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Abstract: Production assurance programs describe the activities necessary to fulfill 
the objectives, how they will be carried out, by whom, and when. The activities 
provide input to decisions regarding concept, design, manufacturing, construction, 
installation, operation, and maintenance of plants. It is a challenge to manage and 
improve production assurance. The aim of this paper is to present and discuss a 
methodology for improvement of production assurance performance, organized into 
four steps: i) data collection and information management; ii) modeling and data 
analysis; iii) generation of improvement alternatives; and iv) evaluation and decision 
making. 
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1. INTRODUCTION 
 
The concept of Production Assurance (PA), 
successfully implemented in the oil and gas 
industries, can be adapted to manufacturing and other 
industries. Traditionally, manufacturing companies 
use the Overall Equipment Effectiveness (OEE) 
concept, a core measure of production plant 
effectiveness as advocated in the Total Productive 
Maintenance (TPM) philosophy (see Nakajima, 
1998), to measure the effectiveness of production 
plants. PA integrates OEE with organizational 
capabilities as in TPM but also considers market 
requirements and customer demands. In other words, 
OEE indicates how effectively a production plant is 
being used compared to the designed capacity (OEE 
= 100%) while PA shows how a production plant 
meets market requirements and customer demands. 
The value of OEE for a production plant is less than 
1 but that of PA can be more than 1, indicating 
greater production than demanded. 
 
PA is used to describe how a system can meet 
demand for deliveries or performance, thus being an 
appropriate plant performance measure (see 
Barabady and Aven, 2007; Kumar and Barabady, 
2007; Kawauchi and Rausand, 2002 etc. for detailed 
discussion). Production availability, deliverability, 
and other appropriate measures can also be used to 

express PA. Production availability also referred to 
as throughput capacity, can be calculated as follows: 
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There are many challenges in improving PA relating 
to the characteristics of technical equipment as well 
as of the organization and work force. Equipment 
characteristics such as reliability, maintainability, 
maintenance support procedures, and capacity in 
particular have a major influence on PA. These 
characteristics are not only decided by the equipment 
design, but are also influenced by how operators use 
the equipment, how well they are trained to 
repair/restore the equipment when it fails, the quality 
of documentation etc. 
 
The question of how to meet PA goals for a 
production plant arises when the estimated 
performance is inadequate and efforts are needed to 
improve it. This then becomes a resource allocation 
problem at the component/subsystem level. 
Engineers and managers of Production Assurance 
Programs (PAPs) are often called upon to make 
decisions as to whether to improve a certain 
component or components in order to achieve better 
results. For example, Figure1 displays production 
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facility performance including throughput and 
availability as a function of time as illustrated in Gao 
& Markeset (2007). The thin line illustrates 
designed performance including plant shutdown 
periods for overhauls. The thick line illustrates actual 
performance. The actual performance is less due to 
reduced availability, inefficient operation and 
maintenance, slow facility shutdown and startup 

during overhaul periods, periods of reduced capacity 
performance, bottlenecks in the technical systems, 
etc. If one, for example, manages to remove 
production system bottlenecks and increase the 
performance, shorten the plant shutdowns and start it 
up faster, the plant capacity throughput and profit 
will increase.  
 

 

Time

Performance

Achieved 
production 

performance

Designed 
production 

performance

Actual achieved downtime
Designed downtime for overhauls and modifications

Minimized downtime through better maintenance, logistics, maintainability, 
support modification and overhaul planning, logistics, maintainability and support

Deferred production due to reduced 
availability, process bottlenecks, 
inefficient operations, etc. 

Possible production increase 
by improving maintenance 
overhaul planning

Reduced 
availability and 
throughput

Slow plant 
shutdown

Slow plant 
startup

Modification to 
increase capacity

Delivery from compensative 
substitution, storage, linepack, etc.

 
Figure 1: Figure 1: Planned, actual, and improved production performance (Gao & Markeset, 2007). 

A production assurance program should include a 
continuous measurement for PA. Some issues need to 
be resolved during PA improvement or the 
optimization process in the design and operation 
phases, such as: i) where best to attempt 
improvements in PA, and ii) how to effect 
improvements in PA after identifying areas meriting 
attention. Finding appropriate solutions can be quite 
difficult, as they are frequently not obvious, 
especially for problems resulting in PA loss. The aim 
of this paper is to present and discuss a framework 
for improvement of PA for a production plant using 
PAP. The rest of the paper is organized as follows. In 
Section 2, we briefly review the concept of PAP. 
Section 3 defines and discusses a framework for PA 
improvement using PAP. Section 4 contains the 
discussion and conclusions of the paper. 
 
 

2. PRODUCTION ASSURANCE PROGRAMS 
 
This section presents and discusses different 
elements of PAPs based on the existing literature. As 
there is no formal definition of a PAP, first we 
include a typical definition (Barabady and Aven, 
2007):  
 
A PAP is a formal management system, which 
assures the collection of important information about 
plant performance throughout each phase of its life, 
and directs the use of this information in the 
implementation of analytical and management 

processes which are designed to meet two specific 
objectives: 
 
• Confirmation that the plant is expected to attain, 

or continues to attain, each of its performance 
goals such as production availability, 
deliverability, technical integrity, and reliability 
to reduce the total business risks, and to meet 
customer demands and achieve profit goals. 

• Facilitation of identification of opportunities and 
cost-effective ways to implement and execute 
improvement actions needed to enhance 
production availability performance, reduce risks 
and uncertainties, and improve profits, 
effectiveness, efficiency, and productivity. 

 
A PAP focuses on the expenditure of resources 
available for performance improvement in areas 
where the economic return is largest, and on 
optimization of the design and operation of the plant.  
 
A typical PAP comprises four broad functional 
elements: 
 
i)  Goals and performance criteria: A PAP requires 
the definition and assignment of a broad set of high 
level plant goals and performance criteria to be used 
for comparison with actual or predicted plant 
performance. The goals and criteria may be either 
deterministic or probabilistic. We will return to this 
issue in Section 3. For a recent and general reference 
on how to define appropriate goals and criteria, see 
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Aven et al. (2006) and Hjorteland & Aven (2003) 
and the references therein.   

ii) Management and implementing procedures: 
Management is a continuous activity throughout all 
phases of an engineering project.  

iii)  Analytical tools and investigative methods: A 
PAP uses a set of investigative and analytical and/or 
simulation methods and attempts to calculate and 
maximize the reliability, availability, and capacity of 
important subsystems or components.  

iv)  Information management: The effectiveness of a 
PAP depends on the quality and accessibility of the 
information used to provide the feedback to the 
management systems about how well the system is 
performing and where to obtain improvements. A 
typical data collection process gathers data from 
different sources into one database where data type 
and format are pre-defined (ISO/DIS 14224, 2004).  
 
 

3. IMPROVEMENT OF PRODUCTION 
ASSURANCE 

 
The objective of continuous improvement in a 
production plant is the improvement of PA 
performance. The primary objectives generally 
include the following: 
• Identification of subsystems or components which 

are potentially significant contributors to 
production losses or important risk factors, and 
identification of those with a potential for 
improvement, which may warrant extra 
expenditure.  

• Identification of all important trends in the 
performance of the systems and identification of 
areas of possible improvement. 

• Identification of the causes of individual 
performance problems and definition of effective 
remedial measures which remove or prevent their 
re-occurrence. 

• Prediction of the worth of proposed improvements 
to guide the justification and prioritization process 
for system modifications and changes, and 
optimization of expenditures to provide the 
greatest benefit within the shortest period of time. 

 
The PA improvement program consists of a set of 
management systems and processes which provide 
the individual success paths needed to achieve the 
above objectives. The output from this program will 
be a continuous improvement plan consisting of 
prioritized and justified current and proposed 
corrective actions designed to achieve an optimal 
level of plant PA, which can be arrived at by trading 
off profit margins per unit of production with the 
incremental cost of availability. The program will 
provide an integrated documented summary of all 
aspects of production plant performance to guide the 
overall plant management process.  In this section, 

we present a decision framework for PA management 
and improvement, with the aim of meeting the above 
objectives. The basic features of this proposed 
framework are illustrated in Figure 2, consisting of 
four steps: i) data collection and information 
management; ii) modeling and data analysis; iii) 
generation of improvement alternatives; and iv) 
evaluation and decision making. 
 
 
3.1. Data collection and information management 
 
Three basic steps should be performed before data 
analysis for determining PA characteristics: i) 
collection of data from different sources; ii) sorting 
of the data required for analysis; and iii) 
classification of data in the form required for the 
analysis (i.e., time between failure [TBF], time to 
repair [TTR], frequency, total breakdown hours, total 
working hours, total maintenance hours etc.). It 
should be noted that PA improvement depends on 
experiences from real life usage. Therefore, 
establishment of correct and relevant PA data 
requires a data qualification process involving high 
attention to original data sources and interpretation of 
available statistics and estimation methods for 
analysis of usage (refer to Norsok-Z016, 1998; 
ISO/DIS 14224, 2004 for basic principles on data 
collection). It is essential that the production plant 
information system provides the necessary feedback 
to define: 
- How well the production plant is performing in 

comparison to established goals and requirements. 
- Where and why the deviations occur. 
- How to define cost-effective solutions to achieve 

the necessary improvement. 
 
 
3.2. Modeling and data analysis 
 
Modelling and analyses of PA provide a basis for 
decisions concerning choice of solutions and 
measures to achieve optimum economy within the 
given constraints. The analyses must be performed at 
a point in time when sufficient details are available. 
However, results must be presented in time for input 
to the decision process (Norsok Z-016, 1998).  The 
objectives of this step can be to: 
 
i) Predict PA, system availability performance, 

reliability performance etc.  
ii) Identify operational conditions or equipment 

units critical to PA. 
iii) Establish reasons for failure causing production 

losses as well as increased risk. 
iv) Identify technical, organizational, and 

operational measures for PA improvement 
v) Provide input to activities such as maintenance, 

spare parts planning, and logistics. 
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Figure2. Production assurance improvement and management process 

 
 

Results of the evaluation process are compared to 
PAP goals and requirements, which if are not met, 
should lead to initiation of PAP improvement 
activities. If goals and requirements are met or 
exceeded, then they can be updated and additional 
analyses carried out.  In this step the concept of 
importance measure is used to find the criticality of 
each component or subsystem. Criticality analysis, a 
key part of the PA quantification process, enables the 
weakest areas of a system to be identified and 
consequent modifications to achieve PA 
improvement. Several importance measures are 
commonly used in the reliability, maintainability and 
availability processes. The appropriate measures 
depend on the specific decisions that need to be made 
(refer to Aven, 1986; Barabady and Kumar, 2007 for 
further discussion).  
 
 
3.3. Generate improvement alternatives  
 
The objective of this step is to create different 
alternatives for PA improvement if the result of step 

2 shows that the production plant is not able to meet 
performance criteria. In such case, alternatives or 
recommendations should be sought to avoid 
production losses and improve PA performance. 
These could be related to improving different terms 
of dependability as well as capacity performance 
influencing PA performance, e.g., reliability, 
maintainability, and maintenance support 
performance.  
 
 
Reliability performance improvement. The formal 
definition of reliability according to IEV 191-02-06 
(2007) is as follows: “The ability of an item to 
perform required function under given conditions for 
a given time interval”. Recommendations or 
alternatives could be created to improve the 
reliability of components/subsystems critical in the 
production plant. The aim is to prevent the 
occurrence of failures and also to eliminate their 
effects on the operational capability of the systems. 
Such alternatives/recommendations should focus on 
factors influencing reliability performance.  
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Figure 3 shows how to maximize the reliability 
performance of the System, Structure and 
Component (SSC) through decreasing the failure 
rate, in other words, increasing the mean time 
between failures. The downtime may be influenced 
by a system’s maintainability characteristics.  How a 
system should be maintained needs to be assured in 
the design stage.  
 

In the operation phase, the reliability of a system can 
be improved through modification of the system as 
well as operational and maintenance processes. 
Proper equipment maintenance and operation can 

assist in ensuring that the designed-in reliability 
performance is achieved, failures avoided, and costs 
reduced. Figure 4 shows the reliability behaviors of 
a system in relation to various maintenance types. 
Corrective maintenance activities are categorized as 
minimal repair (1C) and corrective replacement 
(2C). Preventive maintenance activities are 
categorized as simple preventive maintenance (1P) 
and preventive replacement (2P). As illustrated in 
Figure 4, the maintenance programs assist in 
confirming that the designed-in reliability 
performance is assured. Maintenance programs 
focus on ensuring reliability performance and 
reducing downtime. 

 
Figure 3. Contributors to SSC unavailability, failure rate (Adapted from IAEA, 2001) 
 
 

 
Figure 3. Reliability change of a system under 
various maintenance types (Tasi et al. 2001) 
 
 
It should be noted that for selecting an appropriate 
maintenance strategy, a cost-benefit analysis is 
required to compare the alternatives.  Let us look at 
an example. Consider a production plant with two 
maintenance strategies to keep the reliability of the 
production plant at the desired level: preventive 
maintenance and corrective maintenance. The 
Expected Cost of Preventive maintenance (ECP) and 
Expected Cost of Corrective maintenance (ECC) can 

be calculated as follows (Barabady and Kumar, 
2007): 

( ) frc PCCECC ×+=  

( ) efmppfmpii PpCPPCCECFECP −+++= 1..
 

( ) )1( pfrci PPCCECF −××+=  

where: 
cC is the cost of the consequence of failure 

rC is the cost of the consequence of failure 

fP is the probability of the failure 

pP is the probability of the failure being detected 

iC is the cost of an inspection, 

mpC .  is the cost of restoration, 

eP  is the probability that inspection will falsely indicate 
the potential failure.  

If ECP is greater than ECC, then corrective 
maintenance is adopted; otherwise preventive 
maintenance is considered. For a subsystem of such a 
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production plant in Barabady and Kumar (2007) with 
the following information: 

Ci = $ 10, Cc = $ 200, Cr = $ 50, Cp.m = $ 50,  
Pf = %2,  Pp = %70, Pe = %20 

ECC and ECP are calculated as $50 and $40, 
respectively. In this case it is more cost effective to 
do preventive maintenance  
 
 
Maintainability performance improvement. 
Maintainability is formally defined as “the ability of 
an item under given conditions of use, to be retained 
in, or restored to, a state in which it can perform a 
required function, when maintenance is performed 
under given conditions and using stated procedures 
and resources”(IEV 191-02-07).  It is important to 
consider how to reduce the downtime by improving 
the maintainability. Achieving very high 
component/system reliability may prove very costly, 
and therefore it may be more cost effective to 
improve the maintainability characteristics. In this 
step, the point is to create some 
alternatives/recommendations to improve 
maintainability performance of those 
components/subsystems critical to the production 
process from a maintainability point of view. Such 
alternatives/recommendations should focus on 
minimizing the maintenance times and labour hours 
while maximizing the supportability characteristics 

(e.g., accessibility, diagnostic provisions, 
standardization, interchangeability), minimize the 
logistic support resources required in the 
performance of maintenance (e.g., spare parts and 
supporting inventories, test equipment, maintenance 
personnel), and minimize the maintenance cost.  
There exist numerous guidelines for taking 
maintainability into account, including analysis of 
maintainability-related risks (refer to Blanchard et 
al., 1995; IEC 60300-3-10, 2001; and IEC 60706-3, 
2006).  In order to increase maintainability, the 
downtime time must be reduced through, for 
example, spare parts and supporting inventories 
optimization, availability of test equipment, 
maintenance personnel training etc. Furthermore, in 
the design one needs to take into account how the 
maintenance is to be performed during the 
operational phase. Factors such as maintenance and 
logistics support, maintenance program execution 
and evaluation need to be considered to reduce the 
downtime. Therefore, the first step for improvement 
of maintainability is to describe the system, 
considering what factors will influence the 
maintenance process, which can be predicted by 
available models such as proportional hazard model 
(see Ghodrati and Kumar, 2005). Figure 5 shows 
how to maximize the maintainability performance of 
SSC through increasing the repair rate, in other 
words, reducing the mean down-time. 

 
Figure 5.  Contributors to SSC unavailability, down-time rate (Adapted from IAEA, 2001). 

 
Maintenance support performance improvement.  
Maintenance support performance is defined as (IEV 
191-02-08, 2007): “The ability of a maintenance 
organization, under given conditions to provide upon 
demand the resources required to maintain an item, 

under a given maintenance policy”. Thus, we can see 
that maintenance support performance is part of the 
wider concept of “product support”, which includes 
support to the customer. Maintenance support is 
developed and maintained within the framework of 
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corporate objectives. Defining and developing 
maintenance procedures, procurement of 
maintenance tools and facilities, logistic 
administration, documentation, and development and 
training programs for maintenance personnel are 
some of the essential features of a maintenance 
support system (see Table 1). We should look for 
alternatives and recommendations to improve 
maintenance support performance as the basis for 
decision making. 

Table 1. Some aspects of Maintenance Support

Maintenance 
personnel 

Number 
Skill 
Work environment 

Equipment 

Standard equipment 
and tools 
Special equipment 
Premises   

Stock 
Exchangeable part 
Spare parts 
Expendable supplies 

Special needs 

Use instructions 
Maintenance 
instructions 
System descriptions 

 

 

Maintenance 
support aspects 

 

 

 

Environment 
Organisation 
Information system 
Information feedback 

 
3.4. Evaluation alternatives and decision making 
 
The aim is to select the best improvement alternative 
based on economic optimization within given 
constraints and framework conditions. The ISO/CD 
20815 (2005) standard lists examples of constraints 
and framework conditions affecting the optimization 
process. The appropriate PA parameters then are 
predicted and the preferred solution is identified 
based on cost-effectiveness, e.g., life cycle cost 
evaluation, net present value analysis or other 
optimization criteria. The process can be applied as 
an iteration process where the selected alternative is 
further refined and alternative solutions identified. 
Sensitivity analyses should be performed to take 
account of uncertainty in important input parameters. 
The execution of the optimization process requires 
the regularity and reliability function to be addressed 
by qualified team members. 
 
 

4. CONCLUSIONS 
 

This paper has described the framework for 
improving plant production performance in the 
operational life cycle phase using PAPs. This 
requires enhancement of reliability, maintainability, 
and supportability. Any improvement in the PA of a 
system is associated with additional efforts and costs. 
Thus, for the overall efficiency of a PAP, it is 

essential to use appropriate resource allocation 
methods among the various components/subsystems 
of a system to minimize these efforts and costs. The 
present paper indicates that PAPs are useful for 
optimizing the design and operation of the 
production process. Furthermore, focus should be on 
the consumption of available resources in areas 
where the economic return is largest. To improve PA 
to meet the goals and criteria of PAPs, we should 
always look for alternatives, from which to adopt the 
best.  
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