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Abstract: The concept of Production Assurance increasingly plays an important role 
to support the decision-making process for the managers and engineers dealing with 
challenges to meet the varying demand of customers as well as production control. 
The Production Assurance concept incorporates several other concepts such as 
availability, reliability, maintainability, supportability, capacity and so on.  The aim 
of this paper is to discuss such concept and its applicability for manufacturing 
production processes. The other closely related topics to this concept such as 
throughput capacity, demand capacity and on-stream capacity are also presented.   
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1. INTRODUCTION 

 
Making correct decision and that too in a dynamic 
business environment is a major challenge for the 
production engineers and mangers all over the world. 
The dynamic business environment is characterized 
by short term and long term uncertainties in business 
process combined with short term focus on meeting 
customer’s requirements. From other point of view, 
customers are interested in purchasing product as per 
specification, in right quantity and in right quality at 
the specified time. In order to meet customer 
requirements, we need production processes to 
manufacturer and deliver the product as per 
specifications. The modern production systems are 
large, complex, automated and integrated. Failures 
occur more or less frequently in complex and large 
equipment. For the manufacturing companies the 
consequences of failure are high cost of equipment 
maintenance, possible loss of production, and 
exposure to accidents, etc. Such situation necessitates 
a need for tools and engineering (and business) 
solutions to minimise the total business risk through 
assurance of world class performance of the 
production plants.  
 
Reliability analysis techniques have proved to be 
effective tools to meet the above-mention challenges 
during both design and operation of a production 
plant.  To understand the plant production capacity, 
many times system availability concepts are used. 

There are several research studies to evaluate the 
performance of a manufacturing system considering 
failures mode in various situation (see for example 
Levantesi et. al, 2003 and Tolio et al, 2002). Their 
focus is on analysing the performance vis a vis 
failure modes. However, in this paper our focus is to 
introduce the concepts of Production Assurance (PA) 
as reliability engineering concepts are not sufficient 
to facilitate correct decision making when it comes to 
forecasting of production volume and meeting 
customer requirements.   
 
The system availability performance in general is the 
most appropriate measure for the performance of 
repairable items (systems, sub-systems, components).  
However, for a production plant the concept of 
system availability performance does not give any 
information about the plant’s delivery capacity, 
production rate and ability to deliver according to 
design or customer demands. For example, let us 
assume that the system availability is 90% for a 
specific period in a production plant, but the system 
capacity and the production rate may be less than 
desired. This could for example be caused by process 
bottlenecks, reduced efficiency due to aging, reduced 
effectiveness due use of old technology, ineffective 
process organization, etc. As a result the production 
availability performance goals may not be achieved. 
This means that the concept of system availability 
alone is not a good performance. Hence, in order to 
measure a plant’s performance a model is needed, 
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which take into account both the capacity 
performance as well as the system availability 
performance. To gain insight into the capability of 
the production system to meet the customer 
requirements one needs to understand and estimate 
PA of such system. The concept of PA helps decision 
maker to estimate whether the plant is able to meet 
the customer requirements or not.  
 
PA concept is extensively used in petroleum 
industries and it increasingly plays an important role 
to support the decision-making processes for 
manager and engineers (Aven, 1987; Hokstad, 1988; 
Rausand, 1998; Signoret, 1998; Zio et. al., 2006; 
Barabady & Aven 2007). There are also available 
standards that cover production assurance concept; 
cf. Norsok Z-016 (1998) and ISO/CD 20815 (2005). 
These standards mainly include the analysis of 
reliability and maintenance of components, systems 
and operations associated with exploration drilling, 
exploitation, processing and transport of petroleum 
resources. However, there is not much literature 
available regarding this subject for other industries. 
 
The usefulness of PA analysis analyses can be 
manifold, both in engineering design and in the 
operational phase, e.g. (Aven, 1987; Norsok Z-016, 
1998; ISO/CD 20815 2005): 
 
• Compare different alternatives with respect to 

production availability. 
• Identify relevant cost parameters.  
• Predict production levels for financial planning, 

cost/benefit evaluations and sales contract 
negotiations.  

• Identify critical items requiring spare part 
attention and special requirement, and form input 
to spare part planning. 

• Evaluate maintenance and operating strategies to 
see their effects on field performance. 

• Identify system bottlenecks, vulnerabilities and 
components with unnecessary over-capacity. 

• Evaluate the availability effects of system 
modifications, e.g. equipment redundancy and 
capacity modifications.  

 
In order to use this concept in other areas of 
applications it should be clear. The aim of this paper 
is contributing to the clarification of the concept. The 
paper review and discuss existing knowledge of PA 
concepts; it could be useful to apply in new areas of 
applications. The rest of the paper is organized as 
follows. In Section 2, we briefly review the basic 
elements of production assurance concept. The 
purpose of the presentation is not to give a complete 
overview of the theories, but to introduce the reader 
to relationship of the PA concept with dependability 
concept which is the collective term used to describe 
availability performance and its influencing factors, 
namely reliability performance, maintainability 
performance, and maintenance support performance. 
In section 3, different definitions of PA for a 
manufacturing company is presented and discussed. 
In section 4, we discuss and conclude the paper.   
 
 
2. ELEMENTS OF PRODUCTION ASSURANCE 

 
PA is a term used to describe how a system is 
capable of meeting demand for deliveries or 
performance (Norsok Z-016, 1998). The PA concept 
includes several other concepts such as reliability, 
maintainability, availability, supportability, capacity 
and so on. Some of these terms as well as their 
relationships are illustrated in Figure 1. The 
objectives of these concepts are related to optimum 
overall economy of the equipment during a system’s 
life cycle phases, reduction of health, safety and 
environmental risks, quality improvement, as well as 
considerations related to human factors and customer 
satisfaction. In the following section, we will have a 
review and discussion of these concepts and their 
relationship with the purpose.  

Availability (Item) Availability
(system)

Reliability
Design
Tolerances
Design margins
Quality control
Operating
Conditions
etc.

Maintainability
Organization
Resources
Tools
Spares
Accessibility
Modularization
etc

Supportabillity

Logistics
Spare parts
Tools
Personnel
Equipment
etc.

Production
Availability Deliverability

Consequence 
of item failure

Configuration
Utilities
etc.

Consequence 
for production

Capacity
Demand
etc.

Compensation

Storage
Substitution
etc.

Uptime Downtime
 

 
Figure 1: Illustration of relationship between some production assurance terms ( Norsok Z-016, 1998) 
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2.1. Reliability performance  
 
The formal definition of reliability according to IEV 
(191-02-06) is the ability of an item to perform 
required function under given conditions for a given 
time interval. A keyword is “a required function”. 
This means that it is possible to consider a number of 
“reliabilities” for a certain item, taking into account 
one requirement at a time. Of special interest are the 
safety functions or barriers related to the item under 
study. Another important word combination is “under 
given conditions”. It is essential to identify various 
foreseeable conditions and operating modes, as well 
as item (system, equipment, component, etc.) use and 
misuse in the requirements specification phase of 
system design.  
 
During the design of a system or item of equipment 
the aim is to prevent the occurrence of failures as far 
as possible and also to reduce the effects of the 
failures which cannot be eliminated. Among the 
factors having a great influence on equipment 
reliability are those compiled in Table1. In operation 
phase the reliability of a system can be improved 
through modification of system as well as operational 
and maintenance programs. Proper equipment 
maintenance and operation can assist in ensuring that 
the design in reliability performance is achieved and 
avoid failures as well as reduce the cost. The 
reliability performance characteristics can be 
designed during the design phase. 
  
Table 1. Some important factors influencing reliability 
 

Occurrence of 
failures 

 

Design principles 
Component choice 
Dimensioning 
Condition monitoring

Redundancy 

 

Parallel functions 
Standby 
Partial redundancy 

 

 

Reliability 
Aspects 

 

 

 
Preventive 

maintenance 

Scheduled 
Condition based 
Fault introduction 

 
Even though the system may have good reliability 
characteristics, the performance of the system may be 
poor because of scant attention paid to 
maintainability during the design phase. 
 
 
2.2. Maintainability performance 
 
Maintainability formally is 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 
note that the ability to be retained in a satisfactory 
state is included, not only the ability to be restored to 
a satisfactory state. Note also the important words 
“given conditions”. Often systems are designed, built 

and tested in an environment with a comfortable 
temperature and good lighting. However, in real life 
maintenance is often performed in a hostile 
environment, e.g. sub arctic conditions or in tropical 
environments. The various aspects of maintainability 
may be grouped as shown in Table 2. 
 

 
Table 2. Important factors influencing maintainability 

 

Layout 

Easy access 
Modularisation 
Easy to disassembly 
Easy of assembly 
Neighbouring items 
Functional grouping 
Packaging 
Flow components 

Function 
Redundancy 
Fault tolerance 
Standardisation 
Interchange ability

System health 

Testability, Built-in test 
Fault recognition 
Fault localisation 
Fault isolation 
Self-healing equipment 
Condition monitoring  

Human-machine 
interaction 

Physical requirements 
Psychological 
requirements 
Skill requirements 
State information 
Part identification 
Equipment handling 
Anthropometrics  

Human 
behaviour 

Human error 
Recovery action 

Special needs 

Lubrications, servicing  
Calibration 
Special equipments, tools 
Spare parts 

 

 

Maintainability 
Aspects 

 

 

 

Environment Outer environment 
Work environment 

 
 
The objective of the maintainability input is to 
minimize the maintenance time and labour hours 
considering design characteristics such as 
accessibility, standardization, interchangeability, 
standardization of tools, etc. In order to increase 
maintainability, in some manner the downtime time 
must be reduced through for example spare parts and 
supporting inventories optimization, availability of 
test equipment, maintenance personnel training, etc. 
There exist numerous guidelines for taking 
maintainability into account. We refer you to 
Blanchard et al. (1995); IEC 60300-3-10 (2001); IEC 
60706-2 (2006); IEC 60706-3 (2006) and Tjiparuro 
& Thompson (2004).  These guidelines are also very 
useful in the analysis of maintainability-related risks. 
 
  
2.3. Maintenance support performance 
 
Maintenance support performance is defined as (IEV 
191-02-08) the ability of a maintenance organization, 
under given conditions to provide upon demand the 
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resources required to maintain an item, under a given 
maintenance policy. For complex, advanced and 
integrated production systems one often need 
external support from for example the original 
equipment manufacturer to provide expert assistance, 
field services, spare parts and tools, as well as 
training of operation and maintenance personnel, etc. 
Thus we can see that maintenance support 
performance is part of the wider concept of “product 
support”, including support to the product as well as 
support to the client. Some of the essential features of 
a maintenance support system are shown in Table 3. 
Reliability, maintainability, and maintenance support 
performance together constitute the basis for 
availability performance. 
 

Table 3. 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 

 
 
2.4. Availability performance 
 
The formal definition of availability performance is 
the ability of an item to be in a state to perform a 
required function under given conditions at a given 
instant of time or over a given time interval, 
assuming that the required external resources are 
provided (IEV 191-02-05). There are various 
measures of availability performance defined in 
literature, e.g. instantaneous availability, asymptotic 
availability, asymptotic mean availability, and mean 
availability. We refer you Barlow & Proschan 
(1975), and IEV (2006).  All of these measures are 
based on the function X(t), which denotes the status 
of a system at time t. For example the instant 
availability at time t (or point availability) is defined 
by: 

( )1)()( == tXPtA   (1) 
This is the probability that the system is operational 
at time t. Since it is very difficult to obtain an explicit 
expression for A(t), other measures of availability 
have been proposed. One of these the most frequently 
used availability measures is the Steady-state 

availability or limiting availability which is defined 
the mean of the instantaneous availability under 
steady-state condition over a given time interval 
(IEV, 2007-04-08) express as:   

)(tALimA
t ∞→

=    (2) 

This quantity is the probability that the system will 
be available after it has been run for a long time, and 
is a significant measure of performance of a system. 
Often steady state availability is also defined 
depending on whether the waiting time or the 
preventive maintenance times are included in or 
excluded from the calculation. Therefore, depending 
on the definitions of uptime and downtime, there are 
three different forms of the steady-state availability, 
namely inherent availability, the achieved availability 
and the operational availability. We refer you to 
Ebeling (1997); and Blanchard et al. (1995) for 
further discussion. 
 
 
2.5. Capacity performance 
 
Capacity performance for an item, subsystem, or 
system, is calculated by the throughput volume 
divided by a fixed reference throughput volume. The 
capacity performance can be defined for the system 
as a whole or for parts of the system individually. 
The capacity performance may be measured as 
physical throughput, like number of barrels of oil per 
time unit, or as a percentage of a specified 
throughput, depending on the context. It should also 
be noted that the concept of production assurance 
also includes the concept of deliverability, which 
includes compensation mechanisms such as storage 
(e.g. oil stored in tanks which can be delivered to 
customers if the production facility is in non-
operating state), linepack (e.g. gas stored in pipeline 
under high pressure), substitution (alternative product 
which is acceptable to customer), etc.  
 
 

3. PRODUCTION ASSURANCE  
 

Together, the availability performance and capacity 
performance define the PA. Production availability, 
deliverability or other appropriate measures can be 
used to express PA. Deliverability is defined as the 
“ratio of deliveries to planned deliveries over a 
specified period of time, when the effect of 
compensating elements such as substitution from 
other producers and downstream buffer storage is 
included” (Norsok Z-016, 1998). 
 
The PA of a production plant may be measured in 
many different ways. Consider a production plant 
system, the production rate at time t is denoted by 
D(t) which can be defined as the number of items e.g. 
barrels of oil that are produced per time unite at time 
t. The planned production rate for such production 
plant is denoted by D0(t). In this section, we present 
some alternative which can be used to express PA for 
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such production plant using existing literature Aven 
(1987), Norsok Z-016 (1998), Rausand (1998), and 
ISO/Cd 20815 (2005).  
 
a) The first alternative for the PA is the “throughput 
availability”, A1(t1, t2), which is mean actual 
production in (t1, t2) divided by planned production in 
(t1, t2). It can be formulated as: 

∫

∫
==

2

1
0

2

1

21

21
211

)(

))((

),(
),(

),( t

t

t

t

dttD

dttDE

ttinproductionPlanned
ttinproductionperdictedMean

ttA
 

Throughput availability is also referred as throughput 
capacity which is calculated by the throughput 
volume divided by a fixed reference throughput 
volume for an item, subsystem, or system. Different 
alternative can be used as a fixed reference 
throughput e.g. the design capacity of the item, 
subsystem, or system. We refer to ISO/CD 20815 
(2005) for discussion. 
 
If for example in production plant, A1(t1, t2) = 1, this 
mean we expect to produce 100% of the planned 
production in the interval (t1, t2). If the production is 
stopped in part of the interval, we may be able to 
achieve 100% by increasing the production beyond 
the plan level in the rest of time interval. It should be 
noted that an optimal buffer inventory level must be 
built up to guarantee the continuous supply during 
stopping time in order to satisfy the demand (for 
further discussion see Chelbi and Rezg, 2006; Chelbi 
and Ait-kadi, 2004). Therefore, throughput 
availability in some cases may be greater than 1.0, 
which means that we expect to produce more than 
planned production. 
 
b) The second alternative for the PA is the “demand 
availability” which is mean production of time in (t1, 
t2) where D(t)>D0(t).  It can be defined as:  

(∫ ≥
−

=
2

1
0

12
212 )()(1),(

t

t
dttDtDP

tt
ttA )           (4) 

The demand availability expresses the expected 
proportion of time the throughput exceeds the 
demand. If for example for a company, A2(t1, t2) 
=0.98, this mean we are meeting the planned 
production ( i.e. D(t)>D0(t) ) in 98% of the time. It 
gives no information about the production in the 
remaining 2% and the same result is obtained for A2 
when the production is totally shut down as when the 
production is slightly less then D0(t). 
 
c) The third alternative for the PA is the “on-stream 
availability”. The on-stream availability, A3, equals 
the expected proportion of time the throughput is 
greater than zero, i.e.  

(∫ >
−

=
2

1

0)(1),(
12

213

t

t
dttDP

tt
ttA

d) The fourth alternative for the PA is the 
“production availability at level c at time t”, Ac(t). It 
can be defined as the probability that the throughput 
is at least at level c at time t, i.e.,  

Ac(t) = Pr{D(t) ≥C}                      (6) 

Relative to a level c, we can define an availability 
measure as the (expected) proportion of time the 
system state is at least c.  
 
From above-mentioned alternative, the most 
commonly used is the throughput availability 
(throughput capacity). We refer to Aven and Jensen 
(1999) for some alternative performance measures 
and formulae for computing the various measures on 
both system and equipment level, such as the well-
known formula MTTF/(MTTF+MTTR) for the 
equipment availability, where MTTF and MTTR are 
the mean time to failure and mean time to repair, 
respectively. 
 
Probability Distribution of Throughput Capacity 
distribution (PDC) can be used as a quantitative 
measure of the production assurance performance 
which is a probability distribution of the possible 
throughput capacity level for component, subsystem 
or system. The PDC tells us the probability, or 
percentage of time, the system has full production 
(100%), reduced production (e.g. 50%), no 
production, etc (Kawauchi and Rausand , 2002). 
 
Let us look at an example. Consider a simple 
numerical example of a dehydrator unit of an 
offshore installation producing oil and gas; it consists 
of three parallel dehydrators, which are illustrated in 
Figure 2.  
 

 

Dehydrator (DEH-A) 

Dehydrator (DEH-B) 

Dehydrator (DEH-C) 
 

Figure 2. System configuration of the dehydrator unit 
 

Each dehydrator is assumed to have a throughput 
capacity of either full or 0. Therefore, the possible 
capacity performance levels for dehydrator unit are 
thus 3c, 2c, c, and 0. Note that c is the capacity 
performance of each dehydrator. The planned 
production rate for DEH unit is  Sm6106× 3/d. 
 

The Markov diagram for three components in parallel 
may be as figure 3. The necessary input data, i.e. the 
failure rate and repair rate have taken from the 
OREDA Handbook (1997). The data presented in 
Table 4. Based on the above-mentioned information 
the throughput availability, demand availability and 
on-stream availability can be calculated. )             (5) 
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Figure3. Markov diagram for Dehydrator unit which 
is included three identical and independent 
Dehydrators, each with capacity performance level 
C. 
 

Table 4. Failure rate, repair rates, and capacity 
performance for all components 

 
Name 
of unit 

Failure 
rate 

Repair 
rate 

Working 
capacity 

Design 
capacity 

Capacity 
performanc

HPS-A 8.91 
×10 -5

2.54 
×10 -3

2×10 6 
Sm3/d 

2.5×10 6 
Sm3/d 80 % 

HPS-B 8.91 
×10 -5

2.54 
×10 -3

2×10 6 
Sm3/d 

2.5×10 6 
Sm3/d 80 % 

HPS-C 8.91 
×10 -5

2.54 
×10 -3

2×10 6 
Sm3/d 

2.5×10 6 
Sm3/d 80 % 

 
 
In this example the throughput capacity has a discrete 
distribution. The result of calculation is given in 
Table 4. The throughput availability, demand 
availability and on-stream availability of DEH unit 
are 99.62%, 98.9%, and 99.9965% respectively. It 
can be concluded that the planned production rate is 
met in 98.91% of period and 1.09% of period system 
work with less than planned production rate or it 
failed.  
 
Table 5. The PDC for the dehydrator unite obtained 

by Markov model 
 

Throughput capacity level (%)  Probability 

0 
33 
67 

100 

3.843×10 -5
3.651×10 -4

0.0104 
0.9891 

 
4. DISCUSSION AND CONCLUSIONS 

 
The paper has described the concept of PA which 
gives a more comprehensive measure of a production 
plant’s performance compared to system availability 
performance as it provides information about the 
production plant’s delivery capacity and ability to 
deliver according to the customer requirements. It 
can be described and calculated by ccombinations of 
capacity performance and system availability 
performance for period of (t1, t2) by: 

12

2

1

)(

tt

dtePerformancCapacity

tyavailabilioperatinalPlanned
tyavailabililoperationaperdictedMeanPA

t

t

−
×=

∫

 

MDTMTBM
MTBMtyavailabiliOperatinal

+
=  

where operational availability is 
MTBM/(MTBM+MDT) and the Mean Time Between 
Maintenance activities (MTBM) includes both 
unscheduled and preventive maintenance, and Mean 
Down Time (MDT) is the mean maintenance 
downtime and includes maintenance time, logistics 
delay time, and administrative delay time. It should 
be noted that this makes it possible to differentiate 
between maintenance and modification activities.  
 
The concept of PA integrates the OEE measure with 
organisational capabilities as in TPM but it consider 
market requirement and customer demand. In other 
words, the OEE indicates how effectively a 
production plant being used compared to the 
designed capacity (OEE = 100%) but PA shows how 
a production plant meets customer demand which is 
not considered in OEE concept. In order to meet 
customer demand one may define an OEE (called 
required OEE) based on customer requirement for a 
production plant which can be used for calculation of 
PA as follow: 

OEErequired
OEEacualMeanPA =  

It should be noted that the value of OEE in a 
production plant is less than 1 but the value of PA 
can be more than 1 which means, that we expect to 
produce more than planned or demand production. 
 
The most adequate measure of PA is depending on 
the actual situation and type of production plant. In 
describing the PA of a given system it is necessary to 
specify four things: the component failure rate; the 
repair rate; component capacity performance; and 
system configuration, which describes how the 
components are functionally connected and the roles 
of operation. It is also very important to consider the 
interaction between components as well as 
independency. Hence, before the discussion on the 
PA model is meaningful the above four 
characteristics must be explored. The results of a PA 
analysis can be used during design and operation 
phases to make trade-offs between various 
engineering and economic alternatives. 
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