded with MCS. 

The objective of this study is to evaluate the 

production availability of a Gas-to-Wire (GTW) 

offshore oil and gas production concept, which 

generates electricity through an Allam Cycle 

process. A simplified Petri Net model for the critical 

components of the GTW concept is developed 

considering the operational dependencies that lead 

to production reconfigurations after failures and 

corrective maintenance (CM) policies of the system. 

2 GAS-TO-WIRE CONCEPT 

When fields have a high level of gas, particularly 

with a high content of CO2, one alternative concept 

for field development that might be applied is the 

Gas-to-Wire. GTW is an example of a formerly 

land-borne type of facility moving to offshore sites. 

GTW means onsite electric power generation by 

produced reservoir gas, electric power can be an 

intermediate product or an end product that is 

distributed into a large utility power grid by high-

voltage alternating current transmission lines. In 

this concept, power plants installed at Stationary 

Production Units (SPUs) are linked via transmission 

lines to platform clusters and/or shore, allowing bi-

directional energy transfer via sea cable and de-

bottlenecking the energy balance of onshore grids 

(Siemens 2008). This concept also permits the 

production of oil which can be exported either by 

pipelines or tankers. 

Offshore electric power transmission is made by 

marine or subsea cabling. The transmission of 

limited power capacity over limited distances may 

use an alternating current (AC) cable system; 

however, AC cabling has limitations. Moderate to 

long-distance marine transmission systems use 

high-voltage direct current systems to manage the 

technical and cost issues (Watanabe et al. 2006). 

GTW concept has benefits like: the ability to exploit 

stranded gas reserves, flaring reduction and 

eliminates the need to transport CO2 from the point 

of capture to the storage location. Also, Allam Cycle 

process can make it feasible since it uses natural gas 

as fuel creating an alternative for offshore power 

generation with high-efficiency.  

2.1 Allam Cycle process 

The Allam Cycle uses a highly recuperative, 

oxyfuel, high-pressure, supercritical CO2 cycle that 

makes carbon capture part of the core power 

generation process. The result is high-efficiency 

power generation that fundamentally produces a 

pipeline-quality CO2 by-product at low cost to the 

system’s performance. The cycle exploits the 

special thermodynamic properties of carbon dioxide 

as a working fluid by eliminating the energy losses 

that steam-based cycles have due to the heat of 

vaporization and condensation. Also, it has low 

projected capital and operation and maintenance 

costs, which are the result of utilizing only a single 

turbine, having a smaller plant, and requiring fewer, 

smaller components than comparable fossil-fuel 

systems (Allam et al. 2013). 

2.2 Allam Cycle to natural gas fuel 

The basic schematic employing natural gas as fuel 

for electric power generation is shown in Figure 1. 

The cycle starts at a single turbine which a 

pressurized gaseous fuel (14) is combusted in the 

presence of gases: first a hot oxidant flow 

containing a mixture of CO2 and pure oxygen (13), 

which is provided by an Air Separation Unit (ASU), 

second a hot CO2 diluent recycle stream (9) under 

lean combustion conditions. The exhaust flow 

exiting the combustor (1) is expanded generating 

power. Following the turbine, the exhaust flow 

enters a recuperating heat exchanger which transfers 

heat from the hot exhaust flow to the above-

mentioned high-pressure CO2 recycle stream (9). 

Exiting the primary heat exchanger (2), the turbine 

exhaust flow is cooled to near ambient temperature 

and combustion derived water is separated (3). The 

predominantly CO2 fluid stream is then 

recompressed (4), cooled (7), and pumped to re-

enters the cold end of the recuperative heat 

exchanger. At a point before entering the recycle 
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pump, a portion of the recycle CO2 (10) is mixed 

with oxygen (11) to form an oxidant mix stream 

(12) which is fed separately to the heat exchanger 

and turbine. Within the main process heat 

exchanger, the recycle flow reheats using the hot 

turbine exhaust before returning to the combustor. 

Lastly, to maintain mass balance within the semi-

closed cycle, a portion of the high purity CO2 
process gas is exported (6) This net export is 

approximately 5% of the total recycle flow, 

meaning the majority of the process inventory is 

recirculated. The result is a power cycle capable of 

reaching 59% lower heating value efficiency, which 

is comparable to the best-in-class Natural Gas 

Combined Cycle power plants (Allam et al. 2017) . 

Finally, the Allam Cycle process might be applied 

as alternative for fields which have a high CO2 

concentration supporting GTW concept for the 

following reasons: 

 due to its high efficiency, it has the potential to 

produce electricity at low cost substituting the 

produced gas exportation by an electricity 

exportation for commercial purposes; 

 reduce the weight and occupied area at the 

topsides of floating production units; 

 an additional advantage in the gas production is 

the potential for sequestration of CO2 under 

reinjection conditions, at no additional cost with 

membrane removal units and as an alternative of 

water injection. 

3 PRODUCTION AVAILABILITY 

ASSESSMENT 

Extensive production experience is not available to 

forecast availability for new systems or to evaluate 

the impact of an addition of new components, so 

other methods are needed (Granhaug and Norge 

1986).  

A commonly adopted assumption underlying 

availability assessment methods is that systems are 

assumed to have binary components (entities can be 

in two states: functioning or faulty). However, there 

are many systems whose overall performance can 

settle on different levels (e.g. 100%, 75%, 50% of 

the nominal capacity), according to operative 

conditions. Moreover, in real cases when one 

component of the system is reconfigured, some of 

its others components are changed to new operative 

states in which they may experience stress and 

ageing processes which has effect in the overall 

availability of the system. Such physical 

dependencies among the system state and the 

operation of its components are quite difficult to 

represent by analytical modelling due to the 

complexity involved. Either way, their modelling 

has become fundamental in the computation of the 

realistic production availability of systems, such as 

the oil and gas production plants and others (Zio 

2009). 

 
Figure 1 -Process schematic of a simplified commercial scale natural gas Allam Cycle (Allam et al. 2017). 
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When creating a model for availability assessment, 

it is necessary to define the scope of the study. First 

by defining the production availability for a single 

product, which has to be clearly defined with 

specifications. Then, set up all the data and 

assumptions that are required for modelling the 

system and analysing its production availability. 

Then the system description is defined in terms of: 

units included in the scope, the system’s design rate, 

system’s design life, operating phases (e.g. start-up, 

normal operation, production plateau period, 

operation with partial loads, operation with new 

facilities). Next, a detailed description of each unit 

included in the scope is provided. When relevant, a 

unit can be divided in series/parallel branches. 

These descriptions shall also explain failure mode 

and effect analysis designed for production systems, 

that cover all the equipment items. Finally, the 

system description has to specify the general 

operational conditions. These features include 

especially possible ramp-up (from the production 

starting point until reaching its design rate), 

turndowns, general shutdowns (turnarounds, 

modifications) (Brissaud et al. 2012). 

3.1 Petri Nets 

A Petri nets are specific types of modelling 

structures which are useful in data analysis, 

simulations, business process modelling, analysis 

techniques, graphical representations and other 

scenarios. This type of mathematical construct helps 

to plan workflows or present data on complex 

systems. Furthermore, the ease of conceptual 

modelling makes Petri Nets the model choice in 

many applications, including for reliability, 

availability, and productive efficiency assessment 

of complex industrial systems, as reviewed by  

Santos et al. (2018)  

The basic elements consist of tokens, places, 

transitions and arcs showed in Figure 2. Places and 

transitions are linked by arcs. The places from 

which an arc runs to a transition are named the input 

places of the transition; the places to which arcs run 

from a transition are called the output places of the 

transition. Places may contain a discrete number of 

tokens that are used as marks. A transition of a Petri 

Nets may be fired if it is enabled, which means it 

has sufficient tokens in all of its input places. When 

a transition fires, it destroys the required input 

tokens and creates tokens in its output places. 

In production systems, places are used to model the 

state of the components and resources that they 

contain. Transitions are used to model events that 

are responsible for change the state of the 

components or manipulate the resources of the 

system according to the arcs. 

 

Figure 2 - Petri Net basics 

4 CASE STUDY DESCRIPTION 

The case studied is based on the GTW production 

concept, which uses electric power generation 

through an Allam Cycle. The main goal of the case 

study is to compute the average availability and 

production levels for a general production facility 

that has multi production outputs: oil, water and 

electric power as it is presented in Figure 3.  

The facility has a design life of 20 years, which each 

year has 365 working days and 24 hours of working, 

which is 175,200 hours of simulation time. Also, 

wells are assumed to have a constant fluid 

production over the design life of the facility.  

The facility is designed to extract the flow from well 

and divide it into three different flows: gas, oil and 

water. The mixture coming from the well first goes 

through a 3-phase separator unit and leaves it into 

three different streams. The water stream is fully 

handled by the water treatment unit and water pump 

and it is re-injected into the reservoir. The oil stream 

is fully processed by the oil treatment unit and 

pumped through exportation by the oil pump. The 

gas stream is compressed, then processed by the 

dehydrate unit and sent to be burned in order to 

produce electric power either by the Allam Cycle 

process or by the standby gas turbine, depending on 

the state of the system. Part of the CO2 produced in 

the process is injected in the reservoir maintaining 

the process with zero CO2 atmosphere emission and 

to maintain reservoirs’ pressure. 

In this case study, not all components shown in 

Figure 3 are subjected to failure. For simplicity, it is 

assumed that only CO2 compressor, gas turbine, 

Allam Cycle turbine, gas compressors and 
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recuperator can fail. Finally, the maximum output 

of the system is 300MW of electric power, 23300 

m3/d of oil and 7000m3/d of water. Where GC1 and 

GC2 stand for gas compressors 1 and 2, SGT is 

standby gas turbine, ALT is the turbine used in the 

Allam Cycle, CO2C is the CO2 compressor and 

RHE is the recuperator. The failure rate and repair 

rate are considered exponentially distributed with 

values showed in Table 1. Both gas compressors are 

assumed to have the same failure and repair rate. 

Table 1 - Failure and Repair rates of the components 

Component 
Failure rate 

(h-1) 

Repair 

rate(h-1) 

Allam Cycle Turbine 9 10-4 0.0262 

Standby Gas Turbine 7.7 10-4 0.038 

Heat Exchanger 5.44 10-4 0.27 

CO2 Compressor 4.75 10-4 0.067 

Gas Compressors 7.4 10-4 0.048 

Since the technology of some equipment is new, 

actual failure rates for the components are difficult 

to set. For the sake of computation, heat exchanger 

and CO2 compressor are assumed to have the failure 

and repair rate from Bhardwaj et al. (2018). The 

values for maximum production and statistical 

description of the other components are based on 

Briš (2013). Finally, a failure rate for the Allam 

Cycle turbine is taken from similar turbines from 

OREDA (DNV 2002) which a reasonable value 

based on all failure modes, rate of occurrence and 

critical failures is assumed. 

4.1 Production configuration 

In order to minimize the impact of a component 

failure in the system, the system is reconfigured first 

to minimize the impact in the electric power 

production and then the impact on export of oil 

production. Impact on water injection is supposed to 

not influence the system’s reconfigurations. 

Different component failures have different effects 

on the system production. 

Gas Compressor failure: the two GC’s are in 

parallel and one failure is assumed to not affect the 

other. When one GC fails, the system is reduced to 

50% of its full capacity which means that electric 

power production, oil production and water 

production will have 50% of its full capacity. When 

both GC’s fail, the production is shutdown. 

Allam Cycle Turbine failure: when it fails, the 

SGT starts and takes all production of electric 

power. Therefore, since the capacities of the two 

power generation turbines are distinct, it is assumed 

that the gas needed for the SGT is 80% of the full 

capacity of system’s gas production. This 

reconfiguration also decreases the production of oil 

and water to 80% of its full capacity. 

Recuperator failure: when the RHE fails, it is 

assumed that the Allam Cycle process can still 

works but with its performance reduced. The 

production of electric power is reduced to 30% of 

full capacity and any excess of gas is flared. Water 

and oil production decrease to 70% of full capacity. 

If a GC fails while the RHE have failed, the Allam 

Cycle process is shut down and the SGT is 

responsible for all the electric power generation of 

the system.  

Standby Gas Turbine failure: When the standby 

gas turbine fails the production of electric power, oil 

and water is shutdown. 

 
Figure 3 - Plant of the GTW Production System. 
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CO2 Compressor failure: when it fails, the Allam 

Cycle electric power production is shut down and 

the system assumes the same configuration as the 

ALT failure. 

Basically, when the Allam Cycle turbine and the 

CO2 compressor fail, the Allam Cycle production 

system is shutdown. Also, it is assumed that the 

Allam Cycle turbine and the standby gas turbine 

never work at the same time. Whenever the ALT or 

CO2C is brought back to as good as new condition, 

the SGT is shut down and the ALT assumes the 

electric power generation of the plant. A flare is 

used for safety purpose flaring gas when excess of 

gas production is experienced. 

4.2 Corrective maintenance 

In this case study, only corrective maintenance is 

investigated and scenarios with one and two 

maintenance teams available to perform repairs on 

the system’s components are studied. The 

components that are subjected to failure have two 

different states which are: “as good as new” and 

failed. It is assumed that when a component is at “as 

good as new” it is working and it works at its full 

capacity. A component is in the “failed” state when 

a critical failure has occurred.  The assumptions for 

the CM are: 

 all components subjected to failure are 

considered to be repairable; 

 only one component at a time can be repaired;  

 in a state which more components are failed at 

the same time, the maintenance team starts to 

repair the component that has a higher LP. 

 once a repair is started, the component is brought 

to “as good as new” state even if another 

component with higher repair priority fails 

during the maintenance; 

The levels of priority (LP) are defined to maintain 

the electric power production in its highest level and 

then the oil production. The priorities for the CM 

are defined in scale from 1 (highest priority) to 4 

(lowest priority). Table 2 shows the priority adopted 

for each component; components that have the same 

impact on the overall production have the same 

maintenance priority  

Table 2 - Maintenance Policy 

Component LP 

ALT and CO2C 1 

GC1 and GC2 2 

SGT 3 

RHE 4 

 

4.3 Production levels 

To analyse the effect of component availability on 

the production capacity of the plant, it is required to 

consider the production at different levels. The 

production levels are distributed depending on the 

production output for a given state (i.e. combination 

of each component stated of each component 

subjected to failure). From a physical analysis of the 

system, for all possible combination of the 

individual product, production 6 different levels of 

production are identified. All levels of production 

are presented in Table 3 in terms of percentage of 

the full production where the logical notation of ¬ 

means “not failed”, ∨ means “or” and ∧ means 

“and”. 

Table 3 – Production Levels of the GTW concept 

Production Level Failure Power Oil Water 

0 ¬GC1∧¬GC2∧¬ALT∧¬CO2C∧¬RHE 100% 100% 100% 

1 (GC1∨GC2)∧¬ ALT∧¬CO2C∧¬RHE 50% 50% 50% 

2 ¬GC1∧¬GC2∧(ALT∨CO2C) ∧¬SGT 40% 80% 80% 

3 

{[(ALT∨CO2C)∧GC1]∨ 

[(ALT∨CO2C)∧GC2]∨ 

[RHE∧(GC1∨GC2)]}¬SGT 

20% 40% 40% 

4 ¬GC1∧¬GC2∧¬ALT∧¬CO2C∧RHE 30% 70% 70% 

5 

(GC1∧GC2)∨ 

[(ALT∨CO2C)∧SGT)∨ 

[RHE∧SGT∧(GC1∨GC2)]} 

0 0 0 
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It is assumed a 40% value on electric power 

production of the standby gas turbine on production 

level 2 since the standby gas turbine is running with 

two gas compressors (i.e. full capacity of gas 

production) and 40% is a fraction of the full electric 

power production of the Allam Cycle electric power 

generation (i.e. 120MW of the standby gas turbine 

divided by 300MW of the Allam Cycle production). 

This value decreases to 20% when one gas 

compressor fails. 

4.4 Petri net model 

Offshore equipment are complex to represent, so 

modelling simplifications are needed. Since 

components are assumed to have 2 states, it is 

possible to represent all states for each equipment in 

a closed loop to characterize its behaviour. In the PN 

environment, this representation is performed by 

assigning each component with its respective failure 

rate and repair rate. Assignment of those parameters 

are made into Petri Nets’ transitions and states of 

components are represented by Petri Nets’ place. 

Figure 4 shows the model of one component (in this 

case the Recuperator) and the model of the CM 

team. The token at place 29 represents the working 

condition for the component, when an 

“RHE_Failure” transition is fired, token is 

destroyed and created at place 30, which represents 

the state of failure.  

Then the component waits for the CM team, which 

is mobilized by “Travel to Facility1” transition 

when the failure occurs, to arrive at place 5 (i.e. 

have a token at place 5) for the repair to start. When 

it starts, the token is removed from place 30 and 

created in place 31, meaning that the component is 

under maintenance and when the transition 

“RHE_FinishRepair” is fired, the component 

comes back to the “as good as new condition” with 

a token at place 29. The CM team then is moved to 

place 37 when the “Back to Onshore Transition” is 

fired. The conditions and assignments of each 

component were omitted in Figure 4 for better 

visualisation. 

To create the model of each production level stated 

in Table 3, a PN model is created. Places are used to 

represent the production level and transitions with 

guards (i.e. fire conditions) that are used to enable 

system’s change from one production level to 

another based on the current components state. 

Once a component fails, production level changes 

from one level to another based on logical 

conditions. As a production level changes, it assigns 

the values of the electric power, oil and water 

production of the current production level to the 

variables that account for the production output. 

 
Figure 4 - Component and CM PN model. 

4.5 Simulation Cases 

Two different maintenance strategies are presented 

to investigate how the system behaves for each of 

them: 

Strategy 1: the team(s) is available onshore, ready 

to work at initial time and it takes 24 hours from 

preparation for maintenance, travel to the facility 

until the start of the maintenance. If another failure 

occurs between the mobilization time and repair 

time, the team has to go back onshore to prepare 

itself for the next work and then go back to the 

offshore facility. The team takes 12 hours to return 

to the onshore base. 

Strategy 2: one team is available onshore, when a 

failure occurs, a total time of 1 week (168 hours) is 

needed for the repair part to arrive at the onshore 

base until the CM team travel to the facility and start 

the work. If another failure occurs while the team is 

traveling or busy repairing a component, the team 

has to go back onshore and wait one week to start 

the maintenance. Once the team finishes the 

repairing, it takes 12 hours to return onshore. 

Those are different cases but it is important to 

investigate them to understand the variability of the 

system from an “optimistic” to a worst-case 
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maintenance strategy scenario. Finally, the cases 

investigated are shown in Table 4. 

Table 4 – Simulated Case Scenarios 
Case Maintenance Strategy Number of CM Teams 

A Strategy 1 
1 

B Strategy 2 

C Strategy 1 
2 

D Strategy 2 

5 NUMERICAL RESULTS 

To perform the availability analysis of the GTW 

production system, GRIF analysis software is used 

(GRIF 2015). GRIF uses MOCA-RP computation 

engine based on MCS to execute the simulations of 

PN model. 

The system is at full capacity initially when the 

simulation starts. All components are working 

except the SGT, which is at standby condition, and 

the CM teams are ready to work onshore. The 

simulated time of the PN model is defined by 

iterations from instant 0 to instant 175200 hours 

with a step of 200 hours. 

To determine the optimum number of simulation 

histories in MCS, an acceptable error of 1% on the 

average output calculated based on the 90% 

confidence interval (CI) is assumed as criterion. 

Then, using the same model for all simulations, 

different number of histories are simulated. The 

variables set as reference for the error evaluation 

were the six levels of production (from level 0 to 

level 5). So, when all variables have an error less 

than 1%, the optimum number of simulation 

histories is achieved. Figure 5 shows the error for 

the different number of histories simulated. The 

acceptable error is meet for 1500 histories, which is 

used for all simulations. 

 
Figure 5 – Error (%) on the average production as 

function of the number of histories.  

5.1 Average availability results 

The average availability results of all cases for the 

electric power production are presented in Figure 6. 

The improvement of an addition of a second 

maintenance team is larger for the Strategy 2, in 

which a 11% increase in the system’s performance 

is obtained. Meanwhile, for the Strategy 1 only 1% 

of improvement is achieved, which indicates less 

effect of adding a second team. 

 
Figure 6 - Average Electric Power Production 

Availability 

Analysing the production level of the same strategy 

for one and two CM teams, Figure 7 shows the 

comparison for Case A and C for the electric power 

production. It is observed that for full production 

level (i.e. production level 0) a 1.7% increase is 

obtained when adding a second CM team. 

Meanwhile, a reduction of 49% in the no production 

state (i.e. production level 5) is achieved from Case 

A to C. 

 
Figure 7 – Comparison Production Level  

(Case A, Case C) 
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Figure 8 shows a comparison of the production 

levels of the electric power output for the Strategy 2 

when adding a second CM team. It is observed a 

28% increase in full production and a 68% reduction 

in no production. This indicates that the system has 

a higher probability to deliver a higher output with 

2 CM teams than with 1 CM team. 

 
Figure 8 - Comparison Production Level  

(Case B, Case D) 

5.2 Sensitivity analysis 

To identify the factors that most influence the 

availability of the system, a sensitivity analysis is 

performed for the Cases C and D (in which 2 CM 

teams are available) for the electric power 

production.  

To perform the sensitivity analysis, the elasticity 

measure is used to evaluate the impact of an input 

parameter change over the production output of the 

system. Elasticity is a dimensionless measure of 

sensitivity, defined as the percentage change of an 

output divided by the percent change of input. 

The input values are the model parameters used over 

the entire case study, which include MTTF and 

MTTR of all components of the system and the 

delay applied on the voyage time of the CM team.  

A 10% increase in each parameter is considered to 

perform the sensitivity analysis of the system 

parameters. The simulations for the sensitivity 

analysis are performed under the conditions of the 

scenarios previously defined (i.e. simulation time, 

number of histories and simulation step). 

Furthermore, it is not considered dependency 

between the input parameters since the inputs are 

analysed individually. 

Figure 9 presents the results of sensitivity analysis 

for the Case D. The most influencing parameter is 

the Voyage Offshore, since in this scenario there is 

an associated waiting time for repair parts and the 

delay for the CM to start work is high (168h).  A 

10% increase in the overall delay to start the 

maintenance showed to have a negative influence 

on the output, which was expected. 

The MTTR parameters of the components have a 

negative or almost none influence on the 

production. On the other hand, the MTTF 

parameters influence positively the electric power 

production. The largest one was the MTTF GC, 

since both GC are in parallel configuration an 

increase of the MTTF under the conditions stated is 

expected to have a positive effect and it is the largest 

one. 

 
Figure 9 - Sensitivity analysis of electric power 

production output (Case D). 

The Case C results of the sensitivity analysis for 

electric power output is presented in Figure 10. 

From the results, the Voyage Offshore is the 

parameter that most negatively influences the 

production. Analysing the influence of the MTTR 

of the components, it is found a negative influence 

in the output. Meanwhile, MTTF appears to have 

smaller positive influence in Case C than in Case D, 

with the MTTF ALT having the largest influence, 

differently from what was observed in Case D. 
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Figure 10 - Sensitivity analysis of electric power 

production output (Case C). 

Comparing both cases, the sensitivity analysis 

shows that the elasticities of the parameters are 

larger in Case D than in Case C by, especially for 

the MTTF GC and Voyage Offshore parameters.  

This indicates that the Strategy 2 adopted is more 

“sensitive” to system’s parameters variations due 

the delay considered to start a CM on a failed 

component. 

5.3 Parametric study 

The parametric study is carried out for the Case D. 

The parameters selected for analysis are: the Voyage 

Offshore that presented the most negative influence 

from the sensibility analysis, the MTTR GC that 

showed the second most negative influence from the 

sensibility analysis for the electric power production 

and the MTTF GC that presented a positive 

influence in all cases studied. 

The study is carried out by varying the parameters 

in a range from -30% to +30% of their initial values 

in steps of 10%. The variation is applied to one 

parameter and the others are kept fixed. In the case 

of MTTR GC and MTTF GC the variation is applied 

for both gas compressors at the same time.  

The results are presented for the electric power 

production in percentages of the full production and 

in terms of the absolute production output. 

For the electric power production output, the 

parametric study results are presented in Figure 11. 

The results show that the Voyage Offshore 

parameter has the highest effect with 10.8% 

difference on the electric power output from a -30% 

to 30% parameter variation, which corresponds to 

32.1 MW in absolute values, and with a linear 

variation for the range studied. 

The MTTF GC leads to 6.3% difference for the 

parameter range investigated, which is almost 

19MW, and influences positively the system’s 

performance. Lastly, the results for the MTTR GC 

parameter show a small effect on the system with a 

0.7% difference on the range of the parametric 

study. 

 
Figure 11 - Parametric study results of the electric 

power production output. 

6 CONCLUSIONS AND FUTURE WORK 

This study has evaluated the availability of a GTW 

offshore production concept system. Since this type 

of system is dynamic and multi-state with 

operational loops, classical methods for availability 

assessment are unsuitable. So, to compute the 

system’s availability Generalized Stochastic Petri 

Nets and MCS were applied. 

An availability analysis of a case study of a generic 

GTW facility using Allam Cycle as an electric 

power generation process was performed. The case 

study is a multi-output system which worked with a 

constant output from wells over the 20 years 

mission time investigated. 

The case study conducted showed a large variability 

in the results obtained for the scenarios investigated, 

ranging from 62% to 92% in the average availability 

of electric power production. Also, the results 

showed that the influence in the system’s 
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performance of a second CM team depends on the 

CM strategy adopted. 

The sensibility analysis results showed that the CM 

team delay to start a repair is the parameter that most 

negatively influences the system. Also, for the 10% 

variation applied to the model’s parameters, the 

MTTF parameters of the components have a greater 

influence in the performance of the system than the 

MTTR parameters. Finally, a parametric study was 

carried out to characterize the effect of the most 

influencing parameters identified in the sensibility 

analysis. The results showed that the MTTF GC and 

the Voyage Offshore have the largest influences in 

the system’s performance. 

Several simplifications were adopted to develop the 

case study due the lack of information in GTW 

concept. So, some improvements on the production 

concept characterization and case study 

development can be made. 

The characterization of the production concept can 

be improved by taking into consideration more 

aspects and variables such as: general 

characteristics of the reservoir and environmental 

characteristics of development site that would help 

to choose what type of SPU that is most suitable. 

Since the production concept, and in particular the 

electric power generation process, lack of reliability 

and performance data, the analysis can be updated 

with more realistic data when they are available. 

Finally, not all components of the system were 

considered subjected to failure. Considering all 

components present in GTW system would achieve 

more sound results. Equipment such as different 

levels of fluid separation, pumps, oil and water 

treatment units could be modelled to better account 

for the system’s dynamics. 
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