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Abstract Modern production systems must guarantee 
high performance. Increasingly challenging international 
competition, budget reductions for the health sector and 
constant technological evolution are just three of the 
many aspects that drive pharmaceutical companies to 
continuously improve the productivity of their lines. 
The scientific literature has for many years been 
proposing calculation models for estimating the 
productivity of a machine. One of the most famous, and 
still used, is overall equipment effectiveness (OEE). This 
allows the calculation the valuable output considering the 
six ‘big losses’. The limitations of this approach are 
noticeable when considering a production line instead of 
a single machine. Numerous researchers have proposed 
alternative methods or changes in OEE, to be able to 
cover the widest spectrum of possible cases. 
In this study, we wanted to evaluate how such theoretical 
models related to OEE are actually able to represent the 
world of tight production flows or whether, in these cases, 
a more complex type of simulation should be preferred. 
To do this, we carried out a case study of a production 

line in the pharmaceutical industry, and the results 
showed that the simulation approach gives better results 
because of the peculiarities not considered by the 
theoretical models. 
 
Keywords Overall Equipment Effectiveness, Un-paced 
Production Line Efficiency, Simulation 

                                         
1. Introduction  
 
In the industrial sector it is increasingly common to 
employ methods and tools to measure production 
performance. There are various reasons why, in recent 
years, there has been a steady increase in the adoption of 
these techniques. The main reason is the need to quantify 
the achievement of the objectives set by the companies 
and, consequently, to identify areas of improvement [1]. 
 
In the literature there are many papers that deal with the 
measurement of system performance [2] [3] [4] [5]. They 
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error codes for each stop, which are often difficult to 
classify in the Nakajima paradigm. It is often necessary to 
contact the machine manufacturer for clarification and 
explanation; this, unfortunately, is almost never 
immediate and is sometimes impossible. 
 
Furthermore, Jeong and Phillips [15] have shown that 
OEE is not very suitable in capital-intensive sectors. In 
these areas, in fact, in order to have an immediate return 
on investment, the machines should be utilized to their 
maximum potential. It is therefore appropriate to 
consider each type of loss, even those related, for example, 
to the scheduled preventive maintenance (PM) or to the 
closures of plants during holidays. These elements are not 
considered in the classical version of OEE, which was 
conceived in a manufacturing environment. According to 
Jeong and Phillips, therefore, the right time at which the 
calculation of OEE should be made is not the loading 
time but, rather, the total calendar time. 
 
In addition, de Ron and Rooda [16] have introduced a 
new version of the OEE parameter, in order to measure 
the actual performance of a production system, without 
considering all the inefficiencies that come from outside 
and that do not depend directly on them (operator skills, 
availability of materials, etc.). They define the E 
parameter that distinguishes cases in which a machine is 
inserted and integrated in a production process from 
those in which it is considered an element in itself. 
According to the authors, the conditions of starving and 
blocking, causing slowdowns in an independent machine, 
should not be considered in the calculation of 
inefficiencies. The OEE, therefore, measures the 
performance of a specific machine inserted into a wider 
production environment. Material handling, the presence 
of buffers, and production queues, however, significantly 
impact on its performance; for this reason, as well as 
having an index that measures the efficiency of each 
machine, you must also have an index representative of 
the entire line. 
 
In fact, the main limitation of OEE is that it generally 
cannot be used for the calculation of the efficiency of an 
unbalanced production line. For this reason, several 
authors have proposed modifications to the classical 
formulation of OEE. 
 
Brandt and Taninecz [17], for example, have introduced a 
parameter called the overall plant efficiency, which takes 
into account the efficiency of three elements: the 
workspace, the people and, of course, the machines. 
 
Braglia et al. [8] have studied how to calculate the 
efficiency of a production line, introducing a new metric 
called OEEML (overall equipment effectiveness of a 
manufacturing line). The main advantage of this method 

is its possibility of evaluating a global parameter of an 
entire production line. 
 
Caridi et al. [18] used the OEE parameters to calculate the 
rate of a balanced paced line without decoupling points, 
taking into account how the quality parameter impacts 
negatively on the pace of the line. The main limitation of 
this approach is that it needs a balanced line. 
 
The analytical approach of OEE, despite the proposed 
changes, has several limitations, and so several 
researchers directed their interest towards a different 
approach [1], namely, the simulation. In literature, in fact, 
there are many works that demonstrate such interest [19], 
in particular in the production field [20] [21], for 
improving line effectiveness [22], for a more efficient 
plant layout [23], or for management of the entire supply 
chain [24]. 
 
Simulation is defined as the process that allows 
experiments to be performed on a specifically developed 
model, rather than on the real system. A simulation model, 
therefore, is a descriptive model of a process or of a system, 
built thanks to some of its typical parameters (production 
speed of a station, production or waiting times, etc.). 
 
As a descriptive model of a real system, it can be used to 
perform experiments, to evaluate hypothetical changes to 
the real system, to compare different alternatives, and to 
urge the system ‘in vitro’. This experiment has the 
advantage of not having any real impact on the system, 
although many of these simulations are time consuming 
and require information that is not always readily 
available [25]. 
 
Despite these disadvantages, the simulation is considered 
to be an indispensable method of problem solving [26] in 
different application contexts, outstandingly necessary in 
the following cases [25]: 

• testing of a complex system; 
• definition and design of a new system; 
• heavy investments required for the implementation 

of a proposed change to a new or existing system; 
• the need to have a tool that can show the various 

stakeholders involved the effects of specific 
solutions for a system. 

 
The use of performance indicators is widespread in all 
industries, especially in those with a high level of 
difficulty in achieving high profits [27]. One of these is 
the pharmaceutical industry, which has high profitability 
and, at the same time, a remarkable need for high 
investments. These are linked both to the development 
phase of a new drug (the time and cost required for the 
introduction of a new drug into the market are, in fact, 
extremely long) and to the production phase. 
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those downstream have higher productivity, varying 
between 430 and 440 ampoules per minute. 
 
The line includes the presence of some buffers, which are 
able to decouple the different stations. Important in 
particular are the buffers adjacent to the bottleneck. The 
buffer upstream allows exploitation of the greater 
productivity of the machines preceding the bottleneck (A 
and B) and ensures that the bottleneck is never starving 
(problems such as failures to upstream machines set ups, 
etc., generating a lack of material for the bottleneck, are 
avoided). The buffer downstream, instead, avoids the 
bottleneck never being in the condition of blocking. In 
fact the critical station can work even when the 
downstream machine is no longer able to work (for a 
failure or any setup), continuing to produce and to store 
the pieces worked right in the downstream buffer. The 
goal of the buffers adjacent to the bottleneck, therefore, is 
to avoid the blocking of production for reasons 
dependent from other working stations.  
 
The line has the main decoupling buffer just upstream of 
the machine C. It is supervised by the control logic that 
constantly checks his level of filling and stops, if 
necessary, either the upstream or downstream machine. 
The machines at the bottom of the line have high 
productivity that is obviously not fully exploited because 
the bottleneck sets its lower pace to the entire line. 
 
5. Results 
 
The methods presented in the third section were applied 
to the packaging line of a pharmaceutical company in 
order to assess its performance. 
 
The application of each method was preceded by a phase 
of production log analysis, necessary to obtain useful data 
for the calculation of productive performance. This phase 
required considerable effort, mainly related to the need to 
determine the times of production and those of machine 
downtime. These values were derived by analysing the 
codes associated with the states of the machines, although 
this relation is not always trivial and immediate because 
the difficulty of the interpretation of some codes is 
somewhat cryptic. 
 
The classic OEE was the first model applied. Starting from 
the log data of the production line, we prepared the 
necessary information for the calculation of  �, �� and � and, 
in particular, the load times, failures, setup times, and the 
time lost due to non-measurable stops and to loss of quality. 
 
The database used included an opening time of the 
factory of approximately three months (89 days) from 
which, given non-working days (holidays, Sundays) and 
work shifts, we had a loading time of 48 days. 

We then performed the availability parameter calculation, 
considering only the efficiency losses related to faults and 
setups. Thus, for each machine of the line, we could evaluate 
the operating time. Table 1 shows the values gained. 

 
Machine � �� � ���

A 74.4% 74.3% 100% 55.3%
B 76.6% 77.6% 99.2% 59.0%
C 68.9% 66.0% 99.1% 45.1%
D 92.4% 100% 98.4% 90.9%
E 99.0% 100% 100% 99.0%
F 96.4% 100% 100% 96.4%

Table 1. Availability, performance efficiency, quality and OEE 
for each of the six machines of the line obtained with the 
application of the Nakajima approach 
 
The last three stations, D E and F, have very high 
experimental values of Ep as they never showed 
reductions in their rate of production. It should be noted 
that stations are largely oversized and, in the calculation, 
all the cases in which a station was stopped for blocking 
or starving were eliminated. 
 
The application of the model proposed by Caridi et al. 
enabled the reduction of the quality index going 
upstream in the line to be taken into account. The OEE 
values of the machines are shown in Table 2. 
 

Machine � �� � ���
A 74.4% 74.3% 96.7% 53.5%
B 76.6% 77.6% 96.7% 57.5%
C 68.9% 66.0% 97.5% 44.3%
D 92.4% 100% 98.4% 90.9%
E 99.0% 100% 100.0% 99.0%
F 96.4% 100% 100.0% 96.4%

Table 2. Availability, performance efficiency, quality and OEE 
for each of the six machines of the line obtained with the Caridi 
et al. [18] approach 
 
To evaluate the OEEML [8] it was necessary to separate 
inefficiencies due to individual machines of the line from 
the external ones (blocking, starving and preventive 
maintenance). This difference has an impact mainly on 
the values of Ep, which were obtained by eliminating the 
efficiency losses related to blocking and starving. To take 
into account preventive maintenance, however, we 
analysed the maintenance plan of the line, from which we 
could derive the values of	���. Table 3 shows the values 
of OEEM for each machine of the line. 
 

Machine � �� � ��� ���� 

A 74.4% 75.6% 100.0% 99.0% 55.7%	
B 76.6% 78.9% 99.2% 99.0% 59.4%	
C 68.9% 77.1% 99.1% 98.0% 51.6%	
D 92.4% 100% 98.4% 99.0% 90.0%	
E 99.0% 100% 100% 99.5% 98.5%	
F 96.4% 100% 100% 99.5% 95.9%	

Table 3. Availability, performance efficiency, quality, PM 
availability and OEEM for each machine in the line, obtained by 
applying the method proposed by Braglia et al. [8] 
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