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1. ABSTRACT

The delivery of medium and mega project has been a challenge for a number of 

decades, with attempts made to reduce the associated issues around engineering 

projects implementation. Project delivery before 1950 mainly relates to cost, time, 

and scope, with a lack of documentation pertaining to methods, as well as 

inadequate techniques to achieve a quality final product. The concept of Asset 

Operational Readiness (AOR) emanates in the 1950s from the military as means of 

providing the “developmental state of weapons systems”. The concept gained 

momentum as it was associated with “system safety” in the 1980s for decision-

making.  

AOR can be defined as an establishment of a state or configuration which, after 

completion of the project, “places the right people in the right places at a right time 

working with the right hardware according to the right procedures and management 

controls”.  

The research work covered in this thesis, aims to propose a best-practice AOR 

framework for mega-projects in the power generation industry. A thorough Literature 

Review provides an overview of best practices on the AOR requirements for various 

industrial fields. The survey shows that AOR implementation follows the Project Life 

Cycle Management (PLCM) principles, from conceptual and pre-feasibility phases to 

commissioning and operation phases. In addition, the survey considers 

methodologies and techniques, which aids to enhance AOR framework development 

such as Root Cause Analysis (RCA) exercises. 

The study has provided an opportunity to develop an AOR theoretical framework 

refinement methodology, inclusive of RCA, AOR assessment tools, qualitative 

survey tool, and scoring systems. The AOR best practice framework and refinement 

methodology application to a real mega project case study, with historical data, 

enables a stage wise assessment of each component for individualized performance 

rating. This provides an identification of the areas that require refinement to have an 

improved AOR framework as outcome. 
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The research outcome shows that there are implications for inadequate development 

and implementation of items in the proposed framework. The implications range from 

rework during manufacturing and construction, poor product quality delivery, poor 

performance post commissioning, and overall cost overruns. In addition, the study 

provides evidence that implementation of the AOR framework aids a project to 

realize its potential and yield positive results, which ultimately benefits an 

organization in terms of quality product delivery, cost reduction, and optimal 

Operations and Maintenance of the established asset.    
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3. INTRODUCTION 

The delivery of medium and mega project has been a challenge for a number of 

decades, with attempts made to reduce the associated issues around engineering 

projects implementation timelines and effectiveness  (Krauss, 2014). Project delivery 

before 1950 mainly related to cost, time, and scope, with a lack of documentation 

pertaining to methods, as well as inadequate techniques to achieve quality final 

product (Seymour & Hussein, 2014).  

The concept of Asset Operational Readiness (AOR) emanated in the 1950s from 

military to give the “developmental state of weapons systems” (Kingston-Howlett, et 

al., 2016). The concept gained momentum as it was associated with “system safety” 

in the 1980s and used to influence decision making in corporate environment 

(Kingston-Howlett, et al., 2016).  

Asset Operational Readiness (AOR) can be defined as an establishment of a state 

or configuration which “places the right people in the right places at a right time 

working with the right hardware according to the right procedures and management 

controls” (Nertney, 1987). The expectation is that the environment is psychological 

and physically conducive and functional inclined to allow success (Kingston-Howlett, 

et al., 2016). 

During the decades of progressive investment towards project delivery improvement, 

Asset Operational Readiness (AOR) Frameworks were some of the proposed tools 

to assist eliminating challenges faced in mega projects  (Krauss, 2014). The study 

conducted by National Institute of Standard and Technology (NIST) (National 

Institute of Standards and Technology, 2006) reveals that for United State; only 30 

percent mega project have been successfully delivered on projected timelines and 

cost. The low percentage of successful project delivery remains a concern in modern 

projects as it has been over 3 to 4 decade of engineering project implementation, 

indicating the need for further work aimed at improving AOR frameworks. 

The failure of project delivery has been due to a number of factors outlined in various 

research studies. The challenges which were revealed by Kraus (Krauss, 2014) and 

others relate to lack of experience in areas pertaining to AOR, as well as assurance 
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thereof to effectively and efficiently deliver a project. In addition, modern projects 

have become more sophisticated to deliver, inducing challenges not only limited to 

AOR technical aspect, but also inclusive of non-technical factors such as internal 

and external stakeholder relationship management.   

In a drive to improve AOR in projects, Nertney (Nertney, 1987) and Gerbec (Gerbec, 

2017)  detailed frameworks which show the elements of AOR that need to be 

considered in a project. The intent of AOR unlike project management, does not 

focus on the project delivery time and budget, but rather focuses on the state 

(Operability and Maintainability of Asset) of the end-product as the project transitions 

from Construction to Operations and Maintenance (O&M). AOR framework 

aforementioned is a process which aids the design and execution team, such that, 

there is a smooth transition during project handover of the end-product to the client 

by ensuring that there is a constant self-examination of deliverables (Krauss, 2014). 

There are various AOR frameworks which were developed to achieve a smooth 

transition as aforementioned and these include; AOR throughout PLCM, competency 

factors, risk management plan, and system engineering for people, software, and 

system interface.  

AOR as a process or framework is applicable to medium and mega project 

environment such as capital project, refurbishment projects, and so forth. The AOR 

framework possible utilization includes; energy sector, mining industries, process 

industries, and so forth. The applicability of AOR as outlined by Nertney (Nertney, 

1987), Gerbec (Gerbec, 2017), and  (Krauss, 2014) gives birth to this research study 

to address the challenges as detailed below. The problem statement provides a 

basis for further study on the topic of AOR to aid the engineering and science field in 

optimizing AOR framework. 

3.1. Research Study Problem Statement 

Engineering asset project development has experienced concerns on asset 

maintainability and reliability, which emanates from complexity to deliver and 

maintain advancing technology. The approach used to drive three project elements 

(i.e. cost, time and budget) and overlooking AOR role has resulted in challenges with 
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the Operations and Maintenance (O&M) of the Engineering Assets post commercial 

operation (Seymour & Hussein, 2014).  

Project development challenges include but not limited to; under-specification 

particularly on contract technical & commercial gaps, technical documentation, spare 

parts equipment, engineering models, construction works, maintenance strategies, 

and so forth. In addition, there are numerous design defects, product quality issues, 

and ultimate overall asset reliability issues during Operations and Maintenance 

(O&M) which are evident of challenges pertaining to AOR in a project. 

The aforementioned challenges and gaps with existing AOR theory, have led to the 

present study, purposed to outline an industrial best practice (AOR) framework. The 

Framework will assist by ensuring that the necessary processes are followed during 

the PLCM in order to deliver project (new and refurbishment) to a user, which can be 

maintained and operated in a sustainable manner, for medium and mega 

engineering projects. 

The research study aimed at detailing well-defined best practice AOR framework will 

be beneficial to ensuring realization of the following: 

• The Integrated multi-disciplinary AOR framework provides guidelines for various 

organizations, and in the field of engineering and science, to enhance the project 

delivery in accordance with the specification. In addition, the Framework ensures 

that the equipment is ready for Operations and Maintenance (O&M).   

• The GACS conducted might be able to assist with identification of gaps 

associated with project delivery. The gaps identified will have possible solutions, 

recommendations, and mitigating measures as means of ensuring successful 

project delivery. 

• The engineering asset developed or constructed by an organization benefits from 

the research study, as the study will provide mitigation measures to most of the 

regular occurrences.   

• Detailed preventative guidelines in accordance with world best practice to ensure 

quality product delivery. The guidelines apply to current projects and might 

extend to future new developments.  
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The listed points could ensure that there are reduced failures on the specific items 

selected for case studies, and ensure readiness to operate and maintain. In addition, 

the study serves as a guide applicable to unique assets in ensuring optimal 

performance during operation with high asset availability while having a reduced 

numbers of unplanned shutdown and premature failures. 

3.2. Research Study Approach 

The research study covers literature on AOR frameworks in capital engineering, 

network railways industry, and mining and oil Industry, which later forms a good 

basis for development of sound integrated AOR framework. The Integrated AOR 

framework is applicable to medium and mega green field projects, refurbishment 

projects, and expansion projects sector.  

The theoretical research information obtained through various organizations and 

sectors highlighted above aids to detail AOR framework components for each stage 

in PLCM.  

The key AOR categories which are considered to achieve a smooth transition from 

design and construction to Operations and Maintenance (O&M) includes; AOR 

execution strategy, AOR support (competency, tool, and software), Computerized 

Maintenance Management System (CMMS), risk mitigation strategy, and 

maintenance strategy.  

The outcome of the theoretical AOR framework will undergo validation to ensure that 

the model is practical and can yield positive result when implemented in capital 

projects. The validation involves the use of several AOR framework refinery methods 

highlighted below: 

• Gap Analysis Case Study (GACS) conducted from mega capital project 

equipment assists to validate capability of the Framework, as well as to 

identifying areas of concerns, which require attention. 

• A multi-technique Root Cause Analysis (RCA) used to enhancement the 

proposed multi-disciplinary AOR framework. The RCA application will be on a 

selected GACS as part of improving the AOR framework.  
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• The qualitative survey conducted through the candidates participating in the 

selected mega capital project, to further the understanding of challenges with 

AOR development and implementation.  

• The AOR framework Assessment tool used to conduct GACS supports an 

embedded scoring system to provide indication in terms of confidence with the 

AOR implementation during the PLCM.  

The next sub-section gives a high-level preview of the holistic structure for the AOR 

research study.  
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3.3. Research Study High-level Preview 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: AOR research study high-level preview. 
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4. LITERATURE REVIEW 

AOR is one of the vital elements in Project Life Cycle Management (PLCM) as it is 

the area, which ensures that the resources, right training, spare equipment, 

consumables, licenses, and right information is in place prior to Operations and 

Maintenance (O&M) of the asset.  

The need to carry out the world’s best practice AOR in various industrial sectors 

such as nuclear, processing plant, renewables, oil industry, and so forth, gets 

triggered by the business’ objectives of ensuring that the organizational value chain, 

is sustains and yield the required outcome in terms of the project life costing and 

asset utilization. 

This section explores AOR frameworks detailed on several research studies as well 

as approaches from various sectors. The sectors explored in this section are 

essential to understand the components necessary to establish a best practice AOR 

framework.  

4.1. AOR Framework Requirements and Considerations 

AOR has become essential for all types of industries, and this is evident with the 

challenges various industries face during Operations and Maintenance (O&M) stage. 

The challenges experienced by Engineering Asset projects narrow down to complex 

project execution and integration in line with the business objectives, goals, and 

compliance to regulatory requirements (Seymour & Hussein, 2014).  

4.1.1. AOR Framework Optimization Considerations 

The challenges arising from complex project execution and integration require a well-

structured AOR framework, which ensures a sustained Asset life during O&M phase. 

The literature assessed provides justification of the extent to which AOR can be of 

significance use to alleviate aforementioned challenges.  

The following are areas to consider as means of achieving an optimized AOR 

framework in a project environment (US Department of Energy, 2010): 
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• Do the planning at the right time during the PLCM. Planning takes place in the 

design phase with the aid of all relevant stakeholders to alleviate unforeseen 

circumstances at successive stages. 

• Develop O&M strategies and procedures as part of proactive approach during the 

early stages of the project, and include the non-conformance management. 

• Ensure that there are procedures, which cover every element of the project to 

provide confidence of the state of as-build documentation before Asset handover. 

• Ensure that there is capacity with relevant competence and skills, to design, 

implement, commission, and operate and maintain, the asset. 

• Ensure that there is training programs, and training department which aims at 

developing skill-sets within the Organization. The O&M team must be ready to 

operate and maintain the asset once commissioned. 

• Ensure that engineers, managers, inspectors, operators are accountable for their 

work as part of a control measure for incompetency on performing tasks. 

4.1.2. Industrial Implementation requirements 

Implementation of AOR is required for the following project types in any industry  (US 

Department of Energy, 2010): 

• New facilities: This includes extension of Organization’s infrastructure, and other 

new projects such as new build Power Plants. 

• Significant modification of infrastructure initiated by the business needs to 

improve the current setup. 

• Plant maintenance required due to planned and unplanned shutdowns. 

• Shutdown of plant or system due to unsafe operation conditions which can result 

on catastrophic failure or fatalities. 

According to the PLCM shown on Figure 2 , it is important to understand that for any 

asset; maintainability, availability, and operational readiness is essential for the 

success of the project as well as the final product delivery (Kececioglu, 2003).  
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AOR is a concept intended to quantify the probability that a system will be at the 

required performance level when the need arises for it to operate its function. Hence, 

during the development stages it is required that the asset has all the necessary 

attributes required for ensuring that there is high availability and reliability to enhance 

the productivity.   

 

Figure 2: Project Life Cycle Management that indicates the AOR phases. 

The AOR is not a standalone process, and needs to take into account reliability 

mission and adequacy of the design detail, so that the system is effective. In 

addition, this aids with Asset achieving its mission, functionality, and design intent 

during Operations and Maintenance (O&M) phase.  
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Figure 3: Schematic of a system effective structure which show the AOR, 

reproduced (Kececioglu, 2003). 
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not required, “storage time” which acts as backup or spares, and “operating time” 

which is the time the system is in operation. The expectation provides confidence 

that the Asset is operationally ready to fulfil design intent.  

Figure 3 also shows that the system will require repair, spare components, and any 

other related administrative time in other to restore the state of the system for 

operation. This is in line with the maintainability strategy developed during the early 

stages of the system life cycle. 

4.1.3. AOR Framework Modelling Systematic Methodology 

There are several methods which can be used to model a well-defined AOR 

structure, which can assist to eliminate failures that emanate from construction and 

planning phase, and ultimately impacting Operations and Maintenance (O&M). The 

typical methodology which is discussed by (Jahnig & Agoston, 2016) gives a 

systematic approach to a sound AOR strategy. 

The initial stage of the methodology involves developing and establishing the 

readiness assessment structure. The structure will comprise of the following: 

• The Organizations’ operating model requires clear guidelines and understanding 

by all personnel. 

• Ensure that the AOR assessment factors incorporate personnel, procedures and 

processes, as well as the system or environment. 

•  Clear alignment and assessment of activities and project type. 

The next stage involves conducting an assessment at the necessary stages of the 

project including the planning phase. This stage must include the following: 

• Data acquisition for preliminary AOR assessment to ensure that there is 

information to baseline the implementation. 

• Conduct an evaluation of the information to identify the gaps and issues 

associated. 

• Prioritize AOR gaps based on the risk assessment analysis conducted. 
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The third stage is to ensure that there is proper management to close the AOR 

identified gaps and this must take cognisance of the following: 

• AOR governance and reporting structures are required as part of mitigation 

measures. 

• Management of the activities and execution plan, there is clear responsibility 

matrix, and the risks have a management structure. 

• Progress and activities requires monitoring. 

4.1.4. AOR Framework Alignment Success Factors 

The integration of methodology aforementioned into a PLCM reduces misalignment 

during implementation, and ensures successful project implementation with the 

correct process and procedures. The alignment consideration includes the following 

(Jahnig & Agoston, 2016): 

• The AOR program should align with the activities of the project, and this entails 

synergy throughout the project.  

• The market aspect, supply chain, and equipment require assessment as means 

of enhancing AOR activities. 

• The AOR assessment should include the interrelationship between the 

personnel, hardware or system, and the processes associated. 

4.2. Capital Assets Readiness 

In many capital projects, one of the observed critical phases in a project is during 

commissioning and ramp-up periods, as this is a stage, which plays a crucial role for 

assessing the performance of the newly build asset(s). An article which aims to 

discuss operation readiness gaps between O&M and Construction for new build 

capital projects (DiStefano, et al., 2018), shows that approximately 30 percent of the 

investments or project value is wasted during this period (commissioning and ramp-

up).  
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The ramp-up stage shown on Figure 4 takes place after conclusion of commissioning 

phase, and the aim is to ensure Asset performs optimal, and challenges during the 

O&M stage are alleviated.   

The optimization stage tends to have major issues due to instability and prolonged 

downtime, which contribute negatively to the revenue and profitability of the Asset. 

The poor decisions and oversight made on the early stages have consequences of 

poor performance of the Asset, and this is due to lack of documentation, poor 

specification and design documentation, lack of skills and competences, and 

inadequate O&M philosophy. In addition, the aforementioned relates to failure of 

system engineering process within a project. 

 

 

 

Figure 4: Project life cycle with the ramp-up optimization phase (DiStefano, et al., 

2018). 

There are several benefits with deploying an AOR framework discussed by 

(Christison, 2017) which narrows down to the following points: 

• A well-defined AOR plan will have information, which provides right answers to 

the risks and questions posed during preparatory, and handover stage of a 
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• AOR enables an environment conducive for achieving milestones set in a project 

schedule and business case. 

• There is an improved capability and knowledge from the project team, which 

arise from multidisciplinary interaction and involvement in the preparatory stages. 

This also includes lesson learned and knowledge acquired from training. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Operation Readiness Capital Project model, reproduced (DiStefano, et al., 

2018). 
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There are measures in a PLCM to avoid challenges when operating an Asset, which 

have the potential to a reduced maintenance cost, and are as follows (Christison, 

2017): 

• The transition between design, construction, commissioning, and operation is 

catered for and integrated to meet the requirements. 

• The Operations and Maintenance (O&M) team are granted an opportunity as 

stakeholders to contribute to the design, equipment selection, procurement 

strategies, and commissioning of the asset(s). 

• The Organization should not put pressure on the O&M team to perform less 

maintenance as means of improving production targets impacted by the 

construction team delays.  

There are mitigating measures for the points listed above which are in line with a 

well-organized development and execution system. Figure 5 above shows a Project 

Life Cycle Management (PLCM), which has various Asset Readiness elements at a 

particular phase of the project (Christison, 2017). There are several AOR elements in 

a PLCM, which require attention to ensure that activities execution is in line with the 

mandate of the business, to deliver an operationally ready end-product.  

The phases highlighted in Figure 4 as well as components of Figure 5 give a robust 

program, which can aid to address risks associated with the Asset O&M. The risk 

mitigation measures will require adherence to all elements through the design and 

construction phase of the project. The main items incorporated in an AOR framework 

include but not limited to Asset data capturing, maintenance strategy such as 

FMECA (Failure, Mode, Effects, and Criticality Analysis), condition based strategies, 

risk and maintenance management system, as well as skills and competency 

training.  

4.2.1. Operational Readiness of Physical Assets 

The section covers the physical Asset examples, which includes an electricity 

production plant as well as an electricity transmission network. The principles from 

these examples would also apply to other sectors, although not considered here.   
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4.2.1.1.  Generator Operational Readiness 

There are several preparatory activities, which lead to sound AOR. These activities 

are important as they supplement the more intensive portion of operation readiness 

activities, which occur in the start of the construction as shown on the figure below 

Figure 6.  

In practice, there are events, which cause variation on the roles and responsibilities 

of the team, and this calls for integration of activities as part of management support. 

Figure 6 illustrates the PLCM Overlap with operational readiness activities. AOR 

assists to integrate all development and construction activities with the plant start-up 

requirements. Items that need to be considered for Asset turn-over are as follows 

(Gardner, 2001): 

• The unit or system must have defined criteria for acceptance, and clear guide on 

closing of punch line items. The compliance permit for environmental 

consideration must form part of the key elements. 

 

 

 

 

Figure 6:  Life Cycle model with the Asset handover key stages, reproduced 

(Gardner, 2001). 
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• The adopted contract must have a clear guide on what to deliver. 

• The personnel involved at any stage of the project need to have training as 

means of addressing issues of skills and competency.  

The AOR is a critical aspect of ensuring that there is proper control of the product 

delivered, and independence is of paramount importance as means of assuring that 

there is objective and impartial assessment required for successful asset readiness 

(Jacobi, 2009). The adopted contract will have specifications for unit start-up, 

turnover, and approval of the plant. The plant will have a warrantee and warrantee 

period as stipulated by the employer’s contractor, and that will cover defect(s) which 

arise from operating the plant.  

Warrantees do not provide sufficient assurance for correction of plant latent defects 

post asset handed over, as there are challenges, which the client encounters, such 

as contractors claiming that a failure was due to client or operators’ negligence 

(Jacobi, 2009). 

4.2.1.2.  Generic Transmission Infrastructure Readiness 

Smart Grid technology is an essential role player within the electricity supply industry 

and can assist to alleviate incapability to deal with the complexity of the grid system 

(Tugurlan, et al., 2011). The need to move towards the smart grid technology is due 

to the benefit thereof, to integrate the electricity grid system, complexity intelligence, 

and computer technology. The benefit also aligns with the need to include the green 

energy in the grid in a stable and sustainable manner.   

The smart grid software technology readiness discussed by (Tugurlan, et al., 2011) 

shows that there are significant areas to consider which include; basic mathematical 

model, applicability of the concept, system analysis, integration, as well as  

implementation of the concept in order to have a technology which can be integrated 

to the end-product. 
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4.2.2.  Pilko AOR Overview for Capital Projects 

Pilko is one of the Organizations which invested time to understand the industrial key 

areas which include; operability, environmental, safety risk, and health. The paper, 

which has been, published deals with transition of new build capital project to reliable 

commercialized assets. The paper discusses some of the key elements of AOR, 

which caters for; value chain, operational risk, and incident benefit, as means of 

effective and efficient delivery of a project (Richter, 2018). The five key elements are 

as follows: 

• The first area to detail in a successful AOR model, relates to Organizational 

vision alignment to the Asset acquisition. The design, implementation, and 

planning team must take cognisance of the benefit of maximizing the output, as 

well as lowering the associated cost during execution stage. The vision 

communication and integration to all key departments and stakeholders is of 

paramount importance. 

• The project needs to have key performance measures, which align with the 

business model for operations. A best-practice measuring model requires 

historical events and other international experiences, to ensure a well-defined 

metric structure.  

• The operations plan communication to every personnel taking part in a project 

ensures synergy for all activities in the PLCM. The sequencing of activities and 

resources optimization will play a vital role in the implementation phase, and 

reduce unexpected costs to the project. 

• The right detail is required for deliverables of a project as this has major 

contribution to the success or failure of a project. The deliverables such as the 

maintenance philosophy, commissioning procedures, performance procedures, 

operation strategy, and so forth, must be one of the major considerations.    

• Consistent communication in a project is one of the key elements to enhance a 

culture of continuous alignment with Business vision. This is to ascertain if the 

project delivery aligns with the plans and fulfils regulations requirements.  
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4.2.2.1. AOR Key Success Drivers  

There are drivers for AOR in any project such as capital project, modification or 

retrofitting, or other interventions, and a specific team needs to be deployed to 

ensure that there is alignment between implementation and Business governance 

and procedure (Richter, 2018).  

The team responsible for AOR implementation should close all gaps from planning 

phase to the handover phase. It should be noted that the intervention of an AOR 

team will perform reviews during idea creation, conceptualization and detailed 

engineering design, as a front-end activity to provide assurance that the deliverables 

from the engineering team are on track, and are executed within the correct stage of 

the PLCM. This will aid in delivery of a safe and high-quality final-product to the client 

(Richter, 2018).    

4.2.2.2.  AOR Process Components  

The starting point for AOR modelling is to understand the role of developing and 

baselining an integrated AOR review process. This enables stabilization and assists 

to streamline operations requirement within shorter timelines, which in essence, 

becomes vital to the delivery of a seamless product.  

The AOR review requires systems and processes which includes; personnel 

competency, SHE model, supply chain readiness, safety, automation and incident 

prevention model, hazard analysis, commissioning and start-up processes, 

operations readiness on takeover, and risk mitigation plans (Richter, 2018). 

The aforementioned process and system areas are of great importance as they have 

an ability to influence the success of project delivery. The secondary element to 

consider is the management or leadership support to enable the AOR team to play 

the role required. The leadership needs to provide adequate oversight throughout 

the project (Richter, 2018).  
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4.2.2.3.  Benefit for Improved AOR Model 

There are several benefits for implementing a well-defined AOR model, which has 

the minimum requirement for success. The aforementioned systems and processes 

will provide assurance on the following (Richter, 2018): 

• Reduce risks during operation from well-executed implementation plan, 

commercialization of the Asset on the planned time, Asset delivery in a safe and 

reliable manner, time reduction to avoid material degradation and compromised 

quality. 

•  Ensuring that the quality, plant standard, and maintainability of the Asset is as 

per the user requirements. 

• Ensure alignment of project drives with project deliverables through an integrated 

and well-implemented AOR review processes and reporting methodologies.  

4.3. Project Management AOR Overview 

AOR is one of the major areas in a project to aid in providing the necessary 

assurance, and in many instances, there is a perception that is an activity, which 

needs to take place on the final stages of implementation as a pre-commissioning or 

commissioning measure. In modern times AOR has been understood as one of the 

integral elements for Asset delivery, which needs to be considered, as it acts as 

preventative measure to failure of a project. There are considerations that AOR has 

a risk management activity in a PLCM or delivery process due to its influence to aid 

in delivery of a high quality product through a well-defined delivery model (Krauss, 

2014).  

The AOR team has its own requirements and one of the requirements is to provide 

mitigation measures for all the project risks. The AOR team provides oversight on 

the register used for risk management of the gaps in the project, and through this 

intervention, there is understanding of all AOR threats in a project. The assurance 

aspect of AOR is an embedded feature in a project, which makes it easy for the team 

taking over the Asset for O&M.   
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The following sections cover; AOR requirements, AOR System integration 

components, and support necessary, which forms part of success factors of a 

project: 

4.3.1. Project AOR requirements 

The AOR requirements discussed in this section are in line with details by Horizon 

Power Corporation ( Barnes, 2018).It is clear that there is a need for an organization 

to invest in all the necessary AOR activities. The following gives the minimum 

requirements for AOR model as discussed by Horizon Power Corporation ( Barnes, 

2018): 

• The AOR Review intent is to achieve readiness of the plant or equipment prior to 

startup for purposes of commissioning, optimization, and operation. The 

Operational Readiness will have a dossier, which consists of several documents 

for review by the AOR team. In addition, an inspection of the relevant Asset is 

required.    

• The dossier documentation must include but not limited to; procedures, artifacts, 

roadmap, standards, manuals, pre-commissioning and commissioning, method 

statement and risk assessment, field manuals, and interphase tracking list. 

The trigger for review of the aforementioned dossier, and carrying out relevant 

inspection, is to validate and verify all data captured in the documentation. Table 1 

gives roles for each stakeholder as clarification of the boundaries in a project sphere, 

vital before carried out activities. The confirmation required to ascertain the state of 

the Asset is as follows ( Barnes, 2018): 

• The Asset is required to be safe to energize for purpose of commissioning and 

operation. The safety boundaries governed by the relevant bodies such as the 

DoL, ISO, and other local bodies affected by the energization. 
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RESPONSIBLE PARTY ACTION 

Delivery & Project 

Manager, Project 

Director, Main 

Supplier 

Development of AOR dossier as per the handover matrix 

requirements. 

Main Supplier, Project 

Manager 

Management of identified actions that cannot be resolved. 

Provide support by engaging with the O&M 

representatives on possible concessions and changes, 

which are imperative. 

Design Team, Main 

Client 

Develop, sight, and review and approve technical 

documentation such as isometric, drawings, and detailed 

designs that forms part of the Dossier developed.  

Operations Readiness 

team,  

Provide support in the verification and validation process 

of the dossier to ascertain the completeness thereof. 

Inspect the equipment based on the developed critical 

item checklist, and document the results and produce a 

lesson-learnt document. 

Internal Organizational 

Stakeholder 

Conduct a review of all the documentation to provide 

assurance that the procedure, processes, and 

specifications are optimal. 

Table 1: Responsible parties in the AOR review process ( Barnes, 2018). 

• The asset quality need to be of international standard to ensure that the end-

product is ready physically, and constructed as per the design requirements. This 

will also require that, pre-commissioning documents and checklist are developed 

and approve on the right time to ensure smooth commissioning. 

• AOR team needs to ensure the operations team has sufficient budget and 

resources (software, tools personnel, etc.) to assume the duty of operating and 

maintain the Asset.  

The operations team must have the necessary training or competency to perform the 

“works” during asset operation. 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

23 | P a g e  
 

4.3.2. AOR Component System Integration   

System engineering as outlined by US Department of Defense (Office of the Deputy 

Assistant Secretary of Defense for Systems Engineering, 2017) provides insight on 

ISO/IEC 15288 standard for project delivery. The standard provides an overview of 

establishment of a framework which could be utilized in a project life cycle. The 

consideration includes the physical system, system engineering processes, human 

interface, software, data, and procedure. The need for system engineering arises 

from its influence in ensuring that a project aligns with the business expected 

outcome from the initial to final stage of the project.   

The expectations from the system engineering perspective will include; the 

stakeholder relationship, agreement and requirements, concept formulation and 

evaluation, as well as providing the necessary support for successful asset delivery 

(Krauss, 2014). The synergy provided by a well-implemented systems engineering is 

mainly to eliminate the gaps in projects which emanate from the interphase between 

people, tools, and processes. 

4.3.3.  Project Support  

The project support section covers three main areas of AOR which includes; 

capacity and competency requirements, handover readiness of a project, and Asset 

performance requirements. 

4.3.3.1. Competency Requirements 

Competency in a project is one of the major elements, which should never be 

isolated from the AOR framework as this has major consequences. The AOR team, 

operations team, and maintenance team, has difference attributes which are critical 

to the success of operational readiness (Krauss, 2014). 

In the initial stages of the project, the design team often works in isolation from the 

Operations and Maintenance (O&M) team, and this leads to documents such as, 

maintenance philosophy not adequately developed to meet the requirements of the 

take-over team. 
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Figure 7: Operation readiness competency model (Krauss, 2014). 

Involvement of the O&M team in the early stages of the project has major benefit, 

particularly to ensure that all the teams are aware of the modifications or changes in 

design, as well as changes made to operability and maintainability documentations. 

The O&M team requires training at early phases of the project to understand the 

O&M requirements, and gain awareness of the technologies and modifications.  

4.3.3.2. Project Asset Handover  

Asset handover is a transition process from construction to takeover and operation of 

the Asset, normally carried out between the service provider and the client 

(Transport Asset Standards Authority, 2018). The process aims at shifting the 

ownership and responsibility to the Operations and Maintenance (O&M) team, and 

this is applicable to new asset and modifications. Handover matrix is often a tool 

used in a handover (HO) stage of a project to outline the acceptance criteria as 
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means of assuring smooth transition from design and construction, to takeover 

phase. 

4.3.3.3. Managing and Evaluating Engineering Asset Performance  

Engineering asset performance has become a significant part of ensuring a Business 

meets its objectives and goals by evaluating and managing the assets in a 

continuous basis. This becomes one of the elements fulfilled to ensure that the 

equipment last for the duration stated on the OEM documentation. The asset 

performance evaluation aims to prolong the life of the asset, by alleviating 

negligence, which results in unexpected failures.  

The study by ( Mo & Saidi, 2014) deals with Engineering system support and 

structure for performance scoring, and it is important to understand the performance 

of the asset. The systematic process caters for several aspects of the asset in terms 

of human, physical, and process perspective, as means of enhancing the conditions. 

Figure 8 depicts typical performance evaluation methodology, conducted for 

industrial manufacturing process. 

The performance equation in Figure 8 consists of three parameters for evaluation 

purpose. The X, Y, Z (human, physical, and process) parameters are sum of the 

weight in terms of ranking. The sum is based on the several sub-elements of each 

major aspect (i.e. human) of manufacturing. A performance measure will be a tool 

used to justify any changes or improvements on the process, and such model of 

evaluating the performance will require continuously improvement to meet the 

changing environment and technology in the Business. 
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Figure 8: Proposal for Process Industry performance evaluation ( Mo & Saidi, 2014). 
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4.3.4. Project Management AOR Framework 

Asset readiness is a process, which needs to be active as the project commences, 

and implemented within the Business goals and objectives. The inclusion of AOR in 

a project during initiation, requirement definition, design, and implementation phase 

is mainly to ensure the organization is ready, and enables adaptation to the 

proposed changes. In addition, the aforementioned also enables design alignment 

with the environmental requirements, and ultimately assists with effective O&M 

requirements (Gardner, 2001). 

Figure 9 shows a PLCM from project management perspective as understood by the 

project management Institute Inc. (Gardner, 2001). The key areas are broken down 

into; baseline, setup, readiness tools, and plans and artefacts for implementation. 

The listed key areas are as follows: 

• Baseline:  The baseline sets the tone for assessing the condition of each of the 

factors, which might influence the successful implementation of the project. The 

assessment phase will have baseline and re-baselining to ensure capturing of 

details required as the project progresses.    

The factors which are baselined include; the culture, systems setup and 

infrastructure, process for operating, functional relationships and interrelationship 

as highlighted in  Figure 12, budgeting and applicable investments, facilities and 

inventories, IT systems, training availability,  as well as project contingencies. 

These factors play a crucial role in ensuring that AOR is achieved during the 

development of the project, and once the necessary details have been produced 

the project plans are then updated to suit the project vision.  

• Project Arrangement: The project setup needs to take into account the items 

listed during baselining, as those items align with the project management 

(including project team) responsibilities to ensure AOR is implemented 

throughout the PLCM. The reviews, which the project team and management 

partake in, improve implementation to aid with the broad view of benefits 

associated with the end-product benefit the client. This means that a continuous 

assessment is inevitable in a project when aiming to supply a good product. 
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• Readiness Elements: The element that assists during project phase to do a 

thorough assessment on the readiness to operate includes; prefeasibility 

assessment tools, execution checklist, risk assessment tools, and communication 

process.   

The pre-assessment provides an overview on the readiness state of the project, 

and aid to provide insight on the changes associated. In addition, pre-

assessment also aid with; amendment of milestone target, understanding of the 

RACI structure arrangement, end-product requirements definition, feedback 

communication plans, and stakeholder relationship.  

The execution checklist provides a stepwise process for all intervention points, 

which the implementation team should adhere to when performing the activities 

detailed in a PLCM. The assessment of the associated risks provides a matrix for 

all the threats concomitant with the project throughout the PLCM.  

• Plans and Artefacts for Implementation: The plans and artefacts for 

implementation include the templates to capture all the progress in each stage of 

a project. This covers the approach, which defines the direction necessary to 

deliver the end-product. The Plan should include the breakdown provided in 

Table 2 and Figure 3.  

The areas detailed above and Figure 9 provides a good basis for AOR, and alludes 

to which of the areas each element of AOR requires per PLCM phase. This rather 

requires synergy during implementation of each element of AOR process. 
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Figure 9: Project management operational readiness key elements, reproduced (Gardner, 2001). 
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4.4. AOR Standards Overview 

The AOR Standard overview section aims at providing insight on AOR perspective, 

particularly for bodies of standards. The section covers overview of AOR from EPRI 

as well as US DoE as a minimum amongst other standards which were not 

considered as part of the literature review. 

4.4.1.  AOR Inter-operability Framework 

There is a drive to convert the grid systems to a smart grid, and institutions such as 

EPRI have invested a vast amount of time in research to aid with implementation 

aimed at achieving an adaptive and stable grid system.  

The requirement to achieve a stable grid system remains a driver by several 

Organizations, and there are initiations to fund projects aimed at collecting data that 

can be utilized for improvements thereof. The data collected provides a good basis 

for planning, operation, and maintenance of power equipment to meet the 

requirements of a smart grid.   

The National Institute of Standards and Technology (NIST) was mandated to 

coordinate development of a framework which covers protocols and model 

standards, that enables management of information in order to successfully meet an 

interoperability of smart grid system (National Institute of Standards and Technology, 

2014). NIST has detailed a framework for smart grid interoperability standards, which 

gives an overview of all necessary attributes for implementation thereof. 

Table 2 gives an overview of the key areas, considered as drivers in an organization 

to strengthen the multidisciplinary integration. In an Organizational structure the 

technical, information technology, and organizational makeup, will be essential for 

the success of the AOR as these areas provide synergy to best address the complex 

developmental environment.    

Figure 10 provides elements embedded in the Inter-operability composition, which 

include configuration, operation and improvement, and the risk factors.  
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MAIN 

DRIVER 
SUB AREAS DESCRIPTION 

Technical 

Basic 

Connectivity 

Relates to Inter-connection and synergy of 

equipment particularly, system for optimized 

outcome. 

Network 

Interoperation 

Communication between different systems using 

signals, operation room monitoring, and so forth. 

Syntactic 

Interoperation 

Knowledge to interpret the signal and specific 

reports from the communication issued. 

 

Information 

Semantic 

Understanding 

Knowledge of the concepts developed as part of 

drive to achieve operational readiness 

Business 

Context 

Clear understanding of the business goals for 

interrelationship of information and systems 

 

Organization 

Business 

Procedures 

Integration between business mandate of 

operation and the applicable process and 

procedures 

Business 

Objectives 

Strategic and tactical objectives detailed in the 

Organizational strategic plan. 

Economic and 

Regulatory 

Policies 

Political motivated and economic objectives as 

prescribed by the regulatory bodies and the 

government. 

 

Table 2: Inter-operability composition overview (National Institute of Standards and 

Technology, 2014). 

The NIST institutes’ architecture on Smart Grid has five key conceptual areas, which 

include:  

• Specifying the dimensions and objectives to meet the requirement of the national 

grid system while taking into account the policies associated,  
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• Develop a well-defined and formalized list of requirements, detailing all the 

business services to meet customer needs and demands,  

• Automate services where necessary, and integrate the communication system 

and the business services for optimum performance (National Institute of 

Standards and Technology, 2014).  

• The concept phase forms part of the envisaged process, which covers concept 

logic that integrates generation with distribution, physical execution, and 

implementation. 

 

Figure 10: Elements of the Interoperability structure for optimization of AOR 

(National Institute of Standards and Technology, 2014). 

Table 2 and Figure 10 provide a good basis for structuring the AOR plan for a 

system so that there is a successful and a comprehensive final product with the 

required competence and skills. 

Organizations such as EPRI have identified three main readiness elements 

(Knoxville, et al., 2015) which are necessary for the success of readiness 
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capacity, and process application. 
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• The process level: This provides a stepwise approach, Organizational structure, 

and engineering and automation of the interconnection process. 

• The functional level: This provides insight into the interconnection status. 

The aforementioned items need to take into consideration when designing a 

successful AOR for an Organization. The indicators assist to ascertain achievement 

of AOR process targets in each project gate of the implementation stage. 

4.4.2.  Department of Energy AOR Framework 

The United State Department of Energy (US DoE) defines AOR as a configuration 

which aims at optimizing all necessary resources (personnel, software, hardware) 

during the initial stages of a project, while taking cognizance of the applicable 

procedures and management controls (Nertney, 1987). This implies that for 

adequate and effective Operations and Maintenance (O&M) the assets should be in 

a  state, which does not compromise the integrity and functionality thereof.   

Figure 11 shows that the process which needs to be followed in the life cycle (LC) of 

the asset. The development towards AOR is on a clear knowledge of the procedures 

and processes involved with the systems.  

Safety clearance of the system for operation requires that the technical 

specifications, operating limits, management controls, and quality assurance 

requirements, detailed to an extent to which there is a clear alignment and 

interoperability between different systems and departments. 

AOR achievement entails that the elements highlighted on the Figure 12 have 

provision in the AOR phases as indicated in Figure 2. Figure 12 shows that there are 

six elements which needs to be taken into consideration, and include Organization’s 

procedure, equipment and hardware, personnel, as well as the link between the 

procedure and hardware,  procedure and personnel, and also personnel and 

hardware. The aforementioned elements require process in place, which will ensure 

successful implementation of AOR in project.  
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Figure 11: Development Cycle through PLCM, reproduced (Nertney, 1987). 

In Plant systems, which are complex, there is a need to have the correct analytic 

models that will aid to track all the elements listed above. The analytic model should 

have a structure, which associates the various elements as well as ensuring that the 

management, supervisory, and operating structure enable a seamless alignment 

with the plant structure (Nertney, 1987). 
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4.4.2.1.  Physical Equipment Challenges  

The gaps and catastrophic failures (i.e. floods) in a newly commissioned system are 

good indicators of systems, which are not operationally ready for the intended 

purpose. This narrows down to the process steps detailed in the elements 

highlighted in Figure 3. 

The cases whereby the team has no control over such as weather related 

occurrences, provision should be included in the design. An illustration can be a 

lightning strike threats alleviated with a proper grounding techniques, as well as 

other catastrophic events, which requires a detailed recovery plan in place as a 

mitigating factor. 

4.4.2.2.  AOR Process Monitoring  

In any Organization, it is essential to implement tracking mechanism, which will show 

progressive status over the AOR phases. The systematic tracking method provides 

an indication of how the operationally ready the plant or system is for client takeover.  

It should be understood that the final inspection or safety clearance of a system is 

merely to finalize allow for start-up, which does not indicate rework emanating from 

the optimization phase. AOR requires consideration of all necessary measures such 

as visuals, inspection, testing, and acquire all the necessary documentation or 

records for the work performed. 
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Figure 12: Operation Readiness interrelated project elements, reproduced (Nertney, 1987). 
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4.4.2.3.  AOR Component Assessment and Support 

There are five areas in this section detailed by US Department of Energy (DOE, 

2010). The areas will not necessary be applied similar to different systems or plants 

due to the level of complexity of each system, and this requires understanding of the 

technology to circumvent implementation of unnecessary procedures and processes. 

The areas as detailed by US Department of Energy (DOE, 2010) are as follows: 

• System or Plant start-up needs consideration means that process and procedure 

should be in place to aid the managing team when assessing if the minimum 

requirements are met to start-up the system. This consideration needs to cover 

the design documentation, Operations and Maintenance (O&M) philosophy, and 

personnel proficiency to takeover. The changes and modification documentation 

is required through the correct systems, and includes any defects or concession 

communicated to the client. 

• There are cases whereby the readiness review is not considered, and such 

entails that there is a guide from the Owner Equipment Manufacturer (OEM), 

which details the processes, procedures, and Operations and Maintenance 

(O&M) philosophy. The guidance requires a high level of understanding of the 

system implemented to ensure that there is no compromise on the quality. This 

event is mostly associated with the systems whereby the manufacturer assumes 

full accountability, with provision of insurance and warrantees. 

• Hazards form part of the factors, which require oversight, and the management 

includes identification of the hazards and the risk level for every system or 

equipment. The hazards identified will require classification in order to determine 

the likelihood of their occurrences as well as the impact thereof. A complex 

system might not only require skilled personnel but has a potential of increasing 

the risk associated with commissioning, operating, and maintaining of the Asset. 

AOR requires plan of action, which elaborates, on the steps needed for successful 

implementation of a sound Operation Readiness elements. In addition, it is essential 

that coining of AOR strategy is specific to a sector or industry to ensure that there is 

adequate alignment. 
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4.5. Rail Industry AOR Framework 

The product service guide developed by the network rail organization (Network Rail, 

2017) covers a variety of Readiness Levels, which includes multiple Asset areas. 

Figure 14 and Figure 15 show the asset readiness framework. This section of the 

paper as a minimum covers technology, manufacturing, integration, system, 

software, and reliability readiness level, which appear in the figure aforementioned. 

This model is for railway industry but the principle behind the readiness assessment 

implementation applies in various sectors or organization with Assets. 

4.5.1.  Physical Asset Readiness assessment 

Technology Readiness Level (TRL) scaling is a development of NASA which has 

received plenty of attention from the various entities due to its applicability in order to 

meet organizational goals and objectives ( Olechowski, et al., 2015). The TRL Scale 

is a tool used to assess the readiness of the technology in question from the pre-

conceptual phase to the production or deployment phase of the project. 

The TRL developed includes nine TRL stages which deal with the basic 

considerations, technology overview, proof of the concept, validation of the concept, 

prototype development and testing, and product or technology readiness to operate. 

The stages are designed to measure if the technology is matured enough to perform 

desired duty, and this has assessment milestones (Bakke, 2017).  

The article by Animah and Shafiee products (Animah & Shafiee, 2018) shows a 

proposed way of evaluating the maturity of the technology as well as commercial 

readiness for end-of-life. Although the strategy is meant for end-of-life, it is important 

to understand that the strategy could be used for evaluating technology for capital 

projects. In the TRL concept, there are other considerations which need to be taken 

into consideration due to the significance they provide towards the objectives set, 

such as the commercial process or funding related to the technology and evaluation 

thereof. The commercial aspect of the TRL is considered through a well-developed 

Commercial Readiness Level (CRL) which outlines the means of evaluating the 

readiness to fund or finance the entire “works”.  
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4.5.2.  System Integration Readiness Assessment 

The study by Ross (Ross, 2016) details the scientific side of Integration Readiness 

Level (IRL) and shows readiness levels interconnectivity in order to achieve the best 

possible solution. The study further details the various areas outlined below: 

• Identification and Characterization: In this stage, there is knowledge for the 

interface for the technology required and there is enough data to do a thorough 

planning as means of ensuring integration readiness. The details for the 

integration process need to be in schematics and conceptualized so that there is 

a clear guide for implementation. 

 The human factor in this stage will entail identification of necessary resources 

and confirmation of right skill availability. The characterization will require that the 

input and output for the integration are well understood and identified. 

• Compatibility: The order and interaction between the sub-technologies in terms 

of coding language, assembly is well understood. The qualitative detailing of the 

interface ensures elimination of the impact of system modelling. 

• Quality Assurance: The quality assurance ensures that the technology is 

delivered without any compromises, and the product is of the state of the art and 

high quality international best practice. 

• Controls and Information: The controls in place are necessary to mitigate the 

risk associated with the technology and the interfaces thereof. The control should 

ensure that the interfacing or interrelationship between all applicable elements of 

the technology and asset readiness.  

• Verification and Validation: The verification and validation of the technology 

requires that the correct and effective model or Framework be in place to ensure 

assessment of the end-product to meet the requirement without overlooking any 

significant item associated. This also ensures that the product adopted has gone 

through the necessary process that aims to optimize the performance of the 

technology for high productivity during operation. 
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• Finalization: The finalization stage is to ensure that the technology is ready for 

the purpose intended for without any compromise on the integration, safety and 

environmental aspect, technical integrity, functionality, as well as operational and 

maintenance effectiveness. 

4.5.3.  Manufacturing Readiness Assessment 

There are several elements of manufacturing readiness level, which require careful 

consideration during maturity of a technology or product to ensure optimum quality 

assurance. The elements outlined below are in line with international best practice as 

detailed by NREL (Wheeler & Ulsh, 2010) and US Department of Defence (OSD 

Manufacturing Technology Program, 2011), and the elements are as follows: 

• The basic manufacturing preparatory and conceptualization is one of the key 

initiation stage of Manufacturing Readiness Level as this phase aims at 

identifying the risks associated with the execution of the project Assets prior to 

erection or construction. The application identification and concept verification 

forms part of manufacturing readiness requirements to ensure quality final 

product delivery. There are various organizations, which have seen major gaps in 

this stage of their projects, and this had high contribution to the misfortune of the 

final product while having severe impacts on the maintenance stage of the 

project. 

•  There is always a need to produce a prototype for any technology which will be 

utilized by a business, this is mainly to ensure that the necessary Factory 

Acceptance Tests (FAT) are performed, which deem the product fit for purpose. 

This stage of capacity verification also includes the assessment of the material, 

the welding process requirement, and other testing methodologies such as Non-

Destructive Testing (NDT) as well as destructive testing. This stage will cover the 

capabilities in the laboratory, the prototype (components, subsystem, and 

systems) manufacturing capabilities, and simulate the prototype to ascertain the 

environmental impact during storage, construction, and operation. 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

41 | P a g e  
 

 

Figure 13: High-level process flow showing a stepwise assessment of manufacturing 

readiness, reproduced (Okes, 2009). 

• The previous stages are providing  assurance that the product can be produced 

for commercial use and it is expected that all errors identified during prototype 

development and testing are resolved prior to any commercial production 

whether low production rate or high production rate. The key in this stage is that 

there is no doubt in terms of the performance, RAM, quality, Engineering 

integrity, and logistics to relevant site or location.   

There are several means of assessing Manufacturing Readiness Level (MRL) and 

the flow process depicted on Figure 13, gives a high-level sequence to achieve 

readiness during manufacturing. 
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Step 6
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Step 4

Contractor made aware of the areas  of the assessment 

Step 3

Setup and Equip the team for the assessment

Step 2

Do proper planning and produce a schedule for assessment 

Step 1

Define the Scope for the Manufacturing Readiness assessment scope
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Figure 14: Railway acceptance criteria which cover IRL, TRL, and MRL, reproduced (Network Rail, 2017) 
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4.5.4.  System Readiness assessment 

System readiness assessment is one of the necessities for a sound product delivery 

as this assessment provides system assurance to aid in mitigating any associated 

risk. System Readiness Level (SRL) assessment main role is to ascertain if the 

system is at a right state and maturity for purpose intended. This does not only deal 

with the maturity but it also helps to verify the performance of the system for the 

intended purpose and provides assurance on the integration of each component to 

achieve an optimized design (Austin & York, 2015). In addition, a system is 

satisfactory if it has met the stakeholder requirements, well integrated to obtain 

flawless operation and functionality, meeting the required performance at the 

specified capacity, and meeting the environmental requirements (Mabelo & Sunjka, 

2017). 

System Readiness Level index consists of five elements but the breakdown differs 

slightly depending on the approach used and the intention. SRL covers as a 

minimum the following ( Sauser, et al., 2006):  

• Product conceptualization caters for system strategy development,  

• structured technology integration while ensuring reduced technology risks,  

•  system development and pilot demonstration,  

• Technology or system production and ensuring that the criteria are met for 

operational requirement,  

• Operational and support whereby the operational needs are catered for in terms 

of maintainability, sustainability, reliability, and cost-effectiveness of the life of the 

asset. 
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Figure 15: Railway Acceptance criteria which cover SRL, SwRL, and RRL, reproduced (Network Rail, 2017). 
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4.6. Mining and Oil Industry Project Readiness  

 AOR has become essential for all types of industries due to the challenges various 

industries face during the O&M stage. Project such as oil, gas, as well as chemical 

have noticed an increase in terms of its sophistication and project or plant scale 

which calls for a good AOR program which can ensure that in operation there are no 

issues or any catastrophic which will result in high maintenance costs.  

The major contributory factor to high cost is the challenges that arise when 

commercializing the Asset and this has resulted in cost and schedule overrun in 

many project (Bond, 2017). Some of the challenges arise during resource 

optimization, logistics, and equipment acquisition. Understanding of the 

aforementioned challenges will assist to reduce any risk during operation through a 

systematic process, which can verify the health of the plant and integrate with the 

right skill-set (Asia Industrial Gases Association, 2017). 

4.6.1.  Readiness Related Challenges  

Projects have reality according to (Asia Industrial Gases Association, 2017), which 

requires well-structured AOR approach as a mitigation measure and there are as 

follows: 

• Increase in project complexity and sophistication require processes and 

governance from the business. 

• Regulatory requirements that are constantly changing, and resulting in an 

increased risk of compelling the business to phasing out of certain systems. 

• Geographic setup resulting in challenges relating to skills and competency 

capacity, logistic and supply chain, and political and socio-economic instabilities. 

• Staff and resource levelling related changes. 

• Customer demands leading to projects pressured to deliver a product even in 

cases where it is not realistic to do so. 
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4.6.2.  AOR Remedies for Challenges 

An AOR framework, which can enhance performance of a business during operation, 

will require a practice that can remedy most of the challenges, or all challenges 

aforementioned to a certain extent are as follows (Bond, 2017): 

• Do the planning at the right time during the LC, which entails planning in the 

concept and design phase with the aid of all relevant stakeholders. This will 

reduce unforeseen circumstances at the operating stage. 

• Develop O&M strategies and procedures during the early stages of the project as 

means of proactive action. In addition, this should include the non-conformance 

consideration. 

•  Ensure that there are procedures which cover every element of the project to 

provide confidence on that there is as-build documentation at the end of the 

project 

• Ensure that there is capacity with the relevant competence and skills to 

commission and operate the plant. 

• Ensure that there is training program and a department which aims at 

development of skills within the Organization. The operator must be ready to 

operate the Asset once commissioned. 

4.6.3.  Mining and Oil Industry AOR Framework 

In the field of oil and mining process safety operational readiness is an essential 

element as it forms part of the “risk based process safety” (Hendershot, 2014) and is 

also an element which is associated with the safety standards intended for best 

practice standardization of safety aspect of pre-commissioning in new and modified 

plants. The needs for a more stringent approach for chemical industries arise from 

the complexity and high hazardous nature of the field. The AOR required is not 

merely a formalization of the structure but it is intended to deal with the gaps in the 

processes by intervention which can assist with a detailed verification and correction 

of the procedure and governance. 
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4.6.3.1. Flour Corporate AOR Framework 

Flour Corporate has detailed the elements which exist during the life cycle of a 

facility or plant, and the elements include maintenance readiness, operations 

readiness, systems or equipment readiness, LC Activity support readiness, 

Organizational readiness, logistic and supply chain readiness (Flour Corporation, 

2011). The Section below will detail the aforementioned readiness element as shown 

in Figure 16.  

a. Operational Readiness Establishment: Operational readiness planning is an 

involved part of the entire AOR framework, and it includes Organizational tasks, 

responsibility and roles associated training and competency establishment, the 

O&M strategies, certification & accreditation, and material management.  

The other areas include; plant start-up, production ramp-up, risk assessment, and 

identification of any opportunity, which enhance the performance of the project.  

b. Capacity and Resource Levelling Planning: The capacity establishment 

consideration is at the early stages of the project life cycle as shown on Figure 

16. This area covers the analysis of the local capacity, community analysis as a 

due diligence study, site development and selection, and permitting through 

environmental assessment studies. 

c. Maintainability Readiness Establishment: The establishment of maintenance 

readiness involves the following: 

• Reliability, Availability, and Maintainability (RAM) Model Implementation. 

• Monitor all activities to enhance the maintenance strategy performance. 

• Optimize spare parts management and acquisition. 

• Align maintenance department with the commissioning activities and 

agreements. 
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Figure 16: AOR with integrated sub-areas applicable for various projects, reproduced 

(Flour Corporation, 2011). 

d. Equipment and System Readiness Establishment: The system or plant 

readiness incorporates system strategy from the design phase to the construction 

and commissioning phase while ensuring that there is; overall information, 

database created, tools and facilities established, and the right personnel 

manages the systems. In addition, this also involves integration of the IT model 

with the system for adequate communication. This areas needs to take 

cognisance of the contract used for project execution and integration all systems 

plans.  

e. Supply Chain and Logistic Readiness Establishment: The supply chain 

establishment should include the envisaged business strategy, and processes 

and procedures intended for procurement. The procurement covers project 

components, material acquisition and preservation, and post commissioning 

database for maintenance equipment acquisition. 
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f. Life Cycle Support Readiness Establishment: The support system 

establishment includes the SHEQ department, Plant Engineering, and the 

necessary services for the built facilities, the utilities department, and integration 

of all the governance with the support system.  

The detailed AOR stepwise process shown in Figure 17 to Figure 19 covers 

requirements throughout the PLCM. The requirements aforementioned in the 

literature review in-depth provide a stepwise process, with interlinked process in 

each phase for clear understanding of where each component plays a role. 

g. Management of Changes in a project: Changes management is one of the key 

elements of a project, which an organization needs to factor in their operational 

model. The study by ( Levovnik & Gerbec, 2018) details change management in 

pursuit of a model, which can assist to manage all the changes in a business. 

The change in this study includes modification, retrofitting, addition on the original 

design, removals, or changes to the governance, process, and procedures.  

There are various ways to manage the changes, but it is important that there are 

systems or models in place to ensure effective and efficient implementation. The 

study shown also promotes interface optimization, in line with human-procedural, 

physical-human, and physical-procedural interface. The aforementioned 

combinations by Nertney (Nertney, 1987) ensure project success by ascertaining 

that the organization is ready for Operations and Maintenance (O&M). 

The basic process to be followed in change management process includes by 

maintaining a well-established dependence practice, ability to identify the 

possible and potential changes, assess the potential risks and impacts, make the 

necessary decision relating to the changes, and lastly, to finalize all follow-up 

activities detailed by Gerbec (Gerbec, 2017).  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

50 | P a g e  
 

4.6.3.2. Mining Industry AOR Process Flow Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17:   AOR detailed stepwise process flow for design and concept phase, reproduced (Wannenburg, 2016). 
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Figure 18:   AOR detailed stepwise process flow for design and implementation phase, reproduced (Wannenburg, 2016). 
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Figure 19:   AOR detailed stepwise process flow for implementation and commissioning phase, reproduced (Wannenburg, 2016).
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4.7. Asset Maintainability Readiness 

Maintenance readiness has become crucial in a life of an asset as it caters for the 

requirement for successful O&M. The model that yields more benefits for an asset 

requires a clear link between maintenance, quality, and production, which aligns with 

the objective of an organization to fulfill its goals (Zuo, et al., 2016). The end-product 

needs to possess all the characteristics acquired by following all elements mentioned 

below. 

4.7.1. Maintenance Strategy Readiness 

Production is one of the major elements of profit impact maintenance due to its 

influence on the financial position of an organization. The appreciation is when a 

business maintenance model is not effective to deal with the level of unexpected 

failures resulting from design and construction phase. The planning in production is 

vital as it allows a clear link between production or operating interval and 

maintenance interval for optimum quality delivery.  

As discussed by (Fakher, et al., 2017), there are multiple methods of optimizing the 

profitability of an organization from evaluation and optimization of the production 

plan. The optimization of production plan requires a good baseline from the early 

stages of the Asset in order for an organization to realize benefits. The isolation of 

other disciplines when trying to optimize the level of profitability is one of the issues 

controlled by a business.  

The relationship between quality, maintenance, and productivity require a clear 

definition in a business environment. As stated in (Maletic, et al., 2014), the quality of 

an Asset has an impact on the performance of the organization which emanates 

from AOR related issues such as production cost, productivity, service delivery, and 

work force plan optimization. 

4.7.2. Reliability focused Maintenance Strategy 

The reliability-focused maintenance such as Reliability Centered Maintenance 

(RCM) can be very useful to identify the risk of a system or component. This 

technique of risk assessment uses a well-structured approach, which encompasses 
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failure, Failure Mode, Effects, and Criticality Analysis (FMECA) of the component as 

a basis for thorough risk identification. The risk in this approach caters for 

environmental, safety, and cost related risks (Lofgren, et al., 1991).  

There are other risk identification methods within reliability-focused technique, which 

form crucial tools for identification of the risk similar to FMECA method such as the 

fault tree and reliability block method (Lofgren, et al., 1991). The understanding of a 

techniques yields good results in ensuring that there is reliable Asset in operation. 

The aforementioned methods form part of a qualitative analytic method within the 

risk umbrella of maintenance.  

Reliability centered maintenance has the potential to yield results in accelerated 

timeline for an organization and this is highly possible if the implementation is 

efficient and effective, and focused on the right set of equipment (Moubray, 1997). 

The model has sequential steps, which lead to a decision-making process, and RCM 

is one of the models that have a clear Framework on how to implement and execute 

the strategy. Some of the benefits include improvement of performance and 

reliability, diversity of the model to cater for multiple organizations, and provide the 

organization with a good database of information related to the Assets.  

4.7.3. Computerized Maintenance Management System 

Maintenance management has become one of the complex aspects during 

operation, which has led to many organizations investing huge amount to ensure that 

there is a well-structured maintenance strategy. The aim of the strategy is to prolong 

the life of the Asset. The maintenance has multiple considerations which include run-

to-failure, time-based maintenance, prevention, CMMS systems, Condition 

monitoring, and complex methods such as RCM and TPM. Over the year, there are 

more consolidated methods developed to cater for the rapid changes in technology 

and maintenance thereof.  
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4.7.3.1. CMMS Requirement for success 

A strategy to avoid failures associated with the maintenance in any industry or 

organization requires that the six key elements below are considered (Wienker, et 

al., 2016): 

• The readiness of the Organization:  The organization must always align with 

the new technology and requirement to maintain that particular technology, and 

such leads to investment into the right or correct tools to assist with that object 

and goal. Tools like CMMS always aid in providing the business with the 

capability to assess the maintenance requirement at a particular point for 

optimized performance of the Assets or systems. 

• CMMS capability to provide the necessary support:  CMMS has been for 

some time confused with the maintenance strategy. The role of CMMS is to 

provide a platform to manage the maintenance activities and requirements, which 

in turn eliminates most of the human errors leading to oversight in maintenance 

activities. The ease brought by a well-implemented CMMS assist with effective 

communication to all relevant stakeholders.  

• The compatibility and readiness of the IT infrastructure: The business needs 

to ensure that the IT infrastructure is ready to allow integration of the CMMS 

system without any major challenges, which might require high capital 

investment, which fall outside business budget. 

• CMMS benefit for the business: The benefits which results from a well-

implemented CMMS include but not limited to; improvement to business planning 

and scheduling, ease of data access which leads to proper reporting from the 

business or maintenance team, control on the spare parts, stock, and tool 

assembly, and high availability and productivity of the Asset. 

• Change management: Communication of changes, which reduce human 

interfaces to all impacted stakeholders, ensures that there is support from all 

stakeholders in the business. This requires that the change process is well-

detailed and well-implemented so that there is a clear Responsible, Accountable, 

Consulted, and Informed (RACI) framework, clear knowledge and guidelines in 
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the entire Organization, and ensure that the expectation from the changes 

introduced are understood by all stakeholders. 

• Resource requirements: In any implementation or any product, software or 

system there needs to be a plan, which outlines the resourcing in order to 

optimize on the utilization and productivity. The resourcing required for CMMS is 

the personnel to perform the tasks, relevant training, and other items, which can 

ensure the system is user-friendly. 

4.7.3.2. E-Maintenance in an Organization 
 

Maintenance support has become vital for Organization, which operates complex 

systems. E-Maintenance is one of the support systems, and comprises of several 

elements shown in Figure 20. E-Maintenance in simple terms is a maintenance 

support system, which provides the assurance that the maintenance is in line with 

the operation philosophy and caters for changes or modifications which might 

emanate from the business (Kajko-Mattsson, et al., 2010). E-Maintenance enables 

Assets management through a web-based or wireless technology, which in turn has 

major benefits such as proactive decision-making.  

In addition, beside e-Technology, aforementioned, e-Maintenance also covers some 

of the main maintenance topics such as e-Prognosis, e-Diagnosis, and e-Monitoring 

which make a business operate effectively (Muller , et al., 2008).  

Figure 20 show that e-Maintenance is an involved integrated multidisciplinary 

support tool to yield the best possible results. CMMS known is a Computerised 

Maintenance Management System is an integral part of e-Maintenance due to its 

role when considering the associated functionality and purpose. There are various 

Organizations, which have invested in tools such as SAP, SPO, and so forth for 

trying to implement e-Maintenance, and this has been beneficial for Organizations, 

which enable successful system implementation while considering AOR and 

elements thereof.  
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E-Maintenance might appear as a solution for all types of entities but has challenges 

to consider before implementation. Implementation of e-Maintenance requires that 

the current system is compatible with the e-Maintenance system requirements.  

 

Figure 20: A schematic showing key elements of e-Maintenance, reproduced (Kajko-

Mattsson, et al., 2010). 

The compatibility challenges might easily lead to restructuring of the entire 

Organizational systems, changes in the processes and procedures, and major 

reconfiguration that can be costly. Overcoming such challenges requires a thorough 

assessment of the e-Readiness, which is the capability of an organization to 

implement an e-Maintenance system with reduced failures. In addition, drastic 
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change in technology advancement has led to entities progressing with the modern 

times by utilizing e-Readiness assessment to cater for e-Maintenance. This effects 

positive change, which has benefits in terms of competitiveness, optimization in 

resourcing, optimization of asset life ( Aboelmaged, 2014). 

4.8. AOR Framework Refinement Tools 

The refinement section covers various methodologies necessary for improving the 

AOR framework. The considered improvement tools include RCA model, and Key 

Performance Indicator (KPI). 

4.8.1. Overview on types of RCA models  

The basic RCA methods covered under this section include the “five whys Analysis, 

Failure Mode and Effects Analysis (FMEA), Pareto Analysis, Fault Tree Analysis, 

Current Reality Tree, Fishbone Cause-and-Effect Diagrams, Kepner-Tregoe 

Technique, and RPR Problem Diagnosis. 

Apart from the methods aforementioned, there are several other methods not 

covered in this study, but the few mentioned above does cover the basics of Root 

Cause Analysis. The basics RCA guidelines by Okes (Okes, 2009) cover significant 

aspects. The aspects include analysis of event and causal factors, analysis of 

changes in an organization or environment, analysis of barrier by assessing the 

controls in place and failures thereof, oversight management and risk analysis using 

tree diagram approach, and lastly, problem analysis and decision making approach 

by evaluating the situation, problem, solution, and potential problem.  

4.8.1.1. RCA Techniques 

The RCA techniques mentioned above aims at highlighting the intent inclusive of, 

strength, and weaknesses: 

• FMEA or FMECA Technique: This tool assists in enabling an organization to 

understand the extent of a damage of equipment and intervene with prevention 

measures of an identified risk before it occurs. This tool or technique assists to 

enhance the reliability in a changing environment by ensuring continuous 

improvement (Andersen & Fagerhaug, 2006). The continuous improvement, 
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which comes with such a technique enables development of maintenance, plans 

both reactive and proactive plans. 

• Five Whys Analysis: This tool is for identifying a problem at hand, and derives a 

possible solution by analyzing the problem in five consecutive steps, which aims 

to mitigate the problem from its roots. 

• Fault Tree Analysis: This technique is for anticipation of problem as means of 

proactive measures to eliminate the problem before it occurs. In the verge of 

ascertaining the problems in the process or system this technique uses Boolean 

logic for a desirable result emanating from the assessed desirable event caused. 

• Pareto Analysis: This technique aims at understanding the magnitude of the 

impact due to the causes of events identified. This assessment of causality has 

chart representation known as the Pareto Chart, which shows the cumulative 

percentages of the impact, by the selected critical items.  

• Fishbone/Cause-and-Effect Diagrams: This is one of the most complete 

techniques for assessing a cause. The analysis of the cause is normally 

categorized into human factor, process, and physical (machinery, materials, etc.), 

as well as environment as a minimum to ascertain an effective solution. The 

interrelationship used to assess the causality makes this technique one of the 

best industrial RCA tool. 

• Current Reality Tree Analysis: This technique is applicable in instances 

whereby the problem occurs regularly, and there is historical data capturing the 

causes as they occur. The historic events serve as a basis for preventing or 

troubleshooting the events similar to the ones, which have occurred. 

• Kepner-Tregoe Technique: This is one of the detailed approaches in reactive 

risk analysis techniques, which initiates by a thorough understanding of the 

problem through assessment of the appraisal to ascertain the priority of each 

cause before an analysis. The analysis seeks to outline the causes of the events 

and derives the necessary decision list for sustainable solutions implementation. 
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• Rapid Problem Resolution (RPR) Problem Diagnosis: This technique is based 

on the diagnosis of causes of routine events, and the analysis is based on three 

items which include data gathering and analysis, investigate through a detailed 

analysis to diagnose the cause, solution implementation and monitoring. The 

steps aforementioned aim at assessing the cause and implementation of the 

solution in a sustainable manner.  

All the aforementioned techniques or analysis follow the basic principle of RCA 

which has four steps as detailed by (Rooney & Vanden Heuvel, 2004). The steps, 

which are basic in RCA, include data collection, charting of causality, identification of 

the root cause, and implementation of a logical solution for the event or cause. 

• Bowtie Technique: Bowtie is one of the analyses utilized for RCA analysis, and 

this technique is a qualitative risk assessment that is useful to portray the risk 

associated in a more favorable manner that gives details of the causes and the 

potential impact.  

4.8.1.2. Bowtie RCA Techniques Expansion  

The study “Integrating safety management through the Bowtie concept” ( Acfield & 

Weaver, 2012)  details Figure 21 in terms of definition of each area in the Bowtie. 

The study shows that in order to achieve an optimized process, which covers the risk 

management, management of changes, and investigation of incidents or events, the 

integrated approach, is of great benefit. 

 

Figure 21: Schematic of a Bowtie showing layout of causes and outcomes ( Acfield & 

Weaver, 2012). 
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The Bowtie technique is one of the flexible methods used in line with other 

techniques. The next section of this study gives an overview framework of RCA with 

multiple techniques. This approach takes into account overall business factors such 

as physical, human and process. This also ensures that the events assessment with 

techniques such as “5 Whys” and fault tree for a more profound outcome. 

In terms of the RCA relevance in achieving the desired objective for this study, 

Bowtie methodology has benefits that can be useful to develop the framework, which 

includes the following (Voicu, et al., 2018): 

• Assist in identifying the events that poses a risk to the project and provide a clear 

understanding of the interrelationship of the events. 

• Ability to communicate the relationship between the causes and the effect on 

sophisticated identified project risks. The risk which are catered for in this 

technique are covers a variety for all types of stakeholders.  

• Assist in giving a perspective on the controls, which can be useful to address the 

all identified. The major contribution of these controls is its ability to streamline 

gaps and weaknesses through a well-devised analysis and to mitigate the risks, 

which exist. 

• The technique also covers the human factor of the business, which deals with the 

ergonomics, interface, and workforce related risks, and how to mitigate through 

implemented controls. 

4.8.2. Project Key Performance Indicator 

Organizations have evolved to systematic ways of measuring the performance 

through a well-structured Framework, and the major contributor to such a stance is 

the gaps with performance indicators beneficial to the Organization(s). Key 

Performance Indicators (KPIs) ideally covers all aspects of the business that are 

critical for its success (Parmenter, 2015). KPI have several areas to consider, 

inclusive of non-financial measures, timely measures, leadership related, staff 

related, and asset delivery related, and all in line with Business goals and objectives.  
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4.9. Project Cost Benefit for utilizing AOR  

Figure 22 gives an indication of the benefit of using an AOR model in a PLCM. The 

project which invests less on the early stages of the project have shown that it has its 

challenges during the project execution phase due to the instability caused by all the 

rework and infant failures (Wannenburg, 2016). AOR isolation from the project has 

implications (i.e. lack of readiness), which leads to project cost overruns.  

 

Figure 22: Cost benefit comparison of using AOR against a non-AOR project 

implementation, reproduced (Wannenburg, 2016). 

There are preferable methods such as detailed stepwise processes shown on Figure 

17 to Figure 19, which have potential of achieving reduced cost throughout the 

PLCM. The right hand side of Figure 22 shows an ideal cost saving of up to 15%, 

which varies, based on the type of project and complexity thereof.  

The AOR inclusion in the PLCM gives an advantage in terms of providing a 

Framework that ensures reduced scopes after commercialization. Implementing the 

AOR entails that the initial cost of the project will have to increase slightly due to the 

early intervention and extensive amount of time invested to improve the product 

delivery processes. 
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4.10. Literature Summary 

This section of the study gives a summary of the AOR practices, various industrial 

set-ups. It is clear that based on the type of product delivered there might be slight 

deviation of AOR framework. The main purpose of an AOR framework is to ensure 

that the end-product delivery is at the right quality to avoid any Maintenance and 

Operation (O&M) issue, which emanate from the early stages of the project. 

The research work covered through the Literature Review provides clarity on the 

AOR requirements for various industrial fields. The survey shows that AOR 

implementation follows the PLCM from conceptual and pre-feasibility phase to 

commissioning and operation phase. The stages of the Asset are as follows as 

detailed on the literature review: 

• Early stages of the life cycle which includes strategy development, planning, and 

design evaluation. This stage assists in developing a picture of how the final 

product looks as means of addressing the Business issues. The Asset major 

features such as materials, performance ranges, and operations environment, 

have extensive details in design phase. The features give a good basis for 

estimation availability and reliability of the Asset and serves as a good input 

towards creating a plan for maintaining the Asset during O&M stage. The AOR 

framework articulated above gives more insight on the type of strategies required, 

as well as the specific elements in each PLCM process. 

• The construction phase of a project requires the project delivery team to put the 

plans and strategies to test in order to implement the design. The AOR 

framework plays a crucial role during this stage as it provides a clear guidance on 

the process and factors, which can yield good results. The “quality product” 

creation in this stage of the PLCM need to be delivered to the client at the right 

time and right cost so that there are no penalties, which tend to escalate the cost 

of the project. 

• The Operations and Maintenance (O&M) stages requires readiness of plans and 

strategies to optimize production. Optimum operations and necessary retrofits 

with good maintenance practices will determine Asset life extension for the 

business to realize its Return on Investment (ROI).    
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• Decommissioning of the system or component is one of the crucial parts of asset 

life as it also affects the overall investment cost. Nuclear Power Plant has high 

cost due to the disposal methods of radioactive material, which have stringent 

safety regulations.  

An AOR framework that gives a more structured model includes all the elements of 

an asset, which lead to high productivity, and operational efficiency and 

effectiveness. The area which leads to a successful implementation includes 

integration of personnel, equipment and system, as well as governance and 

processes.  This is applicable from the managerial level to the operation level in 

order to yield more benefits form the programs implemented. The process 

development will take in to consideration the elements such as management 

support, life cycle design support, maintenance, operations, Organizational 

requirements and structure, infrastructure, information and technology, and any other 

processes, which enhance the delivery of final product to optimize O&M.  

Maintenance management has become one of the complex aspects during O&M 

stage, and has led to many Organizations investing aggressively as assurance that 

there is a well-structured maintenance strategy, which can prolong the life of the 

Asset. The maintenance has multiple considerations which include run-to-failure, 

time-based maintenance, prevention, CMMS systems, condition monitoring, and 

complex methods such as RCM and TPM. Over the years, development of more 

consolidated methods catered for the rapid changes in technology and maintenance 

thereof.  

Root Cause Analysis (RCA) as a tool that outlines all specific and generic challenges 

in Organizational processes. One of the considerations for this research study is to 

understand the causes, which lead to system breakdown from human, process, and 

physical perspective. This section explores the RCA methodologies that can be used 

to baseline AOR in any Organization. The basic RCA methods considered include; 

“five whys Analysis, Failure Mode and Effects Analysis (FMEA), Pareto Analysis, 

Fault Tree Analysis, Current Reality Tree, Fishbone Cause-and-Effect Diagrams, 

Kepner-Tregoe Technique, and RPR Problem Diagnosis. 
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KPI have several areas for considerations, which covers non-financial measures, 

timely measures, leadership related, staff related, and Asset delivery related. The 

KPIs formulation will be part of the Business key areas of focus.  

The overall project cost reduction requires intervention such as adequate planning, 

process formulation, and AOR framework development and implementation. The link 

between reduced project cost and effective delivery of the final product is a well-

defined AOR model, which streamlines the quality and completeness validation to 

ensure that the client receives a defect-free product. 
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5. AOR THEORETICAL FRAMEWORK  

The previous Chapter (4) that deals with the literature review gives an understanding 

of the requirements to develop an integrated AOR Framework and application 

thereof. The subsections categorization considers various types of applicable field 

(i.e. Mining and Oil sector), Organizations, and departments (i.e. DoL). The 

aforementioned areas provide diverse and different approaches to develop and 

implement an AOR framework.  

The assessed literature review content as well as pictorial representation assist to 

develop the proposed AOR framework detailed in this section. Figure 23 gives a 

summary depicting the relationship between the Proposed AOR framework and 

literature review pictorial representations. The correlation shown on Figure 23 

classifies Figures and Tables separately as means of highlighting the applicability to 

the proposed AOR Framework. In addition, Figure 23 provides clear indication of the 

content only used as informative data.   

The approach employed in developing the AOR Framework provides confidence for 

the significance of knowledge acquired in the Literature Review. Figure 23 legend 

shows that there are four colour codes utilized to highlight the importance of the 

Tables or Figures in the Literature Review. The “main component” shown on Figure 

23 groups the AOR components selected as vital for success of an AOR Framework.  

The “improvement components” appears on last column of Figure 23 with the 

necessary details. In addition, the column also shows the areas completely adopted 

from the literature review content. The “improvement components” added to refine 

the existing Theoretical AOR framework have been discussed in the literature review 

for success of a project, but without clear direct relationship towards defining an 

AOR framework. The inclusion of the “improvement components” provides a more 

refined AOR framework, which serves as a contribution to the field of science. The 

secondary improvement to the theoretical AOR framework is optimization of AOR 

components placement in each PLCM stages.  
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Figure 23: Summary of Proposed AOR framework correlation with literature review. 
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The outputs expected from development of the theoretical AOR framework narrows 

to five main items as shown on Figure 24, which include detailed AOR framework 

embedded on a PLCM, maintenance process flow, risk and SHEQ process, skills 

and competency, and information and data requirement. Figure 24 also shows an 

overview of the AOR theoretical framework further detailed in this section. 
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Figure 24: High-level AOR theoretical framework summary and output. 
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5.1. AOR Framework Development and Support 

There are various aspect of AOR implementation to declare as fit for purpose such 

as ensuring that there are licenses for operating and maintaining some of the 

explosive system and pressurized systems. The operational readiness of the 

Organization’s asset requires assessment using a detailed risk profiling and safety 

clearance methodologies, which will provide confidence to the senior management 

that the Framework approach is adequate to achieve the goals and objectives of the 

Organization.  

The section of the study covers the AOR framework, AOR Support, and Competency 

to develop and implement AOR, management of data and information, risk 

requirement, maintenance requirement, and value optimization. 

5.1.1. AOR Strategy and Project Support 

AOR framework considerations relates to operating modes and process optimization, 

and RAM of an asset amongst others. this will ensure that when commissioning or 

taking the assets back to operation post maintenance for refurbishment work or post-

handover from the construction and commissioning departments there are no issues, 

which might result in production losses due to poor quality practices by the personnel 

responsible for the maintenance or commissioning activities. 

The process flow on Figure 25 show a stepwise approach to achieving an effective 

AOR implementation. The colour coding relates to different dimensions of AOR 

development. The components highlighted in lime green colour depict the 

management role for sourcing funds used to sponsor the development and execution 

on the AOR strategy. The funding finalization takes place in the definition phase of 

the PLCM as shown on Figure 25. The AOR strategy will require support which 

includes competency establishment (highlighted in light blue), resources and IT 

related support (highlighted in orange), RAM study oversight (highlighted in red), 

GAP analysis establishment and mitigation measure which are employed in closure 

of punch items (highlighted in light orange), and lastly, the core AOR framework 

components which are (highlighted in blue colour). 
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Figure 25: AOR and support detailed process flow.
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5.1.2. Manpower integrated Plan and Training 

The Organization needs to consider detailing the areas, which require attention for 

ease of resource optimization. The number of personnel and skill-set deployment 

requires knowledge of the complexity of the technology. A technological inclined 

system will be costly with a guarantee of a well-defined maintenance approach that 

requires reduced resources for Operations and Maintenance (O&M). A less 

sophisticated technology might lack some capabilities and entails that more 

resources will be required to perform inspections on a regular basis during O&M.  

The Asset development or maintenance approaches will assure that the business 

has good Returns on Investment. A sophisticated approach entails that non-critical 

system or equipment will require condition-monitoring maintenance. Such 

consideration in some departments or areas might be an unnecessary intervention. 

The aforementioned complexity should consider a work force plan that might yield 

the required outcome. Management should take into account the following as 

primary means of ensuring an effective AOR strategy implementation: 

• Estimation of headcount for the preferred for the AOR activities which will ensure 

that there is a team in the field of mechanical, electrical and instrumentation 

controls, civil and structural, process and optimization, safety and environmental, 

and design and drawing redesign. 

• Implementation cost breakdown for each personnel as per the Organization’s 

grading.  

• The hour utilization of each personnel based on a 40 hour per week. The 

exception of overtime as a contingency for unplanned outage and weekend 

planned shutdowns.  

• The work force plan will ensure that there is clear indication of roles and 

responsibilities for all relevant stakeholders. 

The organization has a better control of the activities if there is a well-defined plan for 

work force to execute tasks and activities. There are several aspects of resource 

optimization and resource planning which to consider as listed below: 
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• The resource plan must ensure that it caters for the skill needs of an organization 

to an extent that it is convenient when performing maintenance and operation 

activities without any hindrances. 

 

• The resource breakdown can be a combination of both internal and external 

resources with the skills categorized from the graduates or juniors to the experts. 

This entails that a well-define study needs to be conducted to ensure that the 

required capabilities are embedded within the implemented resource strategy. 

• The core capabilities will have to be either out-sourced or developed through the 

Organizational development and training structure. This requires financially 

feasible approach to ensure that there are no cost overruns affecting business 

profitability. 

 

Lastly, the demographic resource study will have a crucial role to assure the 

business that it can source skills out of the country without upsetting the 

communities within the radius of the Organization. 

5.1.3. Information Quality Management 

The management of information is one of the major factors, which the organization 

needs to pay much attention to as this provides necessary data to be used for 

integrating activities done by each stakeholder. This also enables the management 

to make informed decision. The information needs to have the correct capturing and 

archiving systems, which includes computers, central hubs accessed by all 

personnel, library or workspace, correct tools and software, and so forth.   

The quality management will have to be one of the major considerations to ensure 

that there is correct data management, system management, and quality assurance 

in according to ISO standards. A good quality practice goes a long way in an 

organization as it reduces unnecessary expenses, which compromise the principle of 

having a well-defined budget plan for sustainability of the business. This ensures that 

there are quality assurance plans and quality control procedures used for justifying 

the standard of maintenance activities, and form input to development of internal 

staff 
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5.2. Asset Maintenance Readiness 

The maintenance department, which will be the custodians of the maintenance 

business strategy, needs to take cognizance of the historical Operational and 

Maintenance (O&M) risks faced by the organization over the past decade.  

5.2.1. Maintenance Strategy Readiness 

Sufficient input data to inform the maintenance strategy development and 

implementation is important for establishment of an AOR framework. Years of 

historical data will provide a good basis for upfront planning which the maintenance 

team needs for improvement of the maintenance strategy. 

 

Figure 26 shows a typical high-level process for maintenance consideration, which 

applies to various sectors. It is clear that a well-structured maintenance process 

requires good management support in order to ensure that the execution team has 

all the tools necessary to fulfil their duties. The block highlighted in red show the 

elements to consider in a maintenance philosophy, while the green colored blocks 

shows the necessary support required as success of a maintenance strategy.  

There are challenges, which lead to project execution failures; hence, a requirement 

to develop AOR framework as a measure to alleviate unwanted events in a PLCM. 

The following provides challenges to various businesses that should be eliminated a 

well-defined maintenance process flow as shown in Figure 26: 

• Planning without the collection of historical data to make informed maintenance 

decisions. 

• Financing unplanned maintenance projects which are required for assets or plant 

equipment performance. This affects the business cash flow and leads to 

production ineffectiveness. 

• Issues with monitoring overall energy consumption that affects annual costing for 

purpose of budgeting. The cost of energy consumed by the equipment has been 

limited to major component in most businesses. This brings a challenge if the 

low-rated energy consumption equipment has been isolated from the total energy 
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consumption tracking, and this has a big implication because of the number of 

the small components.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: Maintenance Philosophy flow diagram proposed. 

• There are premature failures of equipment during operations resulting from lack 

of skills and knowledge of the Operations and Maintenance (O&M) team. This is 

a major blow for several Organizations since it has high implication in terms of 
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Figure 27: Maintenance implementation process flow. 
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• Control interventions, which are not adequate to minimize the failures. This has 

leads to many shutdowns, which affected negatively on the productivity of the 

Organizational assets. Such events need intervention from the senior 

management. In addition, some of the controls do not take into account the 

design, construction phase related issues, which influence some of the failures. 

Figure 27 depicts a maintenance implementation process from the concept phase to 

handover phase. This gives guidance on how to implement a maintenance readiness 

process in the Business. The process flow also gives insight on the requirements to 

meet a maintenance ready environment. The elements shown on Figure 26 and 

Figure 27 are crucial for the sustainability of the Organizational asset throughout the 

operation life. 

5.2.2. Computerized Asset Maintenance Management System 

Operations and Maintenance (O&M) management system incorporate mandate and 

vision of the Organization, which is to ensure that the Assets yield the most Return 

on Investment and provides the service required through its entire life cycle. Plant or 

equipment design uses standards and quality governed by international best 

practice. This entails that each organization needs to develop a structured 

document, which will ensure that there is proper integration of the applicable 

standards to the design changes, which might emanate from a need to re-design in 

future. 

The organization’s project requires multidisciplinary teams, which can execute the 

maintenance scope of work effectively and efficiently. Figure 28 shows the required 

business maintenance structure which the senior management needs to consider for 

maintenance practice within the organization. The process details the stepwise 

approach which should be followed to achieve the CMMS strategy which can be 

utilized during operation tom manage the maintenance activities. This runs through 

systems such as SAP or other management system with the correct capability to 

achieve the required output. 

The proper oversight from the organization will enables a more structured handover 

process for current running projects and future Asset enhancement project, which 
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will result in the correct technical documentation for maintenance of the equipment. 

The documentation includes design documentation, as build documentation, system 

Operations and Maintenance (O&M) documentation, commissioning documentation, 

and so forth, which guides the operating team and the maintenance team on the 

relevant changes, details of the Asset, and activities for acquisition and 

commissioning.  

The structure also emphasize on an effective maintenance process that will require 

that the business optimize management support in order to ensure that there are no 

gaps between the different teams and stakeholders. There should be emphasis on 

the management support specifically on the area of resourcing, financing, operation, 

and maintenance task execution as this is the area, which requires most attention. 

The resourcing needs to have the right skill-set for the process to be effective during 

its implementation. 
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Figure 28: Computerized asset maintenance management system process flow. 
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5.3. Project Risk and SHEQ Management  

An organization will have to invest on multi-technique for profiling the risk of the 

engineering assets, and this is because each method (such as FMECA, RBI, RBM, 

etc.) has its own role within the maintenance space. The section of the study gives 

insight on the envisaged risk management as well as SHEQ. 

5.3.1. Asset risk management  

Figure 29 gives more insight on the relationship between the different techniques, to 

utilize for achieving controlled risks during operation.  

The expected outcomes of the structure depicted in Figure 29 is a well-defined 

profile of all the risks associated with the Assets, improved reliability, improved 

availability, and improved maintainability. In addition, the structure also promises 

improved quality assurance and technical integrity of the system over the expected 

life of the asset. The implementation of the system or process below leads to an 

enhanced safety, health, and risk management to reduce any undesired impact. 

The implementation of the maintenance processes will prolong the life of the 

equipment as it adds value and assist with critical decision making which will save 

the organization money in both short term and long term.  

The implementation is not a standalone but rather a puzzle, which requires 

continuous improvement to ensure that equipment, performs adequately. Continues 

improvement takes place through regular audits and regular performance monitoring. 

The performance monitoring and audits will ensures that the system meet the 

requirement of the drastically changing technological environment.  
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Figure 29: Risk profiling through the life cycle for adequate maintenance flow 

diagram proposed. 
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5.3.2. Safety, Health, Environment, and Quality  

During design and implementation phase of the project a business needs to conduct 

its tasks and activities according to the highest occupational, safety, health, 

environmental, and quality standards to avoid violation. Violation in this regard leads 

to revoking of some licenses, as well as fatalities or incidents. The structure required 

to achieve a well-defined SHEQ model should follow the international standards 

practice, as well as the adopted Organizational processes and procedures.  

The implementation of the design requires controls in an environment for safe 

execution of the works, and this achievable by having the right safety personnel 

providing supervision. There are non-compliances to some of the requirements, 

which have led to property damage or injuries or even fatalities. To ensure that the 

hazards are reduced or eliminated the design has incorporates the safety directives, 

international standards, and South African standards as a mitigation measure.  

The Business policy shown on Figure 30 is required to compel the personnel to 

adhere to the directives in order to lower the risks, which could compromise safety of 

the Organization. In addition, there are other measures such as recycling of worn 

equipment or scrap material, housekeeping, and cleaning activities, which ensures 

that the environment and safety is not impacted, and this applies throughout the 

project life cycle.  

Figure 30 gives guide on how to implement the SHEQ and risk methods within a 

business. The stepwise process requires consideration as it combines best practice 

approaches. 
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Figure 30: SHEQ and Risk Management process flow. 
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5.4. Asset Life Cycle Value Optimization 

Asset value realization in an organization will take into consideration the value risk 

exposure, long-term sustainability of acquiring, and Operations and Maintenance 

(O&M), and disposing of the Assets. The sustainability will focus on the Asset 

utilization, social impact, stakeholder relationship, performance optimization, and 

safety and environmental. This is achievable by having a structure, which aims to 

optimize the value of the Asset over the entire life cycle. This varies with different 

Assets because there needs to be several decisions or stance, which the 

organization has to take.   

The asset optimization aligns with mandate of the organization to provide a quality 

service at a sustainable manner to a client. The Asset in the project has been design 

in such a way that it is easy to operate by the skill-sets or manpower within the 

Organization, and this has been achieved by integrating the control and instruments  

of the plant with the central control system in order to manage the entire activities of 

the assets during operation. This readiness aspect of the AOR needs to consider the 

value cycle of the assets as this involves value realizable from the utilization, which 

has exceeded or in line with the expected availability and reliability required, and 

during the available time, the Asset should fulfil the demand and required service or 

output. 

Maximizing the value of the asset requires integration between all the elements of 

Asset Readiness and this means that if one of the elements does not meet the 

necessary requirement, the AOR strategy is incomplete to meet organization’s 

expectations. 
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Figure 31: Effectiveness and efficient production implementation process. 
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The process in Figure 31 depicts link between an integrated maintenance structure 

on top and maintenance impact on production shown below. Effective maintainability 

and productivity of an Asset lead to improved and reduced maintenance cost, and 

improved production and operation cost which impacts on the overall Organizations’ 

profitability. 

The interrelationship of all the factors indicated in Figure 31 is required to have a 

sustainable outcome during operation. The sustainability emanate from quality 

product, optimization during operation, and accuracy in Reliability Availability 

Maintainability Studies (RAMS). 
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6. AOR THEORETICAL FRAMEWORK REFINEMENT METHODOLOGY 

The section of the study provides an outline of the refinement methodologies used 

as input in the AOR framework application chapter. Figure 32 gives process flow for 

the link between the AOR framework applications, refinement, and literature review. 

The refinement methodology covers various aspect of the AOR framework, which 

includes;  

• The preparation of the AOR Assessment tool to ascertain the state of project 

readiness on specific case studies conducted. 

• A well-defined qualitative survey questionnaire assists with the interviews. 

• Embedding the AOR assessment tool with the scoring system as means of 

distinguishing the least performing category of AOR in a specific case conducted. 

• Multi-techniques RCA Model development for identifying challenges which might 

be difficult to detect with the use of a theoretical AOR framework. This provides 

an opportunity to improve the AOR framework in line with real-life project events. 

Figure 32 

 

 

 

 

 

 

 

 

 

 

 

Figure 32: AOR theoretical framework refinement methodology process flow. 
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6.1. Root Cause Analysis Tool 

The Root Cause Analysis (RCA) adopted in this section as a proposed refinery for 

AOR framework is a consolidation of multiple RCA methods namely; fault tree 

analysis, 5 whys analysis, Bowtie analysis, fishbone technique, and Kepner-Tregoe 

Technique. The multi-technique model demonstration uses a detailed analysis of an 

event, which has taken place within the selected Organization. The proposed RCA 

methodology implementation will be on the case study to ascertain the causalities 

that led to the primary event identified. The techniques aforementioned might not 

necessary feature in each case study due to the uniqueness of each event. RCA 

assists to communicate to an organization on areas, which requires improvement or 

management intervention. 

The intent of this activity or analysis is to establish failures or events to aid with 

optimizing or improving proposed AOR theoretical framework.  

Figure 33 shows a real-event RCA, which comprises of four techniques used to 

analysis Pulse Jet Fabric Filter (PJFF) fires (event). The techniques which are 

applicable to this specific real-event and have been explored include Kepner-Tregoe, 

Fishbone, Bowtie, and “Five whys” analysis.  

The Analysis Figure 33 shows a sequence of failure events that require well-defined 

controls as prevention or mitigation measure. The analysis is broken down into three 

main categories, which comprises of human failures, physical or machinery faults, or 

failures, and process related failures. These categories assist to assess the events, 

which could have led to the primary event (i.e. fires on the PJFF). The events in each 

category have a direct relationship to the other events on other categories.  
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Figure 33: Proposed Bow-Tie Model with Embedded Fishbone and Five Whys RCA conducted on PJFF Fires.
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6.2. AOR Framework Case Study Assessment Classes 

The processes detailed in AOR theoretical framework section assist to create tables 

shown below. Table 3 to Table 7 shows the AOR framework assessment tools 

derived from the AOR framework processes flow, proposed above. The intent of the 

conversion of the processes to the tabulated framework is for the purpose of the 

assessing the project or Organizational planning and execution of new build Power 

Plant projects. The assessment using the tables below is broken down into five 

classes as shown on Table 3 to Table 7.  

The classes used for categorize AOR functions in an organization are as follows;  

• Maintenance planning and implementation,  

• Maintenance computerized system which tries to drive the organization to the 

industrial revolution of e-Maintenance,  

• Risk management through the AOR involvement,  

 

Figure 34: AOR framework class categorization with individualized rating. 
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• The core element, which is AOR strategy development and Implementation in 

order to ensuring that there, is well-defined stepwise approach aimed at 

delivering the final product. 

The embedded classes with a proposed weighing takes into account the Literature 

Review, RCA assessment, and components of the proposed AOR framework 

processes and significance thereof. 

Figure 34 depicts the weight allocated to each class with support and e-Maintenance 

system (CMMS) having the lowest influences the final assessment score. 

Maintenance philosophy and risk management have the same influence at 20%, and 

lastly, AOR strategy has the highest influence, which shows the significant in terms 

of the impact with 35% allocation. 

 

Table 3: AOR plan and implementation readiness assessment class. 
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Table 4: Maintenance planning & readiness assessment class. 

 

 

Table 5: AOR support readiness assessment class. 
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Table 6: CMMS readiness assessment class. 

 

 

Table 7: Life cycle risk readiness assessment class. 
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6.3. Quantitative Survey Questionnaire  

The developed qualitative survey questionnaire has four categories related to the 

AOR theoretical framework, which comprises of general section that covers the 

Organizational objective, asset related questions that covers AOR strategy and 

capacity to fulfil AOR readiness roles in a drastically changing technological 

environment, and impact of the current employed AOR approach. The questionnaire 

has the potential to reveal the key aspects of AOR, which becomes input towards 

developing a comprehensive AOR framework. 

6.4. Proposed AOR Framework Scoring Model 

The AOR Class assessment tool shown on Table 3 to Table 7 have a number of 

PLCM phases as defined and outlined on Figure 2. The phases considered in the 

assessment tool are in line with the proposed AOR framework process flow detailed 

above. The assessment tool used on the case studies applications (CHAPTER 7: 

AOR FRAMEWORK APPLICATION) has been embedded with both the weigh for 

each class as well as the scoring for each component in order to derive the 

probability in percentage of success on specific case study conducted. 

LE
G

EN
D

 

Component Level 

  

Class Level 

Description Scoring Status Weight (%) Coding 

Fully Compliant  3 Good ≥80%   

Mostly Compliant  2 Need Improvement 50% - 80%   

Partially Compliant 1 Poor ≤50   

Not Implemented 0  

Table 8: AOR class assessment tool criteria definition  

Table 8 shows a summary of the criteria used to perform the assessment on the 

case study. The summary shown consist of two section with the left hand side 

applicable component for each phase of the PLCM, while the right hand side 

applicable to consolidated rating for each class (i.e. AOR support readiness 

assessment). 
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Table 9 gives more details of each description shown on Table 8. The unique icons 

used to depict score ranging from number 0 to number 3 shown on Appendix B and 

Table 8 deals with the representative scoring for each phase. The scoring is for 

assessment purpose as well as quantification of performance. The icons or scores 

links to descriptions, which gives further details as shown on Table 9.  

The weighing in percentage shown on Table 8 right hand side follows the same 

narrative used to rate results in the qualitative survey questionnaire. The 

categorization depicted in Table 10 aims at highlighting the areas, which require 

attention from the business perspective. 

 

Table 9: Details of an AOR assessment tool stage wise scoring criteria details. 
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6.5. Proposed Quantitative Survey Questionnaire Scoring Model 

Table 10 provides the qualitative survey scoring criteria used to derive the result 

shown of Table 15. Table 15 depicts percentage calculation from using the equation 

shown on Table 10 which gives provision for elimination of items not applicable to a 

candidate interviewed. 

 

Table 10: Quality survey categorization for interviews conducted in percentile 

Table 11 shows a proposed categorization of the results for case study qualitative 

survey questionnaire. The three percentile relates to the magnitude of challenges 

ranging from; poorly executed, need for improvement, and acceptable with minor 

improvements, and the respective challenges are reflected by percentile of below 50, 

between 50 and 80, and above 80. 

INTERVIEWEE RESULT CATEGORIZATION 

 GENERAL EQUIPMENT & DATA COMPETENCY POSITIVE IMPACT 

Percentile ≥ 80     

50 < Percentile ≥ 80     

Percentile ≤ 50     

Table 11: Proposed survey categorization for interviews conducted in percentile. 
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7. AOR THEORETICAL FRAMEWORK APPLICATION  

The section on AOR framework application covers four areas used to carry out case 

study on a real-life project. The areas include; AOR framework case study, RCA 

application, Qualitative survey questionnaire application, and project Information 

assessment. The AOR framework application uses one of the mega New Build 

Power Plant project in Africa as means of validating the AOR framework, as well as 

identifying the areas of improvement in capital projects holistically.  

7.1. AOR Framework Case Study 

AOR case study section covers mainly areas in the new build boiler Power Plant, as 

it is one of the major and critical parts of the overall Asset. The selection of the case 

studies areas takes into account the significance of the Power Plant package and 

has been limited by the available time to carry out the investigation. The limitation 

aforementioned does not affect negatively the strength of the validation process to 

ascertain the contribution of an AOR framework. The cases studies discussed below 

include auxiliary boiler system effectiveness, coal mill effectiveness, Pulse Jet Fabric 

Filter (PJFF) effectiveness, and steam generator effectiveness. 

7.1.1.  Case Study:  Auxiliary Boiler System Effectiveness 

The organization uses a steam generation system, which its purpose is to supply all 

the boiler plant units (unit 1 to unit 6) with the required steam at multiple points of the 

plants for startup and commissioning activities. This is the first Power Plant, which 

has a permanent auxiliary steam generating plant used in the Operations and 

Maintenance (O&M) phase of PLCM. 

The auxiliary boiler system will be used to effectively startup any of the six units in 

case of multiple trips and station blackout during O&M phase. The design of the 

auxiliary boiler Plant has three auxiliary condor boilers, which can produce steam at 

a rate of 28 kg/s. 

The auxiliary plant supplies steam to various points of the plant which includes the 

boiler warm-up, boiler steam air heater, PJFF, boiler and gas air heater steam soot-

blower, boiler firing system, boiler mill inerting system, auxiliary boiler, boiler hot-
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standby, and some of the areas of the turbine such as turbine feed-water heater, and 

so on. 

In the construction phase of the project, there were challenges, which emanated, 

and resulted in a number of technical dispositions from the non-conformance report 

issued to the appointed main contractor. The following highlights the challenges 

identified on the auxiliary boiler section: 

Construction Challenges: 

• High number of failures on the core air fan bearings on all three Auxiliary boiler 

Systems. This was mainly due to the OEM maintenance routines not been 

followed by the main contractor in the maintenance of the bearings. The dirt 

accumulation on the bearing shows evidence that the recommendations outlined 

on the OEM Maintenance manual were not implemented as required and there 

was no adequate oversight to ensure that such an event does not occur. 

• Abnormally high number of feed-water perforated cone spindle failure. The 

resolution to aid with mitigation of the failure was to close the value completely 

which will isolate the steam flow and prevent high stress which causes bending 

on the spindle. The modifications on the spindle was part of the options to 

improve the condition during operation, and the documentations for the 

modification are not necessary as that forms part of the recommendations listed 

on the original documentation 

• The allen cap bolts coming loose on butterfly valves and some were missing. The 

loose bolts have been due to lack of tightening and fixing. This results in lack of 

quality control during the construction process. This has resulted to new bolts 

provided and implementation of tack welding to ensure that the bolts permanently 

in position as per the OEM procedure. 

• The high number of burner electronic cards failures experienced on the auxiliary 

boiler plant. The failure arise from unstable electrical system and the electric 

system were stabilized and a reduced number of failures due to interventions by 

the main contractor to Operations and Maintenance (O&M) as per the OEM 

recommendations.   
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Design and Stakeholder Relationship Challenges: 

The major challenge which the auxiliary boiler has experiences is the deviations to 

regulation requirements. The auxiliary boiler has been designed and manufactured 

before the Department of Environmental Affairs (DEA) amendments on the standard, 

and the amendment have called for stringent emission regulations which the 

auxiliary boiler design are not meeting.  

The standard 35883, draft declaration of small boilers as controlled emitters which 

regulates the emissions of small boiler, such as the Organization’s auxiliary boiler, 

has shown that the current auxiliary boiler exceed the set emissions of sulfur dioxide 

(SO2). the auxiliary boiler SO2 limits violate or are non-compliant with the National 

Environmental Management Act (NEMA) and this poses a risk on the environment 

as well as on the financials of the Organization.  

The auxiliary boiler will require a concession from the DEA in order to operate in 

future. Rejection of this option by the DEA standards then the auxiliary boiler entails 

no operation, which means make the capital expenditure a waste.  

The AOR framework proposed has a role during the modification to ensure that all 

necessary steps which are required are done correctly so that the issues of code 

oversights and lack of consultation with the key stakeholders such as DEA or any 

other body is avoided in the process. The modification, if any, will include concept, 

detail design, construction, and handover activities to deliver the product to the 

client.  

The assessment on Appendix A shows that there were issues with a list of items 

from different stages of the project. This has contributed to the challenges faced by 

the project although most of the issues were resolved prior to handover.  

Mitigation Options to eliminate Design and Stakeholder Challenges: 

The failure to secure a concession from the DEA will result in more cost to the 

project. The secondary options are to modify the various plants integrated to the 

Auxiliary boiler to be able to provide steam during startups and total blackouts. The 

option to consider are as follows but not limited to: 
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• To leave the auxiliary boiler setup as is with the current excessive SO2 

emissions. This option will lead to penalties and ultimately revoking of permit to 

operate the auxiliary boiler plant. This has environmental impact as well as 

financial impact on the Organization.  

• The second option was to request extension to implement a solution, which can 

aid to reduce the emission and meet the SO2 limit set by the regulator. This 

extension is in line with the date granted initially for the organization to comply 

with the limits. 

• The third option is to integrate the auxiliary boiler to the Flue Gas 

Desulphurization (FGD) system. Taking this option will mean that the SO2 

emission from the auxiliary boiler will be rerouted to the FGD which will reduce 

the SOx on the auxiliary boiler. This option will take time to implement, as there is 

a need to follow the LC project model to deliver the final product. There is a 

financial implication for this option that needs consideration by the Organization’s 

investment forums. 

• The other considered option as a mitigation measure is to introduce additives to 

the fuel oil supplied to the auxiliary boiler system. The idea is to reduce the 

emissions and improve the combustion while reducing the blockage in the burner 

lances. The flue system process allows for injection or addition of the additives at 

several points, and this will take some time to implement.  

The constraint on time will require additives injection to the bulk fuel oil tank, 

which only requires a minor modification, which reduces period. 

•  This option will consider change in fuel oil supplied from heavy to lighter fuel oil. 

This will entail that the modifications included storage tanks, lines or piping and 

pumps, and any other necessary adjustment to ensure compliance to the 

regulations.   
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Figure 35: Auxiliary boiler plant (without an oil burner) overview schematic (Sobbe, 

2013). 

• Other options are to either reduce Sulphur content in the fuel oil or modify the unit 

burner atomizing system design to compressed air. The modification of the unit 

burners entails that the new arrangement will be to utilization of compressed air 

instead of steam as an atomizing medium. There are advantages and 

disadvantages to factor in the conceptual and detailed design phase if the 

organization decides to go with this option. 

• The last option was to operate the auxiliary boiler at the reduced MCR based on 

the linear SO2 curve. The reduced MCR will reduce the SO2 emissions and aid 

with the compliance to the regulators limits. This option might appear to be the 

most feasible and the most convenient to implement but there are lot of 
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unknowns as the contractor information on these boiler is not sufficient to conduct 

an engineering assessment.  

The steam quality will be the main element to consider if the boiler operates at a 

lower MCR. Other impact of this option is longer startup time for the units, which 

lead to cost and delayed production. 

The auxiliary boiler schematic on Figure 35 show the fuel into the system to generate 

the energy required for steam production. The steam produced in this Auxiliary boiler 

aids in the main boiler for the purpose of total blackout start-up and commissioning 

activities. The absence of this system will induce challenges to the Organization in 

terms of cost, production, Power Plant start-up.  

7.1.2. Case Study:  Coal Mill Effectiveness  

The Organization has experienced a number of challenges, which emanate from 

failure in some of the processes to ensure AOR effectiveness. Figure 36 and Figure 

37 depicts boiler coal mill plant selected during the tendering process. The two 

Figures show the sections of the Coal Mill Plant with all the components. The RCA 

discussed in Chapter 7.2.2 gives an overview of the issues pertaining to the coal mill 

from all three AOR dimensions which include human, physical, and process. 

The issues identified and outlined on the RCA section relates to lack of well-

structured AOR framework, required to assess the level of challenges through a 

rating process in each stage of the PLCM. 

The coal supply has been one of the major contributors to the ineffectiveness of the 

coal mill plant. This item reveals the gap in the contracting phase of the project for 

specific type of coal and control measures failures, which were necessary to ensure 

project receives quality product.   

The issues experienced with the coal have led to some of the challenges faced 

during operation of the plant. The issues that emerge include the damage identified 

with the rotating nozzle rings, which show high rates of erosions. The failure to 

ensure that all the element of the power is ready for operation has an impact on the 
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reliability and availability of the plant due to unplanned outages and this has an 

impact on the maintenance philosophy employed. 

The coal quality was in question during operation with large amount of foreign 

objects removed from the mill rejection box shown on Figure 37. The evidence 

relating to poor coal quality emanates from the assessment of the wear rate 

comparison of two periods of operation. The previous mills were able to last longer 

as compared to the current mills affected by the coal quality.  

 

Figure 36: Schematic of the MPS coal mill showing all the components (Koko, et al., 

2009). 

The details review during the early stages of the project with the correct skill-set is 

one of the elements, which requires close assessment as this is the main cause of 

some of the technology selections. There is expectation  of foreign objects in an 

operation of this magnitude and relate to various factors such as sabotage, or carry 
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over of foreign objects, and this is one of the major design consideration for mills and 

the supply chain of the coal. The plant has a mill reject system, which caters for 

removal of overweight foreign objects. 

The AOR framework assessment as a tool, which has incorporated raking for each 

phase of the projects to ensure that the plant is ready for operation, could have been 

used to flag that the key elements of AOR in definition phase are not in a 100 

percent state. Flagging the delays in AOR planning and implementation strategy 

could have assisted in a drive to assess all the other components in details to avoid 

low scores on the subsequent assessment phases.  

The assessment conducted on the coal mill plant operation shows that the operating 

philosophy implementation was as per the OEM’s recommendation. It was clear that 

the operation issues do not relate to the failure in components in coal mill. The 

grinding rollers have been one of the components, which had frequent replacement 

from excessive wear rates due to the coal issues.  

 

 

Figure 37: Schematic of the MPS coal mill reject system.  

The detailed assessment of the failure could have been verified internally with 

advanced design tools to ascertain the spare part requirements in normal and worse 

case scenarios. Chapter 8 gives a holistic view on the issues, which contributed to 

some of the challenges faced with the equipment discussed in this section. The 
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design review procedure, which incorporates AOR function, appears to have played 

a critical role in verification process in all the stages.  

7.1.3.  Case Study:  Pulse Jet Fabric Filter Effectiveness 

The Pulse Jet Fabric Filter (PJFF) operation is as per recommendation by the OEM 

and there are defects identified and outlined in section 7.2.3 through a RCA to 

ascertain some of the control failures in the PJFF PLCM. The required corrections 

implementation has taken place for some of the defects identified as part of the 

contractual agreement.  

The PJFF have not performed as per the contractual agreement although some of 

the defects are closed. The issues, which identified during commissioning and 

commercialization of the PJFF, include flow irregularities, emission excursions, and 

pressure differential issues amongst other issues.  

The issues aforementioned have repercussions discussed in Chapter 7.2.3 and 

documented in Appendix A. The issues which have been discussed under the RCA 

section take into account the three dimensions (human, physical, and process) as 

mentioned above, and show the failures in the controls thereof.   

The key elements which resulted in the failure of various systems (manufacturing, 

quality, design validation) in the life cycle of the PJFF is the contractual deviation to 

bag life duration which is expected at 36000 hours, pressure deviating from the 

required 2.5 kPa, emission limited to 50 mg/Sm3, and reduced bag cage lifespan.  

The ultimate issues aforementioned are evidence of lack of understanding of the 

design review details, which should take place during the definition phase and this 

relates to the failure in implementation of the design review procedure to ascertain 

the state of AOR at an early stage of the project. The AOR design assessment tools 

made available by the project process team have not been sufficient for the mega 

capital project, and it is evident that in futuristic projects the AOR support is one of 

the key areas to consider as a major contributor to the project failure.  

The ability of the organization to be able to appreciate the need for specialized 

design tool will ensure that future project are executed in a good manner and allows 
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for elimination of unnecessary operational issues post commissioning which will 

increase the maintenance costs. 

The risks not identified during the early stages of the project due to lack of updates 

of the risk register as detailed in the discussion in Chapter 8.1.3 could have been 

avoided by deploying the AOR framework risk strategies. The deployment of such a 

strategy is required during the definition phase, which could have flagged that the 

risk in the commissioning phase might be high if the early phase validation is not 

detailed. 

The risks which have been identified includes high emission, Unplanned Capacity 

Loss Factor (UCLF), and plant failure, and these have major cost implication from 

maintenance as well as productivity and profitability of the asset during operation. 

The indication of the risk is one of the major highlight, which compels the design 

team and AOR team to do a thorough assessment of the processes in the early 

stage in futuristic project to ensure reduced risk profiles. 

7.1.4.  Case Study:  Steam Generator Effectiveness 

The issues identified on the main boiler equipment has revealed failure in several 

aspects of the AOR components particularly on the AOR implementation and 

planning. The failures which are evident relates to the implementation of the Project 

Quality Manual (PQM) used for manufacturing activities, Construction Quality 

Manual (CQM), AOR strategy (Design Review Procedure), and AOR Support 

particularly of verification and validation tools. This is also evident on the RCA in 

section 7.2.4 which details the three dimensions and Appendices A4 and A5 

preventive control failure. 

The issues on the boiler furnace includes the misalignment re-heater (RH) bundle 

tubes identified during construction phase, Copper Contamination on the evaporator 

section, which results from manufacturing oversight, poor absorption of the boiler 

furnace on re-heater section, and RH Spray flow defect, which has a major role in 

the risk associated with the AOR of the Power Plant.  

The deviations identified are issues, which show the importance of the AOR 

components in every phase of the project. This shows that the compliance issues 
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have been experienced in all the phases of the project, which entails that, the 

maintainability, reliability, and availabilityof the plant is at risk. Addressing the issues 

has high cost implications and one of the options is to de-rate the Power Plant 

ultimately reducing the Return on Investment (ROI) of the project in the projected 

period.  

7.2. Root Cause Analysis Study 

The Root Cause Analysis (RCA) proposed model on Figure 33 assists as an 

improvement tool towards case studies assessed using the AOR theoretical 

framework. The RCA application appears on Appendix A1 to Appendix A5 of the 

research study. This section covers assessment of four cases using the integrated 

multi-technique RCA approach proposed model. The assessment considers coal 

mill, auxiliary boiler, PJFF Design, and Boiler Furnace (main steam generator).   

There are processes and controls established for the equipment assessed below 

and those processes cover the Design Freezing at the end of design phase, 

Integrated Design Reviews (IDR), and Quality Control (QC). The expansion of 

aforementioned as outlined below provides clarity on the list of items included in the 

verification processes. 

The design review performed was mainly to verify the design and layout drawings, 

functionality and process, interfaces with other systems, engineering related 

changes and applicable material, equipment, HAZOP study, RAM analysis, and 

spare part requirements. This end-of phase design freeze elements reviews have 

been carried out in all the cases mentioned in this section with oversight to some on 

of the element due to lack of information thereof.  

The Integrated Design Review (IDR) stage used by the engineering team is one of 

the verification points to check if the product in question compliance provides certain 

level of assurance. The stage covers verification of User Requirement Specification 

URS, compliance to codes and standards, meets the minimum equipment or system 

testing requirements, constructability using tools such as Computer Aided Design 

(CAD), Operability and Maintainability (O&M) of the equipment, interfaces, and 

compliance to RAM and other environmental and safety requirements. The Project 
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Quality Manual (PQM) gives an overview of the quality processes to ensure delivery 

of a quality product after manufacturing and construction activities.   

The review is limited to the list of documents submitted by the appointed service 

provider or contractor and agreed upon on the URS. The URS has been one of the 

project flaws, as it does not explicitly details the service provider scope to avoid 

ambiguity between interfacing packages.  

The controls listed above have three sections which needs to be taken into 

consideration and those sections includes the human factor, the defined process, 

and the product delivered in order to guarantee a quality end-product which are 

discuss below: 

• The lack of specialised personnel to perform the review at the initial stages of the 

PLCM has led to oversights, which are consequential to the failures identified in 

the RCAs below.  

 

• The process development, which happened over the years after initiation of the 

New Build Projects, has addressed some of the design, interface, and 

constructability of the Boiler Plants. The lack of integrated and robust process in 

the first stages of the New Build Project has led to identifiable gaps in the 

implementation phase of the projects. The establishment of process control 

manuals through Organizational initiation to have well-defined governance and 

standardized processes addressed some of the AOR elements. The AOR team 

remains function, which does not operate independently to ensure quality product 

delivery without any interference.  

 

• The physical product goes through a quality control process detailed in the PQM, 

and other agreements made during the kick-off meetings relating to 

manufacturing or construction proceedings. The magnitude of a project and the 

type of contract determines the level of involvement on the project activities. 

There have been poor communication by the contractor or service provider to 

ensure that the client is involved in every intervention point before release of 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

108 | P a g e  
 

component as this is evident on the final documentation provided by the service 

provider.  

 

Some of the physical components release or acceptance by the client is not in 

line with the correct processes detailed on the PQM or agreed upon by all parties. 

Both of the aforementioned cases have led to the client design engineers and 

client project management having to consider technical positions from the service 

provider to accept the plant outside of the agreed processes and codes and 

standards. 

The points outlined above have a major impact on the performance of the asset as 

this has the potential to compromise the design and quality of the product 

technically. The section below gives a more specific outline of the issues identified 

on the four cases assessed using the RCA model.      

7.2.1. Auxiliary Boiler Emission RCA 

The Auxiliary boiler is one of the essential systems used during commissioning and 

start-up of the main boiler plant. The purpose of this plant is to generate and supply 

steam to the boiler for the activities aforementioned at the desired parameters. There 

are three small auxiliary boilers constructed for the aforementioned purpose as a 

permanent part of the Power Plant as opposed to other fleet. The design of this 

nature emanates from the design phase with compliance to the regulatory 

requirements as set by the governing body (DEA). The three areas of RCA 

assessment below to give an overview of the gaps, which led to the current non-

compliance:   

Human element 

• The human related gap identified in this regard, emanate from the lack of 

continuous engagement with the necessary forums, which review and revise the 

standards governing the small boilers. The failure to have a well-defined 

communication matrix (RACI) in the Project Charter that integrates with all the 

necessary stakeholder visions and objectives has led to oversight during the 

procurement and registration of the small boilers.  

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

109 | P a g e  
 

 

The leadership which is supposed to drive the implementation of the 

communication procedure are required to ensure that any project decision which 

are impacted by the environmental regulatory changes are continuously attended 

to in order to avoid instances whereby the regulatory bodies are making changes 

which deems the equipment not technologically ready to operate at the desired 

parameters.  

Process element 

• The process challenges identified in the RCA assessment have shown that there 

is a gap on development of the processes to ensure compliance as such major 

investments cannot have a simplified solution to reduce the emissions levels to 

required parameters. The gaps identified are on stakeholder involvement and 

communication, which could have mitigated the current challenges faced by the 

Organization.  

 

Informing the Forum that revises the Air Quality Act, about the conditions of 

operation of the small boilers was vital as part of stakeholder engagement. This 

entails that during development of the standard, a concession could have been 

issues to the organization to operate outside the required parameter, as there 

has not been any budget allocated to the modification of the small boilers. 

Physical element  

• The revised version of the air quality act introduced new set limit for the 

emissions acceptable on the small boilers which meant that any excess 

emissions from the small plant will results in penalties or complete shut-down of 

small boiler plants. The standard published (Regulation No. 35883) for small 

boilers as means of regulating and capping the emissions to the environment has 

led to the constructed boilers not meeting the required set limit.  

 

The governing body has called for the organization to intervene in addressing the 

excessive emissions measured during the operation of the small boilers in order 

to retain the permission to continue operating the small plant. This has led to 
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other risks not catered for during the design phase of the PLCM of having a Plant 

not ready to operate in an event of blackout. The secondary risk relates to 

additional cost incurrence due to failures in the system to assess the readiness of 

the technology before procurement. 

7.2.2.  Coal Mill Effectiveness RCA 

The new build coal mill has been one of the equipment, which has seen major 

damages during its operation, and it was necessary to assess the causes of the 

damage, as this is one of the important equipment for generation of steam in the 

boiler furnace. The coal mill follows the design phase end of life review and 

integrated design review processes, which caters for all aspect of the vertical coal 

mills. The mills have seen major deterioration or damages, which links to design 

deficiencies, coal composition and size issues, and foreign material that end up in 

the mills. 

The RCA on Appendix A2 gives a stepwise causality analysis of the issues 

pertaining to the vertical mills used in the new build boiler plants. The RCA 

performed reveals that there are issues or events from each category (human, 

physical, and process) which contributed to the ineffectiveness of the coal vertical 

mills. The categories assessed in Appendix A3, are as follows:  

Human element 

• The human element has contributed in numerous ways are shown on Appendix B 

and that related to the oversight on the design verification in the initial stage of 

the project (design/engineering phase) which meant that some of the issues 

relating to the final product were not identified and eliminated at that point. The 

event, which might be more related to the quality of the mill as oppose to the 

inception of the coal into the mill, is the quality process oversight during 

manufacturing. This has consequences on providing assurance to the client that 

some of the failures are merely operation failures rather that defect not identified 

throughout the supply chain. 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

111 | P a g e  
 

Preservation and inspection on site might have been another gap, which requires 

process review to ascertain the contribution of the human errors and 

incompetency to perform a task as per the governance or quality processes.  

Process element 

• The process failure of this specific RCA shown on Appendix A3 is due to lack of 

well-defined standardized processes development to address issues at the initial 

stages of the project in order to avoid oversight of important elements such as 

design gaps. The failure in processes has a bearing on the lack of risk 

assessment and risk mitigation strategies and this is evident with the final product 

under operation. 

Physical element 

• The failure to integrate the client IDR, OEM design limitations, and coal 

procurement contract has led to major challenges in terms of ensuring that the 

right quality coal enters the coal mills. The continuous issues with the coal are 

due to the lack of quality control measures to analysis the coal quality and filter 

out the foreign materials and stones. The coal mills rejected foreign material and 

oversized coal are evidence of failure in the supply chain foreign object filtration 

system and this is one of the items which should have been considered in the 

design review phases as it has been on the crashed coal (PF) transported to the 

boiler furnace for boiler fires.  

 

Other related design deficiencies is wearing of mill internal components due to 

stones, iron material, as well as seal air issues, which cause erosion on the 

internal. 

 

7.2.3.  Pulse Jet Fabric Filter Effectiveness RCA 

The Pulse Jet Fabric Filter Effectiveness (PJFF) as a system, which plays an 

essential role in cleaning (removal) of the by-product (particularly Fly Ash) from the 

burnt PF in the furnace, requires operation at optimal point to avoid excess emission 

to the environment. This system and other similar technology have become one of 
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the most crucial in energy production due to the pollution, which comes with the 

types of fuel used to generate steam in a boiler plant.  

There have been challenges on this technology are those issues identified relates to 

the design, human intervention, and process are captured in Appendix A3 PJFF 

RCA. The RCA assessment covers similar categories as indicated on the previous 

RCA, which is as follows: 

Human element 

• The human element issues covered in this category include the design deficiency 

and oversight thereof as detailed on the previous RCA discussion, the quality 

control oversight on manufacturing and construction site. The quality oversight or 

quality process failure links to continuous monitoring of the filtration bags during 

manufacturing, shipping and handling, and installation on site. The damages on 

the bags are one of the evidence of handling and installation issues as well as 

quality control oversight. This type of oversight can be due to lack of knowledge 

and skill from people responsible for manufacturing and construction or pure 

incompetence to detect the damages before plant use. 

Process element 

• The process challenges as discussed on the previous RCA relates to the lack of 

standardization and well-defined process control manual for the project of this 

magnitude. The failure of design processes, AOR process and detail design 

review have led to oversight on identification of risk associated with the level of 

verification and validation at the initial stage of the project. The risk identification 

would have had a positive impact on the overall design due to the opportunities, 

which arise of developing a risk mitigation strategy. 

Physical element 

• The physical failure identified on the RCA also related to the design deficiency 

with the flow pattern irregularities and flow error correction mechanisms not 

adequate. The design does not have adequate measure to regulate the 

temperature from the boiler furnace to the PJFF and this has severe implication 

on the system due to the PJFF Bag accelerated degradation and fly ash erosion.  
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The flow pattern also contributes to the fly ash erosion as well as other failure 

modes such as Bag Blinding, which emanates from uncontrollable high from Flue 

Gas (FG), moisture in the FG to PJFF, Fuel Oil carry-during start-up, and out-of-

specification ash composition. 

7.2.4. Steam Generator Effectiveness RCA 

The Steam Generation Effectiveness (SGE) RCA covers four identified issues, which 

includes copper contamination in the evaporator section, Thermal expansion of 

boiler furnace bundles, RH Spray flow, and heat absorption of evaporator. The 

aforementioned issues assessed using the integrated RCA model as means of 

ensures that there is thorough assessment of the causalities that have led to these 

particular primary events.  

The SGE RCA similar to the other results discussed above takes a glance at three 

areas which are namely; human related events, process related events, and 

physical/equipment related events, and these events are discussed in detailed below 

in a more integrated manner as some of the event are of the same magnitude and 

also common: 

Human element 

• The human aspect of the four assessed SGE cases relates to couple of items not 

necessarily related although some are also highly probably events for due to the 

nature of the project and activities thereof. The human factor, which played a 

crucial role in all the cases, related to design reviews and quality 

control/assurance. There is oversight relating to lack of competencies or skill in 

the initial stages of the PLCM, and lack of stakeholder identification to perform 

certain tasks, in order to ensure all the controls are refined to mitigate major gaps 

in the implementation phase. The aforementioned human related issues are 

across the board and appear on Appendix A4 and Appendix A5, which 

represents all four cases of the SGE.  
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Process element 

• The process related challenges are also issues due lack of integrated 

system/process as per international best practice to enable the organization to 

carry projects at this magnitude. There are process considerations not catered for 

such as having an independent team to verify all project readiness steps to the 

required details in order to mitigate all possible risk associated works execution. 

The readiness team was to comprise of specialized skills in all areas on the 

project ensure that the processes underway are carried out as per agreed 

integrated readiness framework.    

Physical element 

The events experienced by the project depict an induced string of sequential events 

due to few or single identified event or challenge. 

• The identification of thermal expansion issue was on the early stages of the 

project when inspecting one of the New Build unit pressure parts section. The 

non-conformance was primarily to highlight the deficiencies relating to the 

tolerance or clearances between the boiler furnace walls and the suspended 

boiler tubes bundles.   

 

The OEM intervene to correct the non-conformance by trying to optimize the 

position of the bundles in order to achieve the necessary clearance, and in that 

process there was oversight on the clearance between the suspended bundles 

and one of the walls which led to some of the bundle element being misaligned to 

unfavourable positions. Design calculation were carried out and anan agreement 

was made to allowed the OEM to proceed with the construction works, and later it 

was identified that the boiler vertical wall width are not as per the design which 

meant that the absorption surface has been tempered with.   

 

• The copper contamination event is one of the issues, which shows the oversight 

on manufacturing stage of the project. This links to list of issues such as lack of 

competency to evaluate if an organization is ready to manufacture the equipment. 
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There are controls from the manufacturing entity as well as from the client to 

ensure quality of the final product. The oversight on these particular components 

shows the lack of understanding of the ultimate consequences of this 

contamination as well as lack of applicable manufacturing platforms to carry out 

this activity.  

 

This relates to oversight on the engineering phase of the project to coin 

measures, which can reduce the risks of client accepting equipment, which is not 

at the desirable quality due to either lack of tools to verify or well-defined 

systems/process (preventive controls included). The welding machine guide rails 

used distributed the copper to the membrane walls fins and there were scratches 

identified. This type of contamination caused copper embrittlement, which led to 

cracks on the fins. The identified areas were grinded and repaired, although this 

as an event poses a risk on the physical equipment as well as individuals near 

the consequential failure. 

7.3. Qualitative Survey Questionnaire Application 

The need to enhance the knowledge on this study and on the subject has resulted in 

development of a survey questionnaire as well as carrying out the survey. The 

surveys carried out aimed at covering a range of roles within the project 

environment, and that includes interviewing project management, project 

practitioners, design team, as well as the user of the final product. The surveys 

turnaround was 75% in terms of role, which were accessible for acquiring information 

to enhance the AOR framework.  

Although, this is the case, the project team has had a major role in ensuring that the 

plant handed-over operates optimally, thus assuming some of the functions of the 

end-user. Therefore, the data collected provides confidence for purpose of 

enhancing the AOR framework since it covers a significant footprint for the Capital 

Project in the discussion section.   

The application of the qualitative survey questionnaire carried out using the detailed 

shown on Table 12 has questions categorized into 4 section namely; general aspect, 
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physical equipment and availability of data for O&M, competency readiness, other 

which represents the impact of AOR in an Organization. 

 

Table 12: Interviewee qualitative survey categorized into four sections. 
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7.4. Project Information and Data Management Assessment 

The are several aspect of a project which lead to success and one of the major 

contributor to such is the data management which needs to be done according to the 

standards and contract structure agreed upon. The organization has decided to 

employ FIDIC contracting strategy as well as compliance to ISO standards for 

project delivery. Table 13 give substantial evidence on the documentation 

management in the project.  

There is a document submission plan agreed upon by the project and it clearly 

shows that there is some detailed information, which was provided post awarding of 

the tender, or contract. The aforementioned entails that some of the detailed 

documentation were only available late in the project phase due to the approached 

used for contracting, and such planning reveals lack of understanding on the 

importance of thorough assessment or review of the equipment readiness. The lack 

of detailed information in the definition phase has confirmed on the qualitative 

surveys conducted and provided in Appendix C. 

The Table 13 aims at verifying the documentation submitted as prescribed by the 

project milestone and partially highlighted on the agreed updated contract award 

submission. The submission of the information selected for verification shows that 

most of the detail documentation are submitted post definition phase of the project.  

The late submission and delays, which the project experiences are also evident in 

the table and it has been highlight through the surveys that the contract has not 

included provision for penalization due to late document submission. This lack of 

implementation in the project is due to lack of detail in the documents used as 

agreements to hold parties accountable. 
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Table 13: Tabulated technical information and data submitted compliance verification.  
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8. RESULTS AND DISCUSSION 

This section of the report gives details of the assessment conducted using the AOR 

Assessment tool, which comprises of components extracted from the detailed AOR 

process flow framework proposal. The section covers four cases assessed using gap 

analysis in a form of consolidated multi-technique RCA, and proposes multi-

disciplinary AOR framework.  

The cases discussed include the auxiliary boiler plant, coal mill plant, Pulse Jet 

Fabric Filter (PJFF), and steam generator. The assessment further outlines the 

results from using of multi-disciplinary AOR framework assessment tool, obtained 

from the assessment of the entire mega capital project boiler plant. The assessment 

concluded using real data from the only local mega capital project in decade. 

The discussion below gives insight on the state of the project and failures within the 

Project Life Cycle Management (PLCM). The challenges faced in the PLCM have 

high indirect and direct cost implication for all the defects and delays causes in the 

delivery of the project. There is confirmation by any personnel in the organization 

that there has been failure in delivery of New Build project at an optimized cost, as it 

is evident that the budget projected exceeds 50% of the original set value.  

The cost excursion relates to several systematic and process failures but that does 

not exclude the boiler plant assessed. The cost overrun which have been experience 

also give evident of magnitude of the rework conducted and delays caused which 

ultimately results in claims against the client. The delays in delivering the project 

attributes but not limited to the lack of interface management amongst various 

stakeholders as well as contractual flaws to ensure the successful bidder is 

accountable. 
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8.1. Overall AOR Framework GACS Discussion 

The assessment conducted with the information from one of the mega capital project 

gives insight on several elements to improve. This AOR assessment Framework is 

one of the rare assessment tools, which have various elements that aid in assessing 

a project in each stage to ascertain the readiness to operate, and this assessment 

applies to any projects ranging from small scale to mega scale. This section details 

the assessment conducted and outlines key point, which contributes to the 

performance as shown in Figure 38, Table 14, and Appendix B. 

 

Table 14: Result extracted from the boiler AOR assessment detailed on Appendix B. 

Figure 38 gives a clear illustration of the results for each category. The legend on the 

graphical representation reflects PLCM phases sectioned for scoring each stage of 

the project. The graphical representation shows that there were more challenges 
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during the implementation and commissioning phase of the project when compared 

to the initial phases. 

 

Figure 38: Graphical Representation of AOR case study assessment showing all the 

categories. 

The maintenance shows a major lag in comparison to other categories and it is one 

of the key contributors to the overall performance of the project. The phase, which 

shows good sign although not necessarily meeting the expectation of 100% 

performance, is the conceptualization phase with an overall score above 80%. The 

conceptualization phase is one area, which does not require major intervention from 

the organization, and this entails that the organization needs to invest on the 

detailing phase as well as implementation and commissioning phases. 

The results for assessment carried on each case has been consolidate below to give 

an overview of the new build boiler plant status in relation to best practice AOR 
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framework proposed. The section below covers in depth discussion on issues 

identified in the elements of AOR as shown on Figure 38. 

8.1.1.  Readiness of Maintenance during operation stage 

The assessment shows that there challenges such as implementation of 

maintenance philosophy, has led to the project not realizing some of the milestones, 

which were planned in the early stages of the project. There are minimum 

requirement as per the proposed method, met with delays on the spare part plan and 

partial implementation of maintenance plan and costing associated. The failure to 

have a comprehensive maintenance philosophy on time has led to issues associated 

with procurement, as the client specification does not cover extensively the 

procurement of spare part for the purpose of maintenance and operation. Although 

the specification does mention maintainability of the plant, it remains a difficult to 

conclude on the details of spare part supply in most cases. 

There are some decisions made, which did not factor the possibilities of late 

data/information submissions and this can be associated to lack of experience on 

mega projects and hindrances thereof. 

Resource plan for maintenance of the asset is one of the component, which required 

major improvement should there be any future projects. This was factored partially 

with late involvement to the project, which led to issues with taking over the plan and 

also not sufficient period to understand the issues associated with the project before 

operation. 

The assessment showed that the project had correct knowledge of the requirement 

of maintenance as outlined in the URS. The OEM has developed the manuals at the 

earlier stage of the project from their templates as well as using off-the-shelve 

equipment manuals. This has eased the project challenges when it comes to 

maintainability of the plants. Although this is the case, it still remains that the level of 

detail has had an impact on the overall project performance. 
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8.1.2.  CMMS Planning and Implementation Readiness 

Data Acquisition is one of the key elements for a successful Computerized 

Maintenance Management System (CMMS). This has been a challenge for the 

project due to a number of reasons including delays in data or information, changes 

of systems, which meant migration (not well executed) from one database to 

another, document management not carried out correctly during migration process, 

which led to engineering having to revisit and verify data supplied per dossier.  

The Training of users was conducted with delays in implementation, which is one of 

the factors for score reduction although the overall percentage. The limited training 

provided to certain department is not a good practice when the aim is to integrate all 

stakeholders to have synergy in project delivery.  

The synchronization and details of data migrated from CMMS (SPO design data) to 

client CMMS (SAP for maintenance) is not evident as there are issues or challenges 

from the client side to source data from system.  

8.1.3.  Life Cycle Risk Control Readiness 

The risk and safety measures were in place through the life cycle of the project 

because the organization remains robust on ensuring that the environment is safe 

and conducive. The confirmation is a good overall rating shown on Figure 23. There 

are issues, which relates to risk oversight that led to incidences, which have 

occurred in the past, and these incidence experienced during the project reveals that 

there is a need for improvement on the risk controls to ensure that the project avoid 

major damage to the property and injuries to personnel. 

 There are issues, which relate to oversight as seen with the incidences, which have 

occurred in the past also detailed on the Root Cause Analysis (RCA) on the report. 

These incidence experienced during the project reveals that there is a need for 

improvement on the risk controls to ensure that the project avoid major damage to 

the property and injuries to personnel.  

The risk register has not been update progressively in the project life cycle and there 

are certain items, which are contributing to the performance of the final product 
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particularly on the steam generator, which shows oversight on the details of the risks 

in the project. This need to improve on future project and asset operational view is 

required when assessing the plausibility of the product promised during tendering 

stages. 

8.1.4.  Operational Readiness Planning and Implementation 

The gap analysis in a form of lesson learnt for the project were documented 

progressively with a number of delays, which entails that the lesson learnt from the 

first power block has not been utilized in the successive block. The mitigation of the 

gaps identified has been ineffective throughout the project life cycle. This is evident 

in the RCA conducted in this study, which shows possibilities of preventing some of 

the instances by acknowledging the challenges faced, and ensuring that there are 

mitigations actions in place prior to commencement. 

There are defects picked up, which have emerged from the construction activities. 

Some of the defects have not been resolved within the defect periods and this has a 

major contribution to the availability and reliability of the plant. The maintenance cost 

is one of the concerns, which the client has to deal with, as some of the failures are 

not justifiable during operation.  

Design review procedure compared to an Asset Operational Readiness (AOR) 

document or Framework, is one of the key factors, which have major contribution to 

the reduced percentage of the AOR Readiness planning score. This is due to the 

delays in implementing a comprehensive model to deal with the operational 

readiness challenges as and when required in the life cycle of the project. There are 

also concerns in the details of the assessment during multiple reviews conducted 

such as end of phase review, integrated design review, and design freeze. The 

challenges of detailing during the review stages are evident with the multiple 

interface related issues experiences in all the fleet. 

The RAM Study (RAMS) developed by the project does not provide sufficient details. 

The RAMS has not been updated with the defects and changes made during the 

course of implementation.  
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There are also issues with the integration of department to have all stakeholders 

aware of project drives and boundaries. There is evidence during the execution 

phase with department assuming roles, which are not necessarily included in their 

mandates. 

The RCA, surveys and case study conducted has revealed that there are issues with 

the stakeholder engagement to ensure that there is clear business objective when 

going through all the phases to deliver a sound product, and this can be seen with 

the lack of knowledge on project related documentation and the expectation from 

each project participant. There are also issues with the integration of department to 

have all stakeholders aware of project drives and boundaries. This appears during 

the execution phase with department assuming roles, which are not necessarily 

included in their mandates. 

8.1.5.  AOR Support Planning and Implementation 

The outsourced service for AOR were not executed to the required standards and 

has led to challenges, which are considered legacy issues of the projects causing a 

major upset to the delivery time of the project and the quality of the final product. 

This has also led to delays and issues with the documentation required for handover 

of the Asset. 

The absence of some of the software and tools required for detailed assessment 

designs have also contributed to the outcome of the product due to induced redesign 

and re-engineering of designs improvements. The limitation with the tools entails that 

the assessment are conducted at a high-level for the purpose of initiating the 

execution stage of the project and this increases the risk associated with the 

assessed equipment.  

 

Although this has a relatively high rating in comparison to the some of the 

assessment categories, AOR team roles and responsibility remains one of the major 

key element, which needs improvement. The Roles and responsibilities challenges 

emanate from the failure to clearly define the boundaries in the initial stage of the 

project when it comes to design engineering and AOR roles and responsibilities.  
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8.2. Qualitative Survey Questionnaire Discussion 

This section of the report outlines the survey results acquired through the interviews 

carried-out. The survey categorized are shown in Table 12 and includes; general 

business overview, which deals with the existence of the AOR strategy, 

Organizational ability to deliver a sound product with the necessary documentation 

and spare parts for maintenance, competency of the resource to execute the set 

roles, as well as the perception on the effectiveness of the implemented AOR 

strategy.    

The following gives the items highlighted during the survey conducted and 

incorporated in the AOR framework development as well as the discussions:    

• The Organization approach for this capital project had gaps in term of ensuring 

that there is optimized interface, and that all the requirements validated through 

an AOR point of view. The finding, which relates to this area, is that the current 

documentation developed by and for the organization does not have sufficient 

information to eliminate ambiguity in implementation and commissioning phase of 

the project.  

 

• The competency challenge is one of the items raised through the survey and this 

is one of the important parts of AOR effectiveness for product delivery. The 

competency to perform certain tasks materialized later in the project due to the 

need to resolve certain failures in the processes. The human resource strategy 

employed in the project was intentionally for the magnitude of the project; failure 

thereof resulted in a domino effect of failures to attend to the issues, which arose 

in the initial stages of the project. 

 

• The client or the end-user has failed to plan for the inevitable reality, which calls 

for implementation of RBI having known the drive of the organization on 

maintainability of the fleet. The RBI implementation remains an issue due to 

failure to produce all the necessary maintenance and operation information. The 

failure to implement RBI has led to the project team having to intervene to ensure 

that the completion of the activity. The client should be part of the planning phase 
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of the project to eliminate issues of asset maintenance, which remains an issue in 

the project. 

 

• The project has experience a high defects on the manufacturing stage, which has 

led to a need for high attention of the identified issues in order to reduce the 

failures during commercial operation. The defects identified affected the RAMS of 

the Asset and the project OEM has failed to revise the RAMS, as this does not 

feature in the contractual agreement. 

 

• There are numerous issues, which have led to the hike in the budget for the new 

build projects and one of the main challenges relates to the payments of the 

milestones. The contract structuring was in a way that it assists in ensuring that 

the works performed translate to quality end-product. The lesson learnt from this 

is part of the amendment, which is inevitable to the AOR framework as it is clear 

that the details of the governing documents have contributed to the failure of the 

projects. 

 

• The challenges experienced in the project, requires documenting to enable the 

organization to have sufficient knowledge when implementing future projects of 

similar magnitude with reduced risk of compromised product quality and 

performance. 

 

• The tools used to perform AOR only exist in the PLCM but no implementation 

throughout the project life. The documents such as end of phase reviews and 

integrated design reviews serves as project gatekeepers, and this means that the 

risks are not curbed as they emanate but rather on the final stage of consolidated 

engineering activities. This is one of the issues, which results in granting of 

concessions due to the investment already committed.  

 

• The project has developed an AOR tool, which looks at completeness of all 

engineering aspects of the project in order to ensure integrity of the Asset during 

operation. The tool comes later in the project due to all the challenges 

experienced, and this affects effectiveness of the tools. The failure of the tool to 
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ensure that the gaps are closed is due to its application, which comes as re-

engineering mechanism in the project. The reactive approach on AOR of 

documenting or verifying completion of does not yield positive results even if the 

tool could be of great value.  

 

• There is lot of energy invested on certain activities such as administrative and 

requires advance methods such as programme coding. There need to 

advancement could result in high productivity to deliver the product. The AOR 

matrix tool aforementioned is one of the examples of an e-system application. 

This system has failed to meet the minimum required standards of ensure 

transmission, reviewing, and approval of documentation, to easily access reports. 

 

• The items such as Reliability Availability Maintainability Studies (RAMS) and 

Failure Mode Effect Criticality Analysis (FMECA) is required even for components 

and systems, which are not or a critical nature.  

 

Figure 39: Graphical representation of quality survey results categorized in four 

sections. 

The Figure 39 shows a graphical representation of the results tabulated in Table 15 

and Table 16. The graphical representation gives a substantial view on the 
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discussion above as seen that the 4th category (AOR impact) remains one of the 

areas of concerns with huge improvement required.  

 

Table 15: Quality Survey scoring per interview conducted. 

Figure 39 and Table 15 gives a view of the candidates interviewed during the survey. 

The candidates’ participation was through all the categories as shown on Figure 39 

in order to have a clear view of the sentiments on the project. There was sufficient 

evidence that most of the candidate felt the general aspect, AOR skill–set & 

competency, and AOR impact were not the Organizational strong point. The partial 

implementation of AOR and delays in implementation of some AOR components 

might have a bearing on the dissatisfaction of the candidates, as there are various 

signs of failure in the system, which suggests non-existence.   
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Table 16: Quality survey categorization for interviews conducted in percentile. 

The results under “general” shows that execution was not at the minimum required 

and needs improvement. The “equipment and data” execution requires improvement 

although is evident that the some data requirement has been met. The “skills and 

competency” category requires huge improvement as it appears that most of the 

candidates feel that the organization has not invested sufficient in attending to this 

area. Lastly, the “impact” of the employed AOR shows a negative sentiment from the 

participants. 

8.3. Summary of AOR Framework Output 

The purpose of this section is to provide a summary of the AOR framework 

development and application. The purpose of the study was to develop an AOR 

framework, which can aid O&M team to manage the Asset delivered. Based on the 

intent of the study a comprehensive summary provides in-depth AOR framework 

possible areas of improvements:  

The study fulfilled through development of an AOR framework and application 

thereof, and refined with the use of methodologies inclusive of RCA, AOR 

Assessment tools, Qualitative survey tool, and scoring systems, provides a basis for 

further improvement as shown in Figure 40. The AOR framework application to 

various case studies in line with PLCM, and embedded scoring system enables a 

stage wise assessment of each component to rank the performance of each AOR 

framework class. The stage wise provides an overview of the areas that require 

expansion to have a profound outcome. 

The AOR framework application, results, and discussion in the research study 

provides confident in terms of impact of a well-developed AOR framework in capital 

project execution. The results obtained and discussed enables provides evidence of 
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the need to further decomposition into sub-components for enhancement of the 

results.  

 

 

 

 

 

 

 

 

Figure 40: Schematic showing a summary of an AOR framework with Improvement 

features. 

Figure 40 provides improvement features used to revise the AOR framework to 

obtain a more refined rating for each phase of the PLCM. The decomposition of the 

AOR framework component needs to re-align with project activities as detailed in the 

PLCM to allow for an optimized assessment approach.  
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9. CONCLUSIONS  

The literature study covered in this document has detailed the AOR key elements 

throughout the PLCM with the consideration of interrelationship between the 

personnel, process, and the physical engineering assets. The elements of the AOR 

detailed include readiness to maintain the asset, computerized maintenance 

management system, the risk of delivering a project from an AOR view, support for 

AOR, which features AOR team and tools, and the main component which is the 

AOR strategy which caters for establishment of planning and implementation in order 

to effectively delivery a quality product. 

The challenges or gaps which prompted the research of a non-integrated and poorly 

facilitated AOR function in one of the largest recent capital projects in Africa, have 

enabled a significant contribution to efforts to improve AOR theory and application. 

The first contribution which is evident in the research and has been used to assess 

the gaps, includes the development of a multi-technique RCA, which incorporates 

bow-tie, five whys, fish-bone, and Kepner-Tregoe, to establish the root causes of 

AOR related deficiencies.  

The second contribution is the development of a best-practice AOR framework, 

which incorporates various concepts found in the literature to optimize the existence 

of each AOR component in a PLCM. The Framework, in the form of a process, leads 

to the development of the AOR framework assessment and refinement tool. The key 

noticeable feature of the Framework and the Framework assessment tool, which 

differs from the existing AOR frameworks, includes the following: 

• Stepwise assessment using PLCM Stages embedded with a scoring system. The 

assessment and scoring uses an enhanced AOR as detailed in the study 

discussions. 

• The integrated AOR multi-disciplinary Framework applies to various entities or 

project due to the diversified approach used in the literature review. 

• The research also shows that the assessment tool has the capability to ascertain 

the performance of all categories of AOR by weighing components of different 

categories at all the stages of a PLCM.    
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Thirdly, the research also included an intensive assessment of various elements 

within the boiler plant of a mega coal power generation plant project, as a means of 

demonstrating the feasibility and significance of the proposed Framework and 

assessment tool.  

The AOR assessment tool with an embedded scoring system enhancement with the 

use of multi-technique RCA and qualitative survey has shown that each category is 

significant to achieve a successful product delivery from an AOR perspective. In 

addition, the study shows that an AOR framework assessment tool requires a 

scoring model that caters for each phase of a PLCM for all categories. This ensures 

that an organization or a project appreciates the magnitude of the risks induced by 

gaps identified in each phase of PLCM. 

The assessment shows that there were implications for inadequate development and 

implementation of any of the items in the proposed Framework, derived from the 

diversified literature study conducted. The implication can range from re-work during 

manufacturing and construction, poor product quality delivery, poor performance 

post commissioning, and overall cost overruns as detailed in the discussion.  

The assessment conducted also provided conclusive evidence that it is vital for a 

project to have a well-defined AOR process or Framework with all the required 

categories. This will aid a project to realize its potential and yield positive results, 

which will ultimately benefit an organization from a quality product delivery, cost 

reduction perspective, and O&M of engineering asset.    
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10. RECOMMENDATION AND PROPOSED FUTURE RESEARCH 

The recommendations and future research proposed are as follows but not limited to 

the following point listed below: 

• The AOR framework has provided details in terms of the components assessed 

to ascertain the score applicable to each phase. Although this is the case, it is 

important to further detail the components as part of future research work to give 

insight on each component and the level of assessment required. 

• An extended validation of the framework is required from other industrial 

engineering assets as an expansion to this research study. The validation should 

include other fields, which have different Asset delivery approach and perception 

to ensure that the Framework is diverse enough to deal with all the types of 

situation. 

• The framework has been validated to a certain extend as discussed in the report 

with few limitation which needs to be addressed in future work. The 

recommendation in this regard is to apply the framework on a new real project 

(from the feasibility phase to Commissioning phase) to ascertain the feasibility 

and usefulness. 

• The implementation of the Framework in a real project is one of the key to 

validate cost realization as suggested by the literature review for deploying a 

well-defined AOR framework. The validation of the cost is an additional 

consideration to an entity to implement this specific AOR framework. A 

recommendation is that a cost modeling study conducted to baseline direct cost 

and schedule impact due to AOR in the organization in order to realize the 

benefits thereof. 
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20. APPENDIX D: QUALITATIVE SURVEYS SCORING 

 

 

 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

176 | P a g e  
 

 

 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

177 | P a g e  
 

 

 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

178 | P a g e  
 

 

 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

179 | P a g e  
 

 

 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



ASSET OPERATIONAL READINESS ASSESSMENT OF NEW BUILD POWER PLANT EQUIPMENT 

      

 

180 | P a g e  
 

 

 

 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 


	1. ABSTRACT
	2. ABBREVIATION AND DEFINITION
	3. INTRODUCTION
	3.1. Research Study Problem Statement
	3.2. Research Study Approach
	3.3. Research Study High-level Preview

	4. LITERATURE REVIEW
	4.1. AOR Framework Requirements and Considerations
	4.1.1. AOR Framework Optimization Considerations
	4.1.2. Industrial Implementation requirements
	4.1.3. AOR Framework Modelling Systematic Methodology
	4.1.4. AOR Framework Alignment Success Factors

	4.2. Capital Assets Readiness
	4.2.1. Operational Readiness of Physical Assets
	4.2.1.1.  Generator Operational Readiness
	4.2.1.2.  Generic Transmission Infrastructure Readiness

	4.2.2.  Pilko AOR Overview for Capital Projects
	4.2.2.1. AOR Key Success Drivers
	4.2.2.2.  AOR Process Components
	4.2.2.3.  Benefit for Improved AOR Model


	4.3. Project Management AOR Overview
	4.3.1. Project AOR requirements
	4.3.2. AOR Component System Integration
	4.3.3.  Project Support
	4.3.3.1. Competency Requirements
	4.3.3.2. Project Asset Handover
	4.3.3.3. Managing and Evaluating Engineering Asset Performance

	4.3.4. Project Management AOR Framework

	4.4. AOR Standards Overview
	4.4.1.  AOR Inter-operability Framework
	4.4.2.  Department of Energy AOR Framework
	4.4.2.1.  Physical Equipment Challenges
	4.4.2.2.  AOR Process Monitoring
	4.4.2.3.  AOR Component Assessment and Support


	4.5. Rail Industry AOR Framework
	4.5.1.  Physical Asset Readiness assessment
	4.5.2.  System Integration Readiness Assessment
	4.5.3.  Manufacturing Readiness Assessment
	4.5.4.  System Readiness assessment

	4.6. Mining and Oil Industry Project Readiness
	4.6.1.  Readiness Related Challenges
	4.6.2.  AOR Remedies for Challenges
	4.6.3.  Mining and Oil Industry AOR Framework
	4.6.3.1. Flour Corporate AOR Framework
	4.6.3.2. Mining Industry AOR Process Flow Framework


	4.7. Asset Maintainability Readiness
	4.7.1. Maintenance Strategy Readiness
	4.7.2. Reliability focused Maintenance Strategy
	4.7.3. Computerized Maintenance Management System
	4.7.3.1. CMMS Requirement for success
	4.7.3.2. E-Maintenance in an Organization


	4.8. AOR Framework Refinement Tools
	4.8.1. Overview on types of RCA models
	4.8.1.1. RCA Techniques
	4.8.1.2. Bowtie RCA Techniques Expansion

	4.8.2. Project Key Performance Indicator

	4.9. Project Cost Benefit for utilizing AOR
	4.10. Literature Summary

	5. AOR THEORETICAL FRAMEWORK
	5.1. AOR Framework Development and Support
	5.1.1. AOR Strategy and Project Support
	5.1.2. Manpower integrated Plan and Training
	5.1.3. Information Quality Management

	5.2. Asset Maintenance Readiness
	5.2.1. Maintenance Strategy Readiness
	5.2.2. Computerized Asset Maintenance Management System

	5.3. Project Risk and SHEQ Management
	5.3.1. Asset risk management
	5.3.2. Safety, Health, Environment, and Quality

	5.4. Asset Life Cycle Value Optimization

	6. AOR THEORETICAL FRAMEWORK REFINEMENT METHODOLOGY
	6.1. Root Cause Analysis Tool
	6.2. AOR Framework Case Study Assessment Classes
	6.3. Quantitative Survey Questionnaire
	6.4. Proposed AOR Framework Scoring Model
	6.5. Proposed Quantitative Survey Questionnaire Scoring Model

	7. AOR THEORETICAL FRAMEWORK APPLICATION
	7.1. AOR Framework Case Study
	7.1.1.  Case Study:  Auxiliary Boiler System Effectiveness
	7.1.2. Case Study:  Coal Mill Effectiveness
	7.1.3.  Case Study:  Pulse Jet Fabric Filter Effectiveness
	7.1.4.  Case Study:  Steam Generator Effectiveness

	7.2. Root Cause Analysis Study
	7.2.1. Auxiliary Boiler Emission RCA
	7.2.2.  Coal Mill Effectiveness RCA
	7.2.3.  Pulse Jet Fabric Filter Effectiveness RCA
	7.2.4. Steam Generator Effectiveness RCA

	7.3. Qualitative Survey Questionnaire Application
	7.4. Project Information and Data Management Assessment

	8. RESULTS AND DISCUSSION
	8.1. Overall AOR Framework GACS Discussion
	8.1.1.  Readiness of Maintenance during operation stage
	8.1.2.  CMMS Planning and Implementation Readiness
	8.1.3.  Life Cycle Risk Control Readiness
	8.1.4.  Operational Readiness Planning and Implementation
	8.1.5.  AOR Support Planning and Implementation

	8.2. Qualitative Survey Questionnaire Discussion
	8.3. Summary of AOR Framework Output

	9. CONCLUSIONS
	10. RECOMMENDATION AND PROPOSED FUTURE RESEARCH
	11. REFERENCES
	12. ACKNOWLEDGEMENT
	13. APPENDIX A1: AUXILIARY BOILER ROOT CAUSE ANALYSIS
	14. APPENDIX A2: BOILER COAL MILL ROOT CAUSE ANALYSIS
	15. APPENDIX A3: PJFF ROOT CAUSE ANALYSIS
	16. APPENDIX A4: STEAM GENERATOR ROOT CAUSE ANALYSIS PART 1
	17. APPENDIX A5: STEAM GENERATOR ROOT CAUSE ANALYSIS PART 2
	18. APPENDIX B: OVERALL BOILER CASE STUDY ASSESSMENT
	19. APPENDIX C: QUALITATIVE SURVEYS
	20. APPENDIX D: QUALITATIVE SURVEYS SCORING



