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PRODUCTION & MANUFACTURING | RESEARCH ARTICLE

Manufacturing productivity analysis by applying 
overall equipment effectiveness metric in a 
pharmaceutical industry
Muhammad Zubair1*, Shahid Maqsood2, Tufail Habib1, Qazi Muhammad Usman Jan2, 
Uroosa Nadir1, Muhammad Waseem2 and Qazi Muhammad Yaseen2

Abstract:  Improving the productivity of a manufacturing firm is very imperative in 
order to obtain high profits in such a competitive market. Equipment is an 
important part of a manufacturing system and its efficiency directly affects the 
quality and cost of the product contributing to overall productivity of 
a manufacturing plant. This paper focuses on calculating the overall equipment 
effectiveness (OEE) at a local pharmaceutical industry and investigates the key 
factors which influence the overall equipment effectiveness. OEE is an important 
tool which identifies areas that may have bottleneck in the production line, 
covering three major aspects such as the availability, performance, and quality 
rate of the output of equipment. On the basis of OEE, six significant losses were 
identified. The preliminary results of the analysis showed that OEE for the dry 
suspension (D/S) section is only 23% which is substantially below the benchmark 
of OEE level i.e. 85%. The results also presented that prime cause involves a high 
difference between the performance level of world class and dry suspension (D/S) 
process which is due to unavailability of machines for a longer period of time and 
malfunctioned machines producing products in large quantities that need to be 
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reworked or scraped. In order to achieve the world class level of OEE, the 
performance level of dry suspension (D/S) process needs to be enhanced to 95%. 
A preventive maintenance strategy could be implemented in the industry in order 
to avoid inefficient practices and enhance the performance of the whole plant.

Subjects: Industrial Engineering & Manufacturing; Manufacturing Engineering; Production 
Engineering  

Keywords: Overall Equipment Effectiveness; total effective equipment performance; key 
performance indicators; total productive maintenance; preventive maintenance

1. Introduction
Improving the productivity of a manufacturing firm is very imperative in order to obtain high profits 
in such a competitive market. Equipment is an important part of a manufacturing system and its 
efficiency directly affects the quality and cost of the product and overall productivity of 
a manufacturing plant. Maintenance has been contemplated as an important function which is 
non-productive as it does not add value to the product (Kapuyanyika & Suthar, 2018). However, all 
the equipment must operate efficiently in order to manufacture high quality products and cope 
with the demand (Nallusamy & Majumdar, 2017). The ultimate goal of every manufacturing firm is 
to produce quality goods and gain high profit through cost reduction. It can be achieved through 
implementation of an effective maintenance system. That maintenance system should be able to 
maximize availability of equipment by minimizing the machine downtime which is caused by 
unwarranted stoppages. The availability and productivity of manufacturing facilities have 
a direct impact on the competitiveness of manufacturing companies (Fleischer et al., 2006).

Most of the manufacturing firms are seeking to ameliorate and optimize the productivity of their 
manufacturing firms to remain competitive in increasing global market (Huang et al., 2003). This 
could be made possible by identifying the production losses that exists and implementing quality 
standards which will certainly lead to minimize repair work and cut down hidden costs and hence 
the products may be launched in the market with a competitive price. Mostly in the hidden 
operating cost, machine breakdowns on a continual basis, low availability of machines and 
increased overtime have extremely adverse effect on the productivity of a manufacturing plant. 
All these key performance indicators (KPIs) are due to the lack of an effective maintenance system. 
Therefore, need of an effective maintenance system for the plant is indispensable.

Availability and operational reliability of physical assets for preserving maximum quality 
balanced with safety levels and costs should be obtained and measured for performance improve
ment in maintenance (Gilabert et al., 2017). In recent times, manufacturing companies confronting 
capacity issues choose to expand extra time and buy new equipment or extend shifts. As an 
alternative approach, companies should choose to enhance the performance of their existing 
machines in order to improve reliability of equipment, operator performance and minimize idle 
time (Aman et al., 2018; Kapuyanyika & Suthar, 2018). The preamble discussion directs to the use 
of Overall Equipment Effectiveness (OEE) tool to enhance productivity of existing equipment.

1.1. Overall Equipment Effectiveness (OEE)
It is used to categorize the six big losses that are the reasons for poor performance and it therefore 
sets the basis for root cause analysis (Palanisamy & Vino, 2013). The six significant losses are 
categorized as follows.

1.1.1. Availability losses
It includes the breakdowns (time losses and quantity losses due to equipment failure or break
down) and changeovers (losses due to production changeover from requirement of one batch to 
another).
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1.1.2. Performance losses
It includes the idling and minor stoppages (losses due to production interruptions caused by 
temporary malfunction or when machines are idle) and reduced speed losses (losses that refer 
to the difference in machine design and actual operating speed).

1.1.3. Quality losses
It includes the defects and rework (losses caused when the production equipment is malfunc
tioned) and scrap (losses due to scrapped parts produced when machine is unstable in the start).

Overall equipment effectiveness consists of three components which are availability (equation 
1), performance (equation 2), and quality (equation 3) respectively; 

Availability Að Þ ¼
Operating time

Planned Production time
x100 (1)  

Performance Pð Þ ¼
Total ptoduction=Operating time

Ideal run rate
x100 (2)  

Quality Qð Þ ¼
Good pieces
Total pieces

x100 (3) 

Where;

Planned production time = Total available time—Schedule downtime

Operating time = Total available time—(Scheduled downtime + unscheduled downtime)

Good pieces = Total pieces—total scrap

Ideal run rate = no. of parts produced per minute or hour

Overall equipment effectiveness (OEE) = Availability x Performance x Quality 

OEE ¼ AxPxQ (4) 

Losses due to availability (i.e. breakdowns, changeovers), performance (i.e. stoppages, reduced 
speed) and quality (i.e. defects, scrap) are the major concern in production facilities. Local industry 
is not using the lean approaches to identify these losses that impact their production and incurred 
a significant cost.

Breakdown loss is one of the major issues in manufacturing industries. To manage production at 
a sustainable level, a pragmatic study through application of effectiveness techniques must be 
conducted to identify the losses in a production line & its maintenance issues.

The novelty of this research is to calculate the overall equipment effectiveness (OEE) at a local 
pharmaceutical industry and investigates the key factors which influence the overall equipment 
effectiveness. On the basis of OEE, six significant losses were identified. The rest of this paper is 
organized as follows: section II describes the literature review and presents an overview of the 
approaches used. Section III presents the proposed methodology. Section IV discusses the case 
company and the process flow chart of their production system. Section V shows the production 
analysis using total production maintenance approach. This section also includes the cost analysis 

Zubair et al., Cogent Engineering (2021), 8: 1953681                                                                                                                                                      
https://doi.org/10.1080/23311916.2021.1953681

Page 4 of 23



of the production system. Section VI discusses the significance of the proposed approach, inter
pretation of the results, and recommendations for productivity improvement. Finally, section VII 
summarizes and concludes the paper.

2. Literature review

2.1. Overall Equipment Effectiveness (OEE)
OEE measures the total equipment performance which is the degree to which the equipment is 
doing, what it is supposed to do (Williamson, 2006). OEE is an important tool which identifies areas 
that may have bottleneck in the production line (Omega & Andika, 2017), covering three major 
aspects such as the availability, performance, and quality rate of the output of equipment. OEE is 
considered as one of the important content for total productive maintenance (TPM) and lean 
manufacturing philosophy (Lin et al., 2017). Additionally, it is an important metric for measuring 
the success of manufacturing improvement approach known as Total Productive Maintenance 
(TPM) (Nakaiima, 1988). TPM is an innovative Japanese concept that is mostly followed for 
optimizing equipment effectiveness, breakdowns elimination and promoting autonomous main
tenance in day to day activities involving total workforce (Mahajan et al., 2018). It usually seeks to 
maximize the effectiveness of the equipment during its entire life. TPM consists of three words 
(Fam et al., 2018); Total: means involving the entire workforce from top to bottom in equipment 
maintenance. Productive: means to ensure that the operation is efficient maintenance problems/ 
costs. Maintenance: ensuring that the equipment is in good condition.

In any manufacturing industry it is essential to implement TPM approach due to significant 
impact and relationship with manufacturing performances in terms of overall equipment effec
tiveness (OEE).

Currently, manufacturing companies are developing alternatives to address capacity problems 
such as extra shifts and purchasing new equipment. An alternative approach is suggested by 
(Aman et al., 2018) to enhance the performance of their existing equipment in order to improve 
the machines reliability, operator’s performance and eliminating or reducing idle times. In this 
regard, the overall equipment effectiveness has gained much more focus in the recent past. In 
a study (Goriwondo et al., 2011) the applications of TPM principles are revealed to improve the OEE 
level in a pharmaceutical industry in which the ABC analysis of the equipment is performed in 
order to establish the critical equipment requiring 20% attention thereby yielding 80% results. TPM 
pillars were implemented for the root cause analysis of major losses related to equipment and the 
results showed a significant increase in the OEE level of the plant. In another study (Palanisamy & 
Vino, 2013), the OEE concepts are implemented in shop floor in a process industry by considering 
the three parameters of OEE. An IT integrated system was built to record the OEE losses in order to 
investigate the bottleneck equipment and a manufacturing execution system (MES) and 
a communication system was integrated into an automated data collection (ADC) system for 
the collection of data. To improve the OEE of the shop floor, different tools were suggested such 
as single-minute exchange of dies (SMED), preventive maintenance, and extension of time (EOT) 
and it was found that through implementation of these tools, the downtime was considerably 
reduced to 29 hours from 31 hours which resulted in enhanced productivity, effective utilization of 
factory floor space and optimized production data without interference of bottleneck operations. 
Another study (Aman et al., 2018) revealed some of the applications of OEE for enhancing the 
productivity of production line in a pharmaceutical industry by investigating machine failure, 
imbalanced posts, and defective parts and using Analyze des Modes de Défaillance, de Leurs 
Effets et de Leur Criticité (AMDEC) tool in order to balance the assembly line and enhancing the 
availability of bottleneck. The efficiency of the assembly line was increased from the value 
targeted by the company using the OEE approach. The impact of implementation of three pillars 
of TPM in a die attached equipment in a semiconductor industry was addressed in a study (Fam 
et al., 2018) in which a pair mean analysis was carried out for finding the impact of TPM elements 
and OEE and it was observed that there is a significant increase in the OEE level of the plant due to 
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which the productivity and quality of the products are also improved to a very large extent. A new 
performance ratio strategy has been used in a study (Keyser & Sawhney, 2013) to improve the OEE 
of the plant by cycle time limitation reduction. Losses related to equipment could be eliminated 
through implementation of TPM which will also improve the three pillars of OEE and as a result the 
OEE of the plant would be enhanced. Two methods of time study were applied in a study (Arunraj 
& Maran, 2014; Nallusamy & Majumdar, 2017; Patel & Thakkar, 2014) to improve the OEE of an 
autoclave process in an aerospace industry in which direct stopwatch time study was conducted 
first in order for the present OEE standards to be evaluated and then the Maynard’s Operation 
Sequence Technique (MOST) was applied to evaluate the percent improvement in OEE.

An application of OEE is revealed in a study (Soltanali et al., 2018) in which the performance 
measurement has been investigated using the OEE metric in an Iranian automotive industry. The data 
and basic information was collected from the computerized maintenance management system (CMMS) 
about the two different assembly lines, i.e. Peugeot and Sports Utility Vehicle (SUV) and the equipment 
with the most failures on the assembly line for Peugeot and SUV were evaluated in order to improve the 
equipment performance. The results of the study revealed that the availability index can be improved by 
8 and 9 percent respectively for the two assembly lines while the other two indexes were found lower 
than the desired value. It was recommended to manage the production losses time and to implement 
the TPM strategy to improve the OEE of the industry. In another study (Abdul Rasib et al., 2019) the Single 
Minutes Exchange of Dies (SMED) technique has been used to improve the OEE and operational efficiency 
of an automotive industry. The results of the study revealed that the OEE of the industry has been 
increased by 2.7% after converting the internal activities to external activities for jigs change that were 
consuming a lot of time. Failure mode and effect analysis (FMEA) and Define, Measure, Analyze, Improve 
and Control (DMAIC) strategies have been used in a study (Rozak et al., 2020) for enhancing the OEE of 
a cylinder block machining line in an Indonesian automotive industry. In the define phase of the DMAIC 
strategy, the initial problem at the cylinder block assembly line was identified. In the measure phase, the 
Pareto diagram was used to show the data collected about the equipment failure based on long time 
breakdown and frequent machine breakdowns. In the analyze phase the focused group discussion was 
used to analyze the machine that was ranked second in the Pareto diagram as longest breakdown 
machine. Ishikawa diagram was used to find the root cause of each problem in the Improve phase while 
additional critical components check point and feedback system were implemented in the control phase 
which impacted to reduce the machine breakdown time thereby enhancing the equipment availability. 
The results of the study revealed that using the FMEA and DMAIC strategies have increased the OEE of 
the cylinder block machining line from 87% to 92%.

OEE is an important tool that highlights the areas that may have bottlenecks in the production 
line and require some maintenance. Basically maintenance can be divided as shown in Figure 1;

Breakdown maintenance means repairing of equipment after failure has occurred in function
ality. No attempt is made to prevent the machine from breaking down in such type of maintenance 
approach (Rizvi et al., 2018). It has a huge disadvantage of disruption of production plants.

Planned maintenance is an organized type of maintenance approach under which work is 
planned before hand to avoid random failures (Rizvi et al., 2018). A thorough study is to be carried 
out in order to decide the periodicity of maintenance work. This type of maintenance is further 
divided into three categories as;

In schedule maintenance system the actual maintenance program is planned in accordance 
with the production department, in order to make the relevant equipment available for mainte
nance work. The frequency of such maintenance work is predetermined from workforce experi
ences in order to utilize the ideal time of the equipment effectively (Rizvi et al., 2018). Due to such 
type of maintenance system, the availability of the equipment is enhanced although it is costly 
compare to breakdown maintenance.
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Preventive maintenance system consists of routine activities such as inspection, detection, and 
correction of incipient failures prior to their occurrence. It is further classified as periodic (time 
based servicing, parts replacement or overhaul), predictive (surveillance, monitoring, testing, in- 
service inspection) and planned (condition based servicing, parts replacement, overhaul, refurb
ishment, modification) maintenance. Its main objective is to improve equipment productive life, 
eliminate or reduce breakdowns, minimize production losses as a result of equipment failures, and 
to ensure in health and safety of workers (Rizvi et al., 2018). Some of the elements of preventive 
maintenance are routine attention, routine examination, preventive replacement, and inspection 
measurements. Implementing this type of maintenance system is costly as deteriorated parts are 
replaced during inspection however; this cost is compensated by the prolonged operational life of 
the equipment.

Corrective maintenance means carrying out remedial actions when failures or deficiencies are 
discovered during preventive maintenance to repair equipment or item to its operational state 
(Rizvi et al., 2018). It is a type of unscheduled maintenance. This type of maintenance is divided 
into the following categories such as fail-repair, salvage, rebuild, overhaul, and servicing.

An effective way of minimizing system downtime and corresponding maintenance costs is to 
determine an optimal maintenance strategy (Daneshkhah et al., 2017). Corrective maintenance 
(CM) and preventive maintenance (PM) are the two widely used maintenance strategies. It is very 
challenging to identify an optimal preventive maintenance decision that targets the best balance 
between these types of maintenance and which tends to minimize the overall maintenance costs.

A number of publications on overall equipment effectiveness (OEE) addressed the different 
issues related to maintenance in different industries. However, a little attention has been paid to 
identification of the different key factors that contributed towards these issues in the pharmaceu
ticals industry. The novelty of this research is to find out these key factors that will ultimately help 
the pharmaceuticals industry improve overall effectiveness of its equipment and productivity.

3. Methodology
Referring to Figure 2, the research process consists of several steps. First, a detailed study was 
conducted about the manufacturing processes of the proposed industry to know about the existing 

Figure 1. Types of maintenance.
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problems. It has been observed that the industry is a traditional manufacturing based industry 
with no consideration of improving the production processes. The problems identified were in the 
production of dry suspension products. After a detailed review, the data was collected about the 
dry suspension section for possible improvement and analyzed using the OEE and cost analysis 
was carried out for comparison. Based on these observations several suggestions and recommen
dations were given to the said industry for making necessary improvements.

4. Introduction to case company
The industry is a pharmaceutical industry with different production sections (as seen in Figure 3) 
that produce variety of products such as injectable and oral penicillin, syrup, capsule, tablets, and 
dry suspensions. Unfortunately, the industry is having a problem in Dry Suspension (D/S) section in 
meeting the demand and delivery of the products to customers on time. Careful analysis of the D/S 
section reveals that this problem is due to the increasing rate of wastes produced during produc
tion processes and lack of a proper maintenance system. The company is lacking proper main
tenance system to be employed at the shop floor. Firstly, machines are not capable of producing 
the desired quantity of products as a result of high quantity wastes and low availability rate of 
machines. Secondly, machines breakdown rate is very high due to improper maintenance plan. An 
attempt has been made to calculate the overall equipment effectiveness of all machines working 
in the dry suspension section and identify the six big losses which tend to decrease the OEE of the 
D/S section.

Referring to Figure 4, the dry suspension production begins with raw material (empty bottles) 
coming from raw material store which are inspected in sorting room for any necessary actions. The 
sorted bottles are then kept at temporary storage in shippers near to the main dry suspension 
section. In the main D/S section the raw material in powder form are poured in the sorted empty 
bottles and are then sealed immediately on the sealer. The sealed bottles are then moved to the 
labeling section on the first floor using a lift. When the bottles are labeled, they are moved to the 
packing hall on the ground floor for packaging along with prescription and are then shifted to the 
finished goods store.

5. Production analysis using total productive maintenance approach
Overall equipment effectiveness (OEE) was calculated based on the data collected for the three 
different machines, i.e. filling, sealing, and labeling machines. The data was collected for the four 
different batches produced during two months. The machines are operated for 7 hours per shift 
with one shift a day.

Figure 2. Research 
methodology.
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5.1. Production analysis on filling machine
The empty bottles that have been sorted in the sorting section are brought to the filling machine 
section and are filled with dry suspension powder. Filling machine has a capacity of 12 bottles 
per minute that are filled with powder. Two workers are needed for filling operation, operating the 
two hoppers at a time Table 1.

The data for filling machine is explained as;

No. of bottles filled per minute = 12 bottles/min

Figure 4. Process flowchart for 
the dry suspension section.

Figure 3. Plant layout showing 
different departments.
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Table 1. Summary of work done by various researches (Abdul Rasib et al., 2019; Aman et al., 
2018; Braglia et al., 2008; Fam et al., 2018; Huang et al., 2003; Kapuyanyika & Suthar, 2018; 
Kumar et al., 2014; Palanisamy & Vino, 2013; Puvanasvaran et al., 2013; Samad & Hossain, 
2012; Soltanali et al., 2018)
Author (Year) Research Objective Industry Research 

Technique(s)
Kapuyanyika and Suthar 
(2018)

To investigate about the 
losses occur during 
production and 
categorizing them into six 
big losses of OEE and to 
improve the availability 
and performance of the 
plant.

Wheel surface machining 
in Railway Industry

Kiezen, SMED, focused 
improvement, 5S, 
Taguchi method.

Palanisamy and Vino 
(2013)

To obtain a best value to 
increase the production 
process in the casting 
company by using OEE.

Process Industry Overall Equipment 
Effectiveness (OEE) 
metric.

Zineb Aman et al. (2017) To investigate the 
analysis of machine 
failure, imbalanced posts 
and non-conforming 
products for improving 
the efficiency of 
production line.

Wiring Harnesses 
assembly line

AMDEC-equipment tool, 
Pareto analysis, FMEA, 
preventive maintenance, 
cause and effect 
diagram.

Soo-Fen Fam et al. (2018) To understand different 
TPM pillars which has an 
impact on the efficiency 
and effectiveness of 
a manufacturing plant

Electronic Components & 
Boards Industry

Focused maintenance, 
planned maintenance, 
and autonomous 
maintenance.

A.P. Puvanasvaran et al. 
(2013)

To highlight the problems 
encountered in 
computing the overall 
equipment effectiveness

Aerospace Industry Stopwatch time study 
and MOST.

Muhammad Abdus 
Samad et al. (2012)

To measure the 
performance of CNC 
section using OEE.

Process Industry (CNC 
Cutting)

Overall Equipment 
Effectiveness (OEE) 
metric.

S. Vijaya Kumar et al. 
(2014)

To identify the major 
problems associated with 
the improper scheduling 
and high set-up time.

Impeller manufacturing Single-minute exchange 
of dies (SMED), Preactor 
software.

Samuel H. Huangy et al. 
(2003)

To analyze and improve 
the manufacturing 
productivity of Pilkington 
North America plant in 
Clinton, Michigan

Process Industry Overall Factory 
Effectiveness (OFE), 
Overall Throughput 
Effectiveness (OTE), OEE 
and Pro-Model 
Simulation.

Marcello Braglia et al. 
(2008)

To show how to 
overcome the limitations 
of OEE in 
a manufacturing line.

Automotive Industry OEEML

Hamzeh Soltanali et al. 
(2018)

To investigate the 
performance 
measurement through 
OEE technique in an 
Iranian automotive 
industry.

Automotive Industry OEE matric

(Continued)
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Total available time = 7 hrs/shift x 1 shift/day x 5 days/week = 35 hrs/week = 35 x 60 = 2100 min/ 
week.

In Table 2, the data for four batches is given among which two are for Lactowit and two are for 
Bocef. Batch size for each Lactowit is 8200 parts and for each Bocef 250 mg, batch size is 7500 
parts. Products produced in first batch of lactowit 100 mg are 7617 which is a waste of 583 
products, while second batch produces 7729 parts out of 8200 which is a waste of 471 parts. 
Similarly, from first batch Bocef 250 mg 655 parts are wasted that produces 6845 good parts and 
from second batch 565 parts are wasted to give 6935 good parts from filling machine. 

Availability Að Þ ¼
6445

8400 � 900
x100 ¼ 86% 

Performance Pð Þ ¼
29126=6445

14
x100 ¼ 33% 

Quality Qð Þ ¼
29126 � 2274

29126
x100 ¼ 92% 

Overall equipment effectiveness = A x P x Q = 86 x 33 × 92 = 26%

This gives total of 31,400 parts from both batches per day where 29,126 parts are produced and 
2,274 are wasted. Figure 5 shows the bar graph between total production and waste produced 
from filling machine which shows batch 2 of Lactogen produces less waste which is 471 as 
compared to first that is 583. Similarly, batch 2 of Bocef produces less waste that is 565 than 
first batch which is 655.

Figure 6 shows that availability, performance, quality and overall equipment effectiveness of 
filling machine which is calculated from values of Table 2. Each line in graph shows the availability, 
performance, and quality for all the four batches. Performance of first batch is the highest among 
all batches, i.e. 1.38 and third batch the lowest performance that is 1.27. Quality of second batch is 
the highest which is a value of 0.94 and thirst batch gives the least value of 0.90. While among 
availability second batch gives highest value of 0.89 and first batch gives least value of 0.82.

Author (Year) Research Objective Industry Research 
Technique(s)

Amir Hamza Abdul Rasib 
et al. (2019)

To improve the Overall 
Equipment Effectiveness 
(OEE) via the application 
of Single Minutes 
Exchange of Die (SMED) 
to improve the operation 
efficiency.

Automotive Industry Single Minutes Exchange 
of Die (SMED)

This Research To analyze the 
manufacturing 
productivity using 
overall equipment 
effectiveness (OEE) 
metric in 
a pharmaceuticals 
industry

Pharmaceuticals 
Industry

Overall Equipment 
Effectiveness (OEE) 
metric

Zubair et al., Cogent Engineering (2021), 8: 1953681                                                                                                                                                      
https://doi.org/10.1080/23311916.2021.1953681                                                                                                                                                       

Page 11 of 23



Ta
bl

e 
2.

 D
at

a 
fo

r 
fil

lin
g 

m
ac

hi
ne

 fo
r 

fo
ur

 b
at

ch
es

Ba
tc

h 
No

.
Ba

tc
h 

Na
m

e
Ba

tc
h 

Si
ze

To
ta

l 
Pr

od
uc

tio
n

W
as

te
 

Pr
od

uc
ed

To
ta

l t
im

e 
av

ai
la

bl
e 

(m
in

)

Sc
he

du
le

d 
Do

w
nt

im
e 

(m
in

)

Un
sc

he
du

le
d 

Do
w

nt
im

e 
(m

in
)

Op
er

at
in

g 
Ti

m
e 

(m
in

)
Id

ea
l R

un
 

Ra
te

1
La

ct
ow

it 
10

0 
m

g
8,

20
0

7,
61

7
58

3
21

00
25

0
33

0
15

20
4 

bo
tt

le
s/

m
in

2
La

ct
ow

it 
10

0 
m

g
8,

20
0

7,
72

9
47

1
21

00
25

0
21

0
16

40
4 

bo
tt

le
s/

m
in

3
Bo

ce
f 

25
0 

m
g

7,
50

0
6,

84
5

65
5

21
00

20
0

24
0

16
60

3 
bo

tt
le

s/
m

in

4
Bo

ce
f 

25
0 

m
g

7,
50

0
6,

93
5

56
5

21
00

20
0

27
5

16
25

3 
bo

tt
le

s/
m

in

To
ta

l
31

,4
00

29
,1

26
2,

27
4

8,
40

0
90

0
1,

05
5

6,
44

5
14

 b
ot

tle
s/

m
in

Zubair et al., Cogent Engineering (2021), 8: 1953681                                                                                                                                                      
https://doi.org/10.1080/23311916.2021.1953681

Page 12 of 23



5.2. Production analysis on sealing machine
The bottles that are filled with dry suspension powder in the filling section are then moved to the 
sealing machine through a conveyor belt for sealing. The sealing machine has a capacity of 44 
bottles per minute. Two workers are required for the sealing operation with one putting caps on 
the bottles while the other one operating the sealing machine.

The data for sealing machine is explained as;

No. of bottles sealed per minute = 44 bottles/min.

Total available time = 7 hrs/shift x 1 shift/day x 5 days/week = 35 hrs/week = 35 x 60 = 2100 min/ 
week.

Table 3 shows data for sealing machine where three batches of Clariwitt and one batch of 
Lomoxy is sealed. For each batch of Clariwitt contains 7250 tablets, first three batches produce 
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Figure 5. Total production and 
wastes produced on filling 
machines.
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Figure 6. Performance mea
sures for filling machines.
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5569, 5274 and 6021 giving a waste of 1681, 1976 and 1229. Fourth batch produces 6334 out of 
8000 giving a waste of 1666. 

Availability Að Þ ¼
5800

8400 � 750
x100 ¼ 76% 

Performance Pð Þ ¼
23198=5800

12
x100 ¼ 33% 

Quality Qð Þ ¼
23198 � 6552

23198
x100 ¼ 72% 

Overall equipment effectiveness = A x P x Q = 76 x 33 × 72 = 18%.

Figure 7 shows bar graph for all the four batches production and its wastes. Graph shows that batch 
four Lomoxy 125 mg production of good parts is the highest in a total batch of 8000 while among 3 
batches of Clariwitt 120 mg highest production of good parts among 7250 is for batch 3 that is 6021 
giving least waste of 1229.

Figure 8 refers to the formulas calculation above for availability performance and quality of 
batches produced from sealing machine. Performance for batch 2 is highest that is 1.51 and batch 
3 is least that is 1.35. Availability for batch 3 is highest which are 0.81, and least value for batch 2 
that is 0.72. Similarly, for quality of batches batch 3 gives highest value of 0.80 and least value for 
0.63 is produced for batch 2.

5.3. Production analysis on labeling machine
The filled/sealed bottles are then moved to the labeling section using trolleys and a lifter for 
labeling. Here the bottles are labeled according to the required product name. This labeling 
machine has a capacity of 60 bottles per minute. One worker is required to operate the labeling 
machine.

The data for labeling machine is explained as;

No. of bottles labeled per minute = 60 bottles/min

Total available time = 7 hrs/shift x 1 shift/day x 5 days/week = 35 hrs/week = 35 x 60 = 2100 min/ 
week

Table 4 shows data for labeling machine where first and fourth batch is Liqmol 125 mg and second 
and third batch is Sporcef 250 mg. Liqmol has a batch size of 9350 while Sporcef is 9500. The batches 
produce wastes with first batch producing 715, second batch produces 941, third 777 and last batch 
produces 983. 

Availability Að Þ ¼
6130

8400 � 960
x100 ¼ 82% 

Performance Pð Þ ¼
34284=6130

16
x100 ¼ 34% 
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Quality Qð Þ ¼
34284 � 3416

34284
x100 ¼ 90% 

Overall equipment effectiveness = A x P x Q = 82 x 34 × 90 = 25%

Figure 9 shows production vs. wastes. Among Liqmol first batch produces more products as 
compared to fourth, while Sporcef is produced in greater quantity in third batch. Similarly waste 
produced at batch one is least among all.

The performance for labeling machine is highest for fourth batch with value of 1.40. Quality in 
best produced in batch one i-e 0.92 and least in fourth batch that is 0.88. Availability of labeling 
machine is highest for batch 2 that is a value of 0.85 and least for batch four that is 0.80 Figure 10.
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wastes produced on sealing 
machines.
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Losses in the production system have a direct impact on the costs, so it is imperative to calculate 
the costs due to wastes produced.

Table 5 shows the losses that are resulted from the three machines (filling, sealing, and labeling) 
during the production of twelve (12) batches. It can be clearly seen that the losses on the labeling 
machine are small as compared to the losses on the other two machines. Moreover, the wastes 
produced on the sealing machine are high in number and therefore, it has resulted in very huge 
loss. This is because little or no attention has been paid to the maintenance of sealing machine.
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Figure 10. Performance mea
sures for labeling machine.
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Figure 11 shows bar graph between batches and their losses. Batch 3 produces maximum loss or 
waste for sealing machine. Losses for filling machine and labeling machine are less comparatively. 
Sealing machine gives highest values for waste in all four batches.

6. Discussion
The production performance of the whole dry suspension section is determined by the key equip
ment in the three sub-sections, i.e. filling, sealing, and labeling. The performance of these key 
equipment is controlled by OEE level of the whole dry suspension section. From the data collected 
and analyzed for the Dry Suspension section of the pharmaceutical company, it was observed that 
the OEE for the section was about 23% which is 10% as a whole as shown in Figure 12. This OEE is 
far lower than the advanced maintenance level of TPM. Referring to Figure 13, the quality and 
availability percentage indexes of filling and labeling machines are somewhat approaching the 
standard levels of TPM. However; in case of sealing machine, all the three performance indexes are 
far lower than the standard levels. The performance of all of the three machines is relatively stable 
however; is very low as compared to the other two performance indexes.

The availability, performance, and quality rate for filling machine are 86%, 33%, and 92% 
respectively and it has resulted in OEE of 26%, which is very low. This low level of OEE is mainly 
due to the low level of performance percentage. For the sealing machine, the availability, perfor
mance, and quality rates are 76%, 33%, and 72% respectively and it has resulted in OEE level of 
18%. It can be clearly seen that this low level of OEE for the sealing machine is mainly affected by 
all the three performance indicators. In case of labeling machine, the availability, performance, 
and quality indexes are 82%, 34%, and 90% respectively. The OEE level for this machine is 25% 
which is very low and is mainly affected by performance.

The world class OEE level for one type of product with fixed speed and one or two characteristics 
is as follows: percent availability ≥95%, performance percentage ≥95%, quality percentage 
≥99.95%, and OEE ≥85% (Muchiri & Pintelon, 2008).

As shown in Table 6, there is so much distance in world class OEE and dry suspension process 
OEE. This is mainly due to the high difference between the performance level of world class and D/ 

Table 5. Total loss from 12 batches on three machines
Machine 
Name

Batch Name Waste 
Produced

Price/Unit 
(PKR)

Loss/Batch 
(PKR)

Loss/Machine 
(PKR)

Filling Machine Lactowit 
100 mg

583 28 16,324 102,712

Lactowit 
100 mg

471 28 13,188

Bocef 250 mg 655 60 39,300

Bocef 250 mg 565 60 33,900

Sealing 
Machine

Clariwitt 120 mg 1,681 60 100,860 376,460
Clariwitt 120 mg 1,976 60 118,560

Clariwitt 120 mg 1,229 60 73,740

Lomoxy 125 mg 1,666 50 83,300

Labeling 
Machine

Liqmol 125 mg 715 40 28,600 128,050
Sporcef 250 mg 941 35 32,935

Sporcef 250 mg 777 35 27,195

Liqmol 125 mg 983 40 39,320

Total Loss 607,222
*PKR = Pakistani Rupees
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S process. In order to achieve the world class level of OEE, the performance level of D/S process has 
to be enhanced to 95%.

There are several reasons for the low level of availability, performance, and quality of dry 
suspension process. First, the equipment needs some time to be set up. The equipment needs to 
be temporarily shut down for the raw material to be fed in during the production process on filling 
machine. Secondly, during the sealing process, the unqualified products need to be reworked, so 
the loss which inherently belongs to quality percentage is counted on to the availability loss. In 
addition, there is no proper maintenance system which leads to the production of unacceptable 
quality products. The maintenance strategy which is being followed in the industry is breakdown 
maintenance strategy. The machine is only repaired/maintained, when some failure occurs. This 
approach leads to unavailability of machine for longer periods of time.
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Figure 11. Losses resulted from 
12 batches on the three 
machines.
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It is recommended that the industry should follow preventive maintenance (Predictive) strategy 
rather breakdown maintenance in order to avoid these problems. By following preventive main
tenance (Predictive), the performance, safety and life of equipment will be improved. Moreover, the 
equipment downtime will be decreased, the number of major repairs will be reduced and the rate 
of scraps due to poorly maintained machinery will be lowered. Also by implementing the Total 
productive maintenance program (TPM), the sense of ownership to the machine operators will 
grow and they will take care of equipment by their own and they will be trained for basic 
maintenance operations. All these factors will lead to improve the efficiency and effectiveness of 
the dry suspension (D/S) section.

7. Conclusion and future work
The case company failed to adequately control the dry suspension section whose OEE level was 
calculated to be 23 percent which is lagging behind the world class level of 95 percent. Dry 
suspension section has three machines; sealing, filling, and labeling machines that were discussed 
in the paper. Performance indicators that are Availability, Quality and Performance were calculated 
for the three machines in order to calculate the OEE. Analysis of the results found that 
Performance of the machines is relatively stable as compared to quality and availability. Studies 
suggest that machines unplanned downtime is causing huge losses that are calculated to be 
607,222 PKR.
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Figure 13. Effectiveness index 
for the three machines.

Table 6. Comparison of world class OEE and dry suspension OEE
OEE Factors World Class Dry Suspension
Availability 95% 81%

Performance 95% 33%

Quality 99.95% 85%

OEE 85% 23%
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The industry’s current breakdown maintenance strategy is found responsible to the unavailabil
ity of production machines for longer periods of time. The machines poor maintenance produce 
defective parts that lead to low quality rate of sealing machine. In order to address this short 
coming, it is suggested that TQM tools to be considered in order to reach world class OEE level, 
improve the quality of the products produced and reduce maintenance/breakdown time. As this 
OEE tool is only applied to assess the efficiency and effectiveness of Dry suspension section of the 
said industry. A future work of this research could be to apply the OEE analysis to assess and 
improve the efficiency of the whole production plant.
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