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Normally, chemical processing plants work at 95% of their capacity productive. In order to avoid delays or a reduction in 
their capacity, they develop a maintenance and replacement strategic plan of equipment, carried out by plant shutdown 
projects. The success of these will depend on the correct management and the effectiveness of the decisions taken by the 
responsible team. This paper aims to describe the decision making process, to identify the most critical phases in this 
projects, in addition to establishing the required parameters. This study has been conducted in 53 chemical processing 
enterprises with 78 experts in this type of project. Results allow to concluded that the most critical phases are the early 
stages definition and planning. The sense of a lack of information expressed by experts confirm that the present 
management requires a conceptual base which integrates the different and disperse data available in an organised manner. 
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1. INTRODUCTION 

 
   In order to satisfy demand, the chemical processing industry aims to ensure that the productive capacity of its plants is not 
reduced. This is particularly important when demand is high or the petrol supply is low. A diminishing in the productive 
capacity of the plants, even if very small (1-2%), has a negative effect on the achievement of the benefits expected by the 
organisation, the strategic plan and the fulfilment of company objectives. This decline can be due to unexpected equipment 
failure which necessitates the cease of operations and the emergency procedure of an unplanned plant shutdown. In such 
cases, the daily cost due to the cease of operations can oscillate between $320,000 and $754,000 (depending on installation 
size). For this reason, in order to ensure the operational continuity of the plant, a Shutdown Strategic Plan is developed 
(with a likelihood of 8 to 10 years) or the SPM (strategic plan for the maintenance and replacement of equipment) is 
introduced. This plan is carried out by means of plant shutdown projects [1-2], which offer specific allocated time slots for 
carrying out the maintenance and replacement of working equipment, which can not be carried out during the normal 
production period [3-4]. The length of a plant shutdown is usually 30 days, although this period depends on the established 
shutdown range (defined by the type of work to be carried out) and the type of industry. The average estimated budget is 
between 8 to 10 million dollars [1]. 
   The SPM is the referential framework employed by the team responsible for the shutdown process to evaluate the 
requirements of the plant and to define the risks, challenges, opportunities and actions to be carried out [5]. This team must 
be a multi-disciplinary team, integrated by representatives from all departments: operations, maintenance, processes, plant 
engineering, quality, projects, finance, human resources, materials, safety and hygiene and environment. This stipulation 
will offer a global perspective and the efficient integration of the project in order to be able to achieve the best possible 
results for the shutdown [6]. This team must balance the extent of the plant shutdown (use of the shutdown time to carry out 
the required work) with the requirements and priorities of the enterprise without affecting the mechanical integrity or the 
operational reliability of the equipment.  
   These projects are implemented in four phases: integration of the strategy, description of the work objectives, execution 
and closure [7-8-9-10]. Historically speaking, much emphasis has been placed on the execution phase of plant shutdowns. 
However, this approach led to few satisfactory results [1]. Leading corporations in this area dedicate 65% of the total effort 
to the planning of the shutdown, 33% to the execution and 2% to the collection and documentation of the lessons learnt [7]. 
The process of plant shutdown management, divided into the four previously mentioned phases, favours a systematic 
approach which leads to consistent practices and results. However, most project work teams are unaware of this [2]. A brief 
description of each phase will now be outlined.  
   Phase I “Integration of the strategy”, the main objectives of which are the formulation of the performance criteria, the 
definition of key objectives and shutdown indicators, identification of critical aspects and potential risks, in addition to the 
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definition of successful initiatives to maximize the performance: to define the criteria needed to define and optimise the 
extent, to define the direction to be followed in order to develop the contracting strategy, the organisational structure, the 
matrix of responsibility, the master schedule and the work programme [11-12-13]. The process of defining the extent of the 
plant shutdown project starts with the generation of work orders (by the enterprise departments) from the moment in which 
the previous phase finishes (phase IV, Closure) [14]. 
   The objective of Phase II, “Description of the Work Objectives” is the logistic management of all resources associated 
with the shutdown project, identifying, planning, programming, directing and executing all activities which must be carried 
out from the previous works to the closure of the shutdown [15]. It must be pointed out that this phase uses WBS (Work 
Breakdown Structure) to itemise the project in such a way that it facilitates the evaluation of shutdown preparation [16]. As 
a prior step to the execution of the shutdown, some pre-shutdown work is conducted. This accounts for 15% to 20% of the 
total extent of the shutdown (depending on the magnitude and complexity of the work). This work can begin 12 or 14 
months in advance of the date set for the plant shutdown [17-18]. 
   Phase III, “Execution of the shutdown”, is the main part of the project works, in which the working conditions are the 
central elements for an out of order installation, and the conditionings for their programming are reduced to the allocated 
dates of consignation of the installation stated by production. Here, it is very important to have an effectiveness control of 
the aspects: cost, time and quality in order to manage the changes conditions. 
   Finally, in phase IV, “Closure”, all the activities to return the plant to normal operation are concentrated (that is, the 
culmination of the isolation and painting, execution of the list of unresolved activities, demobilisation and contractors, 
cleaning of the area and the closure of contracts). Finally, the work lists and the situation and history of the equipment for 
the next shutdown are prepared, as well as the documentation of the lessons regarding feedback and the performance 
evaluation of the work team, contractors and suppliers [19-20]. 
   Each of these phases involves some critical decision making points and different criteria, which are considered in the 
decision making process, such as: the prioritization of the planned activities, the technical area, safety, environment, legal 
aspects, quality, economic aspects, human resources, terms, selection and the contracting of stakeholders, etc. Decision-
making is not a centralized activity, but rather a distributed effort of a multitude of agents [21]. 
   In the plant shutdown processes, as in any other project problem, there will always be the possibility of finding a set of 
potential solutions, which may help ensure a satisfactory outcome. Virtually any solution, difficult as it may appear, can be 
reached if a sufficient amount of funds and the necessary time are available. However, this condition very rarely arises. 
Therefore, in order to choose an alternative which optimises the “cost/benefit” relationship, the elaboration of a technical 
and economic feasibility study for each alternative is required, in the function of the particular conditions of this project. 
For this, in order to objectively evaluate each suggested alternative, it is necessary to have available both integrated and 
structured information which is relevant and which can facilitate the understanding of the problem [22-23-24]. 
   The correct management of the decision making process and the quality with which the decisions are made are central to 
achieving success in plant shutdown projects. The adoption of good decisions is a very complex practice, which is crucial to 
the organization of project management [25], since it permits a move towards the stated objectives through the selection of 
the most suitable alternatives [26]. The size and the increasing complexity of the problems to be solved, an increasingly 
competitive environment and the legislative pressure with regards to safety and quality justify the particular attention which 
must be paid to the decision making process in projects [27]. However, in most cases, due to the indecisive nature of the 
objective factors and the poor management of intangible assets which affect the decision, the decision making is mainly 
carried out by way of a subjective process. The set of subjective factors which play a role in this are, to name a few: the 
evaluation of the circumstances in which the problem is presented, the ensuing consequences learnt from other similar 
occasions, and the results obtained when this type of decision was made in the past. These factors consolidate the level of 
tacit knowledge available to the person deciding upon the stated problem. This knowledge has been acquired in the function 
of previous experiences, and is not always sufficient for an accurate decision making process. Furthermore, there exists 
another series of factors inherent in the entire decision making process, which determine the manner of acting or deciding, 
these are: the extent of problem structuring, the inherent risk to the decision, the degree of uncertainty or certainty and the 
conflict or opposition generated by it [15-20]. 
   This paper presents the study carried out for the analysis and description of the decision making process in plant 
shutdown processes in chemical processing industries in Spain, Portugal and South America. The aim of this research is to 
identify the most critical phases and points in addition to the identification of the criteria to be taken into consideration in 
the decision making process for such projects.  
 
2. MATERIAL AND METHODS 

 
   The research was carried out using a questionnaire consisting of 10 questions, directed at the analysis of the decision 
making process in chemical plant shutdown projects, taking into consideration the 4 phases (see Fig. 1). These questions are 
a response to the concern shown by different groups of experts during international conferences related to engineering and 
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maintenance, in which questions related to this matter have been raised. Basically, the interest is focused upon three areas: 
the identification of the critical decision points, a description of the decision making process in this type of project and the 
need to have a method or tool to assist the decision making. 
   78 experts from 53 enterprises within the energy sector in Spain, Portugal and South America with an average length of 
work experience ranging between 15 to 20 years, in the planning, management and execution of this type of project, 
participated in the survey. Among the experts, 34 worked in the Petrochemical sector, 12 in the Refining sector and 32 in 
the Gas sector. 
   The questions posed in the questionnaire focused on the key areas mentioned above. As such, the survey investigates the 
identification of the critical decision making points and critical phases of the plant shutdown projects (questions 1, 2, 10), 
followed by questions concerning the identification of the type of model used by the industry in the decision making 
process (questions 3, 4, 5, 6 and 7). Finally, the degree of knowledge and frequency of use of specific techniques to help in 
multicriteria decision making and the need to have a mathematics-based tool to assist the decision making is examined 
(questions 8 and 9). 
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Integration of the strategy 
Description of 

the work 
objectives 

Execution Closure 

 
 
 
 
 
 
 
 
 
 

   

 
 

Figure 1. Phases of the Plant Shutdown Process [7] 
 
   Basically, the survey was designed using open questions, with the exception of questions 6, 8 and 9, which were closed 
questions, and questions 2 and 7, since, in addition to the options given for responding, the experts were also able to write 
any observations they considered appropriate. To manage the range of answers expressed in the open questions and the 
observations, all those related to the same concept were grouped. The criterion used was based upon representing the 
answers by the smallest possible number of categories. For this, three sessions were held, in which two experts in project 
management, one expert in decision making and one expert in plant shutdowns participated. The affinity diagrams were 
used as a grouping technique.  
   Since there were experts representing the Petrochemical, Refining and Gas sectors, the responses were divided according 
to the function of the sector in order to compare the results obtained in the different areas of activity.  
   Next, the intended objective of each question within each area of interest is briefly explained.  
 
Study area: Identification of the critical decision making points 
Question number 1: What is the current level of performance of your plant shutdowns?  The aim is to determine the 
level of execution presented by the plant shutdown projects and identify whether or not they meet the success factors. For 
this, three levels were specified as possible answers (High, Medium and Low), in the function of the criteria described in 
Table 1.  

Table 1. Description of the Levels of Performance in the Plant Shutdown Projects 
 

LEVELS DESCRIPTION 

High The project team meets the cost, terms and quality planned and carries out an adequate 
risk management assessment.  

Medium The team lacks a satisfactory execution in some of the success factors (cost, terms, 
quality and risk management). 

Low The project team experiences problems related to more than one of the success factors 
(cost, terms, quality and risk management). 
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Question number 2: Where do you think the critical points are in the decision of plant shutdown projects? In this 
case, the aim is to identify the areas and/or activities, inherent in the four phases of the plant shutdown process (Fig. 1), 
which are considered by the experts to be the most critical in the direction and execution of these projects. This question 
proposed 5 alternatives and the experts could select as many alternatives as they considered appropriate. The specific 
alternatives were: 1. The phase of formulation and integration of the strategy, 2. Programming, planning of activities and 
responsibilities, 3. Phase of service contracting to execute certain tasks, 4. Closure of the shutdown and 5. Other areas 
(offering freedom for the experts to indicate any other critical point in the decision making not found in the options listed). 
 
Question number 10: According to your own experience what are the critical decisions? The aim was to identify in 
which aspects of the plant shutdown projects the critical decisions were concentrated. In this question, the Paretto analysis 
was conducted for each sector, in order to analyse and compare the critical decisions considered with greater frequency by 
the experts from the three industries.  
 
Study Area: Description of the decision making process 
 
Questions number 3: As the manager of plant shutdown projects, how do you perceive the decision making 
processes?, number 4: How are decisions made? and number 5: How are decisions registered and implemented?. 
With these three questions the aim is to identify characteristics in the decision making process through the perception of the 
project managers, to establish the model or structure used to execute the decision making process and to identify to what 
extent the information management is formalised at the time of decision making. 
 
Question number 6: Do you use specialised consultancies in the plant shutdown projects? With this question the aim is 
to establish whether the experts feel the need to turn to external services to manage some of their tasks. 
 
Question number 7: Do you consider multiple criteria in most of the decisions you make and, if so, what are these? 
Due to the great amount of factors (operations, maintenance, processes, plant engineering, inspection, projects, financial, 
human resources, materials, etc.), actors, interests and requirements which play a role in the plant shutdown projects, the 
aim here is to establish the criteria considered in the decision making process, taking into account the four phases which 
integrate plant shutdown projects (Fig. 1). In this case, the criteria designed by the experts will be grouped according to the 
function of the areas involved in this type of project. 
Study area: To identify the degree of familiarisation with the specific techniques to help in the decision and the need to 
have a tool to assist in the decision making process. In this case, the aim was to establish the level of knowledge of such 
techniques (question 8), as well as the need to create a mathematics-based technique to assist the decision making process 
(question 9). 
 
Question number 8: Are you aware of any specific techniques which can help in multicriteria decision making? If so, 
please indicate how often you use them. 
 
Question number 9: Do you believe that a mathematics-based tool to help decision making would be useful?  
   The data obtained by means of the survey have been analysed in accordance with the following procedure. The 
percentage of the answers for each of the presented alternatives for each and every answer, according to the sectors, has 
been calculated. Thus, %i has been obtained from the calculation of Ni (see Ec. 1 and 2), where “i” represents each of the 
options to be chosen by the experts in the closed questions and each of the groups of answers obtained after the 
classification carried out as previously described in the case of open and mixed questions. With this approach, the relative 
importance of each of these alternatives for each individual sector (Petrochemical, Refining and Gas) can be observed. 
Subsequently, the differences and similarities which exist among the sectors can be compared in the function of the results. 
As mentioned above, the “Total Sample per Industry” consisted of 34 experts from the Petrochemical sector, 12 from the 
Refining sector and 32 from the Gas sector. 
 

 ... (1) 

 
 ... (2) 
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3. RESULTS AND DISCUSSION 
 

   Most experts in the three industries are willing to agree that they achieve a medium level of performance in plant 
shutdown projects. It is only in the case of the Refining industry, where 44.5% of the experts are under the impression that 
high performance values are achieved (see Table 2). These results highlight the fact that most of these project managers are 
of the opinion that a considerable margin for improvement still exists with regards to reaching an appropriate management 
of the shutdowns.  
 

Table 2. Performance level of the plant shutdowns 
 

 
 
   In addition, the consensus reached between the experts, when stressing that the critical points in the decision making are 
mainly located in the initial phases of planning and programming (see Table 3), should also be highlighted. Most experts in 
Project Management are aware of the importance of these initial phases [6-20], and therefore, it is not surprising that they 
coincide over the criticality of the decisions made at this stage. The strategic planning is very compromising, since 
repercussions regarding the decisions made at this stage can be very severe. From the very start, accuracy in the decision 
making is the key point for ensuring that everything develops within the acceptable limits of performance. However, it is in 
this phase where the greatest level of uncertainty lies [28]. The existence of multiple influencing factors makes it difficult to 
reach a consensus with regards to the proposed solutions between the departments with conflicting interests. Moreover, the 
amount of information which must be taken into consideration is vast, and poor management of this can imply astronomical 
losses. These features coincide with the general perception of the decision making process expressed by the experts (see 
Table 4): in the three sectors, they are aware of the value of information (3), the experts belonging to the Petrochemical and 
Gas Industries consider the data available at present to be insufficient (1) and all are of the opinion that the search for a 
consensus is necessary when it comes to deciding (5). 
   Similarly, when directly questioned about the most critical decisions (see Table 5), the definition of strategies and scopes 
(2) once again directed their answers, together with those related to the execution times (9), and followed at a short distance 
by the risks associated with restarting after the shutdowns (3). Thus, it can be said that the uncertainty of the initial phases 
and the sensation of a lack of control by the project managers generate doubts concerning everything related to the 
suitability of restarting and its programming. This may be the reason why managers try to reach consensus in their 
decisions (see Table 6 option 2). Consensus guarantees the approval of the individuals responsible for the different areas 
which, indirectly gives them the sensation of control, minimises the risk of the decision and allows for the decision-making 
responsibilities to be somehow shared. Obviously, the degree in which this can occur will depend on the type of existing 
organisational culture and the nature of the business. To this regard, it must be pointed out that this research has not taken 
into account the relationships between the decision making processes and the type of organisation, its degree of maturity 
[28], the role played by the project manager and the different types of leadership he or she can follow [20]. 
 

Table 3. Critical points in the decision making of plant shutdown projects  
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Table 4. Perception of the decision making process 
 

 
 

Table 5. According to your own personal experience what are the critical decisions? 
 

 
 
   Conversely, despite the significant coincidence existing between experts in their preference for seeking consensus as 
opposed to centralised decision making, some differences between the sectors can be found, which are worthy of mention. 
Although it is true that in all the cases studied, decisions based upon experience is normally the most common approach to 
decision making, the high percentage of experts in the Petrochemical sector who confirm that they make decisions in an 
unplanned way (see Table 6 option 7), must also be highlighted. This may be a direct result of the fact that they perceive 
deficiencies in the level of information management necessary for planning, as mentioned in the previous paragraph. In 
addition, this justifies the fact that the responsibility for executing the decisions finally falls upon the managers who occupy 
a higher hierarchical level, as they themselves point out (see Table 6). This is, doubtlessly, a worrying feature, due to the 
well documented advantages derived from the correct planning of the actions to be carried out before decision making. In 
the case of the Refining industry, the execution depends more on the development of plant activities. The operations related 
to the manufacturing, maintenance and safety take priority in this sector, where, despite having confidence in the 
experience of the individual responsible for making the decision, nevertheless, the economic aspects, and those related to 
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the environment are controlled. However, the most significant aspect can be found in the Gas sector, where most experts 
state that they make their decisions in function of the analysis of the information available, which highlights the importance 
given to the control tasks of their plant shutdown processes. This fact is further ratified when they state that their decision 
depends upon the advance notice of the project, which definitely differentiates them from the other two sectors, where the 
contemplation of possible deviations, with respect to the programming, is not mentioned.  
 

Table 6. Execution of the decision making  
 

 
 
   From all that has been stated, it could be concluded that the method of executing the decisions which comes closest to 
being the most desirable method would be that carried out by the Gas sector, followed at a distance by the Petrochemical, 
and Refining Sector. In this regard, the latter presents the most problems. This may be due to the fact that the gas generation 
process is simpler than the other two sectors, which can reduce management tasks and facilitate the decision making 
process. 
   Concerning the manner in which the decisions are formalised and registered (question 5), in the three cases procedures 
exist whereby a written document finally appears. However, this practice is more frequent in the Refining sector (superior 
to 70%); in the other two sectors the option is to implement decisions in an informal manner (around 60%). This can be due 
to the fact that the Refining industry has a more complex operation process, which could cause serious environmental 
problems in the event of an irregularity occurring, which could lead them to have their activities more closely documented.  
   In contrast, it can be said that the demand for assessment is considerable in the three sectors. More than half of the experts 
confirm the use of external consultancies (question 6), which underlines the opinion of the specialists - that qualified 
external support can contribute to the improvement of the indexes currently obtained by plant shutdowns. 
   About question 7, the results show that the experts from the Refining sector (80%) and Gas sector (77%) consider 
multiple factors when it comes to making a decision in almost all cases [30]. Once again, it could be said that this is an 
indicator of the complexity involved in the management of this type of project. However, in the Petrochemical sector, at 
almost 35% of experts who make decisions while taking into account a small number of criteria is higher (see table 7). 
Once Again, this fact could be due to the lack of information which they proclaim to have regarding their shutdown 
process, which could lead them to obviate data and factors which may be relevant when making the correct decision. In 
Figure 2, in which the criteria mentioned by the specialists’ areas are grouped according to the differences, it can be 
observed that Finances, Technical Area and Production are the areas that contemplate a greater number of factors. This can 
be viewed as normal when taking into account the financial repercussion implied by each unproductive day and, from the 
technical perspective, the high level of exigency involved in the shutdown and inspection of a chemical processing plant.  
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Table 7. Multiple Criteria 
 

 
 

 
 
 
 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Criteria taken into consideration in the decision making per areas 
 
 

   With regard to the knowledge of the specific techniques to help multicriteria decision making, almost half of the experts 
demonstrated their ignorance of them (question 8). Furthermore, 95% of the experts who stated that they knew some 
techniques stated that they did not use them. Despite this, it can be observed that there is a high level of agreement between 
the experts with regard to the usefulness of the availability of a mathematics-based technique to assist in decision making. 
That is, experts think that it would be convenient to have tools to help the decision making process, but they do not use 
them, either because they are not aware of any, or because the techniques used do not respond to the particular needs of 
their decision-making problems, or because they consider their use to be inappropriate under the present circumstances. 
This fact could reveal a latent demand for training in these types of techniques as a prerequisite to their implantation in the 
present management models for this type of project. 
   The three sectors coincide with a percentage at above 60% with regards to the usefulness of having a mathematics-based 
technique as an aid to decision making (question 9). Obviously, to have a tool which would observe the criteria and 
interests of the different areas and help select the alternative which maximised the benefits would signify a very interesting 
aid for the central objective of our research. This would be of considerable use for objectivising influencing factors and to 
avoid making decisions in a hostile setting, succumbing to the diversity of interests based on individual suppositions or 
goals. In addition, the incorporation of techniques to assist decision making during the planning of the plant shutdown 
projects would help with the execution of previous diagnoses of the active assets within the installations, by improving the 
planning and management of the changes in their conditions over time. 
   When research is carried out with regard to the critical decisions (see Table 5), experts allude to those related to 15 
factors, with all three sectors concurring in 8 of them (see Table 8). In addition, from the Paretto analysis, (Table 8), it can 
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be concluded that six of these factors are presented with frequency rates above 10%: the definition of the reach and 
fulfilment (1), execution time (2), financial aspects (3), risks (4), maintenance (5) and human resources management (8). 
Again, it can be seen that it is critical for the experts to make the decisions concerning the strategic definition and planning 
phases. It must be pointed out that in this research only the critical decisions have been identified, and the frequency with 
which the experts mentioned these has been measured without establishing a hierarchical order regarding the importance 
they bestowed upon them. Therefore, for future studies, it would be appropriate to carry out this weighing between the 
critical factors related to the decisions with the support of the experts from the three sectors.  
 

Table 8. The most critical decisions in the Petrochemical, Refining and Gas Industries 
 

 
 
4. INSIGHTS FOR PRACTITIONERS 

 
   Once this point has been established, the existing need to improve the management and the decision making related to the 
tasks to be developed in the first phases of a plant shutdown seems obvious. It seems logical to think that the improvement 
of the management would lead to an improvement of the conditions in which the decisions must be made. In fact, the 
generation of helpful models in the strategic planning could contribute to standardizing and improving the management 
processes [6], which could finally favour the progressive development of relationships between project direction and 
management practices and the methodologies and procedures involved in the decision making process. Thereby, future 
research directed at the specific development of plant shutdown management, which contemplates the idiosyncratic factors 
for integration within its procedures and which scrutinizes tools to help the decision making process, would be justified.  
   Finally, it must be mentioned that, except for details related to the method of decision making, with regards to all the 
other factors measured in this research, no significant differences exist between the sectors studied. The various experts 
have agreed on the critical phases, the most delicate type of decisions, the criteria considered when the decision is made, 
etc. This state of affairs would lead to the confirmation that aspects related to the management of the shutdown of chemical 
processing plants present common problems regardless of the particular type of activity. This fact somehow leads to the 
conclusion that the design of the management model mentioned in the previous paragraph could be feasible for general 
application. Furthermore, this could be introduced in such a way that it could become the foundation for improving current 
performance levels for this type of project. 
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5. CONCLUSIONS 
 

   The results obtained in the study lead us to the conclusion that the most critical decisions and the main problems are 
concentrated in the early stages of definition and planning of plant shutdown projects (Phases I and II). Aspects related to 
the definition of scope, execution times, financial, risks and maintenance represent the main factors when it comes to 
making decisions. The experts agree upon the necessity to correctly manage a vast amount of data and affirm that at present 
they lack all the required information. In addition, and despite this, they do not have a formal model to help in the decision 
making processes, and do not use techniques to help in the decision although they consider that these could be of use. 
Hence, the decision making and searching for compromise solutions and consensus are mainly based on personal 
experience. The sense of a lack of information expressed by the experts serves to confirm that the present management of 
plant shutdowns requires a conceptual framework which can integrate the dispersed data, methods and techniques available 
in an organised manner, permitting an appraisal of the different criteria, minimising the conflicts and diminishing the 
uncertainty associated with the decision making process. 
   In conclusion the decision making criteria are mainly based on personal experience. In order to obtain high levels of 
performance in the plant shutdowns projects, the shutdowns project management may be based on a method or model 
through as can be integrated different criteria, processes and procedures for the efficient management of critical aspects 
(definition scope, execution times, financial, risk management and maintenance). This approach must take to implement 
solutions in those areas and critical aspect where the shutdown project team has greater difficulties (solutions custom-made 
“ad-hoc”). In this sense it must be generated models of trade-off analysis to diminish the conflicts and uncertainties 
associated to the decision-making process under a same criterion.  
 
6. REFERENCES 
 
[1]  Amendola, L. (2001). Project Optimization of Plant Stoppages. Papers: Web Reliability Center Inc. Maintenance & 

Production Articles. USA. Available at: http://www.reliability.com. 
[2]   Bobby, S.A. (2000). World Class Turnarounds Management. USA: Everest Press. 
[3]   Makarand, J. (1999). Shutdown Management. Coal Handling Plant of Thermal Power Station – A New Approach. 

USA. 
[4]   Williams, P. J. (2001). Predicting Process Systems. Hydrocarbon Engineering. USA, 2001. 
[5]  Woodhouse J. What Shutdowns, Why and When. The Woodhouse Partnership Ltd. ERTC Conference Paris. France, 

2000. 
[6]  Kerzner, H. (2000). Applied Project Management Best Practices on Implementation. New York: John Wiley & Sons, 

Ins. 
[7]  Amendola, L. (2005). Dirección y Gestión de Paradas de Planta, The Theory of Constraints, Turnaround – Shutdowns 

Maintenance. ISBN:84-96133-52-4. Sevilla: Espuela de Plata. 
[8]  Lenahan, T. (2006). Turnaround, Shutdown, and Outage Management. ISBN: 0-7506-6787-7. Butterworth-Heinemann 

Elsevier. 
[9]   Levitt, J. (2004).  Managing Maintenance Shutdowns and Outages. Industrial Press Inc. USA.  
[10] Lowell, R. (2003). Five Successful Shutdown Strategies. Cement Americas. Primedia Business Magazines & Media 

Inc. USA. 
[11] Stephen M.R. and Karen, J.M. (1992). Shutdown Management Five Years of Learning. AACE TRANSACTIONS. 

USA. 
[12] PMI Standards Committee (2004). A Guide to the Project Management Body of Knowledge. 
[13] Debakey, G. (2002). A Culture of Turnarounds Excellence. How a mid-size refining company went after it, Asset 

Performance Networks, World Refining. Volume 13, Number 2. USA. 
[14] Oliver, R. (2001). Organising the Plan for Turnarounds. Petroleum Technology Quarterly. USA. 
[15] Amendola, L. (2004). Tips para la Gestión de Paradas de Planta en Mantenimiento, Mantenimiento mundial, 

ARGENTINA. Available at: http://www.mantenimientomundial.com.  
[16] Voivedich, B. E. (2001). PMP. Risky Business Developing a Standardized WBS to Mitigate Risk on Refinery 

Turnarounds. USA: PMI. 
[17] Amendola, L. (2004). Fiabilidad en la Gestión de Proyectos de Mantenimiento. Revista de Mantenimiento Nº 180 (32-

36) ISSN:0214-43,44,2004. 
[18] Bos, M. H. (1999). The Shutdown Manager’s Pre-Shutdown Checklist. Paying Attention to the Details. USA: New 

Standard Institute, Inc.  
[19] Dickey, M. L. and Velasquez-Griffith, P. (2000).  Practices for Successful Turnarounds, Independent Project Analysis, 

Inc, Reston, Virginia 20190-5321. USA. 



Amendola et al. 
 

 210 

[20] Kerzner, H. (2003). Project Management Systems Approach to Planning Scheduling, and Controlling. 8º New York: 
Edition. John Wiley & Son, Ins.  

[21] Camponogara E. and Talukdar, S. (2003). Organizing Unreliable Decision Makers Into Reliable Decision Support 
Systems. International Journal of Industrial Engineering - Theory, Applications and Practice, Vol 10, No 2. USA. 

[22] Amendola, L. (2004).  Aplicación del Project Management en la Gestión de Paradas de Plantas, Ingeniería y Gestión 
de Mantenimiento. Nº 36. ISSN: 1695-3754 (33-38), July – August. 

[23] Amendola, L. (2003). Metodología de Dirección y Gestión de Proyectos de Paradas de Planta de Proceso. In: IV 
Internacional Congreso Project Management Institute, Sao Paulo, Brasil. 

[24] Woodhouse, J. (1999). Cost/Risk Optimization. Available at: www.twpl.com. 
[25] Ullman, D. (2001). Robust decision-making for engineering design, Journal of Engineering Design, Vol.12,1 pp. 3-13. 
[26]  Woodhouse, J. (2000). Asset Management Decision Making. Availale at: www.twpl.com. 
[27] De Boer, S.J. (1989). Decisions Methods and Techniques in Methodical Engineering Design. Ph.D. Thesis. De lier: 

Academisch Boeken Centrum. Enschede. 
[28] Lowell, R. (2003). Five Successful Shutdown Strategies. Cement Americas. Primedia Business Magazines & Media 

Inc. USA. 
[29] Kerzner, H. (2001). Strategic Planning for Project Management using a Project Management Maturity Model. USA: 

John Wiley & Son Inc. 
[30] Amendola, L. (2003). Application of the Tools for Taking Multicriteria Decisions to the Management and 

Administration of Project in Stoppages of Chemical Plants Processes. In: VII International Conference on Project 
Engineering, Pamplona, Spain.  

 
 

BIOGRAPHICAL SKETCH 
 

 
 
 

 

Luis Amendola, graduated from School of Industrial Engineering of 
Valencia (ETSII) UPV, Spain and Pacific University USA in Ph.D both 
in Industrial Engineering and Engineering Management. He is Chairman 
and Consultant of PMM Institute for Learning (Asset Management and 
Project Management). He teaches subjects related Asset Management and 
Project Management at the School of Industrial Engineering of Valencia 
(ETSII) UPV, Spain. He has over 30 years of industrial experience in oil, 
gas and manufacturing, and written over 200 national and international 
publications in specialized magazines Congress and he is president of 
Global Asset Management.  
 

 Tibaire Depool, graduated from the Universidad Politécnica de Valencia 
(UPV) in 2005 with a Master of Science in Project Management. She is a 
Ph.D candidate in Industrial Engineering. She works as a consultant for 
PMM Institute for Learning and collaborate with The Universidad de 
Valencia in Spain and Univesidad Politécnica de Valencia Spain as a 
project manager. She has over 13 years of industrial experience and she 
has worked in over 20 projects in private and public industries. She has 
written over 40 national and international publications in specialized 
magazines Congress.  
 



Critical Phases for Shutdown of Chemical Processing Plants 
 

 211 

 

Miguel Ángel Artacho graduated from the Universidad Politécnica de 
Valencia (UPV) in 1998 with a Master of Science in Industrial 
Engineering. In 2006 he earned a Ph.D. in Product Development from the 
UPV. He is a lecturer of Engineering Design and Project Management at 
the UPV and he works as research assistant at PMM Institute for 
Learning. Artacho’s research includes reliability, asset management and 
business strategy. 
 

 


