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    To Stella, Sidnea and Vitoria


  




  

    In theory,




    theory and practice are the same.




    In practice, they are not.




    Albert Einstein


  




  

    PRESENTATION




    A ideia é essa.




    Prof. Mario Jorge




    (2021)




    This book is about making decisions in the development and implementation of preventive maintenance programs (e.g., asset management initiatives). Such decision-making process involves facing some challenges. More specifically, some of the main challenges are:




    • Who the stakeholders are, their interests and needs;




    • What main aspects should be defined: (i) preventive intervals; (ii) spare parts stock levels; (iii) where to perform first line tasks; and (iv) the amount of prevention;




    • What the decision alternatives are and how to evaluate them;




    • How we should communicate the decision alternatives and preferences to the stakeholders;




    • What maintenance KPIs should be considered;




    • How the maintenance trade-offs are defined;




    • What solutions can be imported from other sectors.




    In this book I address these challenges. A decision framework is developed providing an adequate context for how to deal with such challenges. The framework comprises:




    • An ontological scheme;




    • An alternative optimization approach for backlog management using Markov Decision Processes and solved by dynamic programming;




    • A diagnosis of the current practices on maintenance decision-making in the offshore environment;




    • A comprehensive decision support framework for PM program implementations;




    • A cross-sector solution for Operations & Maintenance integration.




    I sought to align my experience in the industry, working with a set of theoretical elements and graphical models, with the idea of composing a toolkit to help maintenance engineers, technicians and managers in the operational environment.




    Throughout the course of 13 years working in flight operations, followed by 16 years working in maintenance in the oil and gas sector, I have had the chance to observe the modus operandi of different socio-technical systems, i.e., organizations, from different perspectives, namely Operations and Maintenance.




    I have always tried to apply the systems approach to gather the relevant artifacts and concepts that could be useful for those, like me, seeking to combine practice with theory. This book is not an exhaustive collection of tools. I have, as expected, left to the reader the task of testing and improving it as needed.




    To name some of the additional challenges in my journey, I mention preparing and carrying out interviews, visiting the operational bases in Norway, and writing the thesis in English. What helped me the most was the support from wonderful people who believed in my project from the beginning, such as Professor Mario Jorge Ferreira de Oliveira (In Memoriam) to whom I dedicate this book. He always said, in his nasal voice, “that’s the idea” or “a ideia é essa.”




    Niterói, January 2022




    Mario Marcondes Machado
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    PREFACE




    It was my privilege to support the supervision of the PhD research that is the foundation of this book. Mario found an epiphany in the principles of systems thinking and engineering which provide a structure for his ground-breaking application of Markov analysis to preventive maintenance for complex infrastructure assets. His work still qualifies as beyond the state-of-the-art for this topic, especially as applied in the oil and gas industry. He introduces us to the Markov Decision Process, which he recommends as to manage the maintenance backlog, using dynamic programming capable of generating optimal O&M policies of an offshore power plant (FPSO). The reader may be surprised to see the strong correlations between the computational predictions and actual maintenance results during his study. I highly recommend professionals and academics working in this area to read and learn from this book.




    Cecilia Haskins




    Trondheim, Norway


  




  

    KEY-DEFINITIONS




    Availability – The ability of an item (under combined aspects of its reliability, maintainability, and maintenance support) to perform its required function at a stated instant of time or over a stated period of time (BS 4778).




    Condition monitoring – Continuous or periodic tests, inspections, measurement or trending of the performance or physical characteristics of structures, systems and components to indicate current or future performance and the potential for failure.” (IAEA, 2007).




    Dependability – The collective term used to describe the availability performance and its influencing factors: reliability performance, maintainability performance, and maintenance support performance (IEC 60300).




    Descriptor – Feature. Data item derived from raw or processed parameters or external observation (ISO 13372:2004).




    Failure (event) – The termination of its ability to perform a required function (BS 4778).




    2- An unacceptable deviation from the design tolerance or in the anticipated delivered service, an incorrect output, the incapacity to perform a desired function (NASA 2002).




    3- A cessation of proper function or performance; inability to meet a standard, non-performance of what is requested or expected (NASA 2000).




    Failure symptom – An identifiable physical condition by which a potential failure can be recognized [MIL-STD-2173(A)].




    Framework agreement – An agreement between one or more contracting authorities and one or more economic operators, the purpose of which is to establish the terms governing contracts to be awarded during a given period, in particular with regard to price and, where appropriate, the quantity envisaged. [Public Contracts Regulations 2015 – Regulation 33(02)].




    Maintenance – The combination of all technical and corresponding administrative actions, including supervision actions, intended to retain an entity in, or restore it to, a state in which it can perform its required function [(IEC50(191)].




    Maintainability – The ability of an item, under stated conditions of use, to be retained in, or restored to, a state in which it can perform its required functions, when maintenance is performed under stated conditions and using prescribed procedures and resources (BS 4778).




    Maintenance support performance – The ability of a maintenance organization, under given conditions, to provide upon demand, the resources required to maintain an entity, under a given maintenance policy [IEC 50(191)].




    Nomogram – A graphical calculating device, a two-dimensional diagram designed to allow the approximate graphical computation of a mathematical function.




    Normal operating condition – operating condition that represents as closely as possible the range of normal use that can reasonably be expected. [IEC 62368-1:2010, 3.3.7.4].




    Quality – The totality of features and characteristics of a product or service that bears on its ability to satisfy stated or implied needs (ISO 8402).




    Reliability – The ability of an item to perform a required function, under given environment and operational conditions and for a stated period of time (ISO 8402).
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    1. INTRODUCTION




    In search of a balanced availability, operational efficiency and optimization, oil field operators must be able to make decisions in an environment of uncertainties and where logistic aspects have a great impact on production and costs such as offshore operations. Given that approaches aiming to coordinate/synchronize production and maintenance are among the key-elements of the so-called Industry 4.0 (Vatn, 2018), this thesis is opportune, since it investigates the maintenance decision-making process including organizational aspects, with emphasis on the interface with operations.




    The overall objective of this research is to develop a comprehensive decision support framework for preventive maintenance program implementations in the offshore operational environment of the oil and gas industry. The subjacent objectives are: (i) identify, among major oil and gas offshore operators, the state-of-practices regarding the maintenance decision-making process; (ii) identify, in the literature, the main techniques used for maintenance decisions and optimization in order to; (iii) propose alternatives for supporting future preventive maintenance program implementations.




    The thesis is composed of complementary approaches from qualitative and quantitative research methods. The qualitative approach, with the assistance of Systems Engineering methods, includes a literature review, case studies, a survey, and interviews with maintenance experts in the oil and gas industry. In the quantitative approach, the Markov analysis is discussed, and a Markov decision model proposed. The research is developed from the offshore operator’s headquarters perspective and is limited to the technical information flowing in the maintenance decision-making process at the tactical and operational levels.




    The results of this research complement a toolkit for maintenance engineers, technicians and managers aiming to facilitate information sharing and interdisciplinary cooperation in the offshore operational environment.




    Among the results and propositions of this research, are:




    (i) A concept map for the maintenance decision-making process and ontology;




    (ii) A plan for preventive maintenance program implementations;




    (iii) A cross-sector solution (i.e., the minimum equipment list from aviation).




    (iv) A model application using the Markov Decision Process (MDP) towards optimum Operations and Maintenance (O&M) policies; and




    (v) A diagnosis of the current maturity of the processes of condition monitoring and diagnostics of machines in major offshore operators in Brazil and in Norway.




    1.1 PROBLEM BACKGROUND




    In a broad review of maintenance optimization applications, Dekker (1996) states that among the problems encountered in applying maintenance optimization models are: (i) deficient data collection and analysis; (ii) the need for the development of a generic modelling such that standard models can be used; and (iii) the need for a good formulation of the problem within an ambiguous terminology environment, since most concepts allow various interpretations.




    A series of organizational skills and expertise are necessary and, according to Vatn et al. (1996), the need for a diverse set of expertise may be one of the reasons why it is so hard to implement model-based maintenance approaches. For Welte et al. (2006), one reason for the lack of models/methods usage, despite broad coverage in the literature, can be difficulties in providing the proper amount of data.




    Although those statements have been made long ago, according to the field research among major offshore oil and gas operators performed in this thesis, those difficulties are still there, especially regarding the decision-making process. In that sense, the ability to find an optimum balance between costs and benefits of maintenance decisions emerges as a key factor in a highly competitive business context.




    According to Machado and Haskins (2016), significant benefits can be achieved when, for example, major maintenance interventions such as equipment overhaul are scheduled based on conclusions from the results of models and, among the promising approaches are the Markov chains and decision process.




    Experience has shown that, beyond a thorough operational experience, among the organizational key-elements are:




    • Methods for expert’s judgment use;




    • Strong notification culture (not a search for a culprit);




    • Data collection systems and condition monitoring routines;




    • The use of a common recordkeeping system (i.e. routines for machine/assets event’s and maintenance intervention recording etc.); and




    • Intelligent analytics and IT support systems (i.e. tools and database related infrastructure).




    All these aspects underlie the motivation to investigate the decision-making process in the offshore operational environment of the oil and gas industry.




    Based on a preliminary literature review and early interviews with experts. A summary of factors impacting the offshore operator’s maintenance support performance is presented in Table1-1.




    Table 1-1 – Factors impacting the offshore operators’ maintenance support




    

      

        



        



        

      



      

        

          	

            Problem related to


          



          	

            From the literature


          



          	

            According to interviewed maintenance experts


          

        




        

          	

            Data


          



          	

            Deficient data collection and analysis (Dekker, 1996)


          



          	

            Lack of analysis, (i.e., root-cause, cost-benefits, life-cycle and decision) (Declared)


          

        




        

          	

            Difficulties in providing the proper amount of data (Welte et al., 2006)


          



          	

            Confirmed in the interviews


          

        




        

          	

            Models


          



          	

            Lack of model robustness in an ambiguous terminology environment (Dekker, 1996)


          



          	

            Confirmed in the interviews


          

        




        

          	

            Technical competences


          



          	

            The need for diverse expertise/skills in the organization (e.g., decision analysis, expert judgement and a thorough operational experience) (Vatn et al., 1996)


          



          	

            Need for communication skills within and across the organizations (on- and off-shore personnel) (Declared)


          

        




        

          	

            Decision-making


          



          	

            The need for a more explicit use of decision logic and compiling the results into maintenance schedules (Vatn et al., 1996)


          



          	

            Deficient justification of analyst’s preferences to convince management. (e.g., lack of life cycle evaluations) (Declared)


          

        


      

    




    (Declared) = Interviews with experts




    In summary, from the operators’ side, there is a need for: (i) a better coordination of the condition monitoring and diagnostics (CM&D) activities in the offshore operational environment; (ii) operation and maintenance integration; and, (iii) culture change towards prevention. Moreover, deficient data collection and analysis and a poor quantification/demonstration of gains make it difficult to enhance the operator’s maintenance support performance, resulting in high maintenance costs due to poor asset performance and limited interdisciplinary cooperation, mainly regarding the implementation of preventive maintenance programs.




    1.2 PROBLEM FORMULATION




    In the course of the research, it became clear that a Systems Engineering (SE) approach could help better understand the viewpoints in the maintenance decision-making contexts. The research started with the assumption that: by identifying the main actors, their roles and relationships, discussing the most relevant elements mentioned in the literature from recent applications and interviewing the experts in the field on the main aspects of the condition monitoring and diagnostics of machines (CM&D), it would be possible to contribute to paving the way for future implementations of preventive maintenance (PM) programs, such as Condition-Based Maintenance (CBM), Reliability-Centered Maintenance (RCM) and Total Productive Maintenance (TPM). As scope delimitation, the focus of this research is on the flow of information and operational data related to the maintenance decision-making process in the offshore operating environment of the oil and gas industry. The research problem can be stated as:




    “How can the oil and gas operator improve the maintenance decision-making process towards a calibrated preventive maintenance program in the offshore operational environment?”




    The Basic hypothesis is that “The results from a systemic and systematic investigation of the state-of-practices assisted by a literature review regarding the state-of-knowledge on maintenance decision-making can contribute to developing a comprehensive decision support framework in this industry sector.”




    This thesis is organized as follows: Chapter 2 describes the research methods; Chapter 3 presents the findings from literature review; Chapter 4 presents the findings from the field research; Chapter 5 summarizes and discusses the main thesis constructs and Chapter 6 concludes and indicates future research lines.


  




  

    2. RESEARCH PLAN




    With sufficient planning, you can almost eliminate adventure from an expedition.




    Roald Amundsen




    (1872-1928)




    From the point of view of its nature and purpose, since this research aims to generate knowledge for practical application and is directed to the solution of specific problems, it is classified as applied research using qualitative and quantitative approaches. This research can also be classified as exploratory research since it involves literature review, interviews and case studies. Moreover, as it is concerned with the direct description of experience, it may be classified as phenomenological. And, finally, by considering the Markov decision approach and analysis, it has also an experimental character. Table 2-1 presents the research objectives, methods and outcomes.




    Table 2-1 – Research approach




    

      

        



        



        

      



      

        

          	

            Research objectives


          



          	

            Methods / Approach


          



          	

            Main outcomes


          

        




        

          	

            - Identify, among major oil and gas offshore operators, the state-of-practices




            - Identify, in the literature, the main techniques used for maintenance decisions and optimization, the state-of-knowledge




            - Propose alternatives for supporting future preventive maintenance program implementations
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