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Over the past decades there has been an increase in the productive potential of pasta factories worldwide. 
Italy produces the 25% of the global world production and confirms its leadership in Europe. The need of 
maximizing the global equipment effectiveness has led to investigate new methodological approaches aiming 
at guarantee the continuous improvement of processes without neglecting the pasta quality level required by 
the market. The relationship between technical availability, performance efficiency and product quality needs 
to be investigated. In scientific literature, several studies are focused on the application of OEE evaluations in 
different production sectors, but there is a lack of attention paid to the pasta production systems. An OEE 
analysis could help to investigate the relationship among performance efficiency and product quality in order 
to identify problem areas and drive a continuous improvement. The approach has been developed and 
validated with reference to a pasta factory located in the South of Italy revealing its capability of being a 
successful supporting tool for production managers. 

Keywords: pasta production, performance evaluation, OEE.  

1. Introduction  

In the last ten years the pasta production has increased 
from 7 to 13 million tonnes in the world, and forecasts 
confirm this trend for the next coming years (Consumer 
Trends, 2010).  

The E.U. produces 36.6% of the worldwide production 
and Italy confirms its leadership in producing and 
consuming pasta. Italy is the first pasta producer in 
Europe: it accounts for 25% of the global world 
production (12.8 Mton in 2009) and 74.2% of the EU 
production of dried pasta (4.12 Mton in 2009 - UN.I.P.I., 
2010). 

Pasta is a staple in the Italian diet. Italian pasta production 
systems are characterized by a large product mix (shapes 
of pasta: short, long and nested; type of dough: soft wheat 
flours, durum wheat flours, egg pasta). 

According to Italian regulations, pasta is defined as the 
product obtained by mixing, extruding and finally drying a 
dough of water and wheat (Fantozzi et al., 2000). 

In order to obtain a high quality product, natural 
ingredients have to be used, the production must be made 
in compliance with the hygienic safety standards required 
(H.A.C.C.P., IFS Food 5.0, ISO 22000), and optimal 
processing conditions must be assured in the production 
cycle. Pasta quality is subjected to several variables: the 
origin place of the durum wheat from which the flour is 
produced, the characteristics of the flour, the 
manufacturing, the possible added ingredients, and the 
hygiene of preservation. 

A state of the art of wheat characteristics and their effect 
on pasta quality have been fully documented (Matsuo and 

Irvine, 1970; Dexter et al., 1981, Dick and Matsuo, 1988), 
while few data have been published regarding the 
influence of process variables on pasta quality.  

Debbouz and Doetkott (1996) provides a state of the art 
on the effect of process variables on pasta quality and on 
variables optimization to obtain top-quality pasta. 

Sannino et al. (2005) shows how the drying process is a 
critical phase of the pasta production, since humidity and 
temperature parameters strongly influence the quality of 
the product. Moreover, the drying process must be carried 
out slowly without any strain: drying time influences the 
production speed and thus the production efficiency. 

In order to evaluate the global system performance it is 
necessary to assess the magnitude of different production 
losses: downtime losses (failures, set-up and adjustments), 
speed losses (idling, minor stoppages, reduced speed), and 
quality losses (defects in process, reduced yield losses). 

Nakajima (1988) suggested the following “six big time 
losses”: 

• Failures: downtime losses caused by unexpected 
breakdowns (i.e. tooling failure, unplanned 
maintenance, general breakdowns, equipment 
failure). 

• Set-up and adjustments: downtime losses due to 
setup and adjustments (i.e. setup/changeover, 
material shortages, operator shortages, major 
adjustments, warm-up time). 

• Idling and minor stoppages: idling and minor 
stoppages that do not require maintenance 



personnel (i.e. sensor blocked, cleaning, 
checking, obstructed product flow). 

• Reduced speed: losses caused by the discrepancy 
between the theoretical maximum speed and the 
effective speed of equipment (i.e. rough running, 
equipment wear, operator inefficiency). 

• Defect losses in process: losses caused by defects 
and the reworking of defects (i.e. scrap, rework, 
incorrect assembly). 

• Reduced yield: Reduced yield losses that occur 
between start-up and stable production (in-
process damage, in-process expiration). 

In order to maximize equipment effectiveness and drive a 
continuous improvement, the relationship between 
availability, performance efficiency and product quality 
needs to be investigated. 

Productive Maintenance introduces a new synthetic 
indicator of analysis called “overall equipment 
effectiveness” (OEE) aiming to collect all six loss 
categories (Manzini and Regattieri, 2010). OEE is a 
balanced metric aiming to relate the availability of the 
process to the productivity and quality of the product. 

OEE is a useful tool allowing identifying problems area 
and the symptoms of each problem. Idhammar 
Whitepaper (2008) shows how “the real opportunity lies 
in the ability to determine the root causes for each loss, 
and to then implement effective corrective actions to 
eliminate them”. The OEE evaluation can be considered a 
severe test, since for every manufacturing plant a different 
types of calculation are required.  

In spite of several applications of OEE evaluations in 
different production sectors, little attention is paid to the 
pasta production systems, in this way neglecting the 
effects of significant market phenomena on the 
competitiveness of the pasta sector. On one hand there is 
an important increase worldwide in the demand of pasta 
consumption and in costs of raw materials (UN.I.P.I., 
2010); on the other hand, market price tend to be stable 
because of high world-based competitiveness in different 
industrial areas (e.g. US producers account for about 19.5 
% of world production). Both market phenomena cause 
reductions in profits of enterprises. 

In order to organize activities and allocate resources in an 
optimal way, management has to carry out performance 
evaluations to relate product quality and production 
efficiency.  

An OEE analysis could help in-depth investigations to 
search for improvements area in production environment 
that could tackle the phenomenon of profit reduction. 

The proposed approach aims at identifying main stages of 
pasta production lines potentially subject to increase in 
technical-economic performance. The purpose is pursued 
by an OEE analysis.  

The paper is structured as follows: section 2 describes the 
guidelines to carry out an OEE analysis for pasta 

production systems, in section 3 a full-scale case study is 
described; results and conclusions are finally provided in 
section 4. 

2. OEE Analysis of Pasta Production Line 

The suggested model aims to evaluate the effectiveness of 
a multiproduct plant and identify all factors that could 
influence the global performance of the line.  

Step 0: Analysis of dried pasta production process 

The production cycle of dried pasta is structured in several 
phases; steps are performed in series and a control of 
parameters is checked during the process. Product Quality 
control is executed at the end of the whole production 
cycle. 

The production cycle is structured on 5 main phases 
identified as Work Stations (WSi ,i = 1, ..., 5). 

OU 1.1 Raw Materials Pack
OU 1.2 Mixer

OU 2.1 Extruder
OU 2.2 Laminator
OU 2.3 Rejected Products Conveyor

OU 3.1 Unit  Heater
OU 3.2 Pre-Drying Tank
OU 3.3 Drying Tank

OU 4.1 Humidifier
OU 4.2 Air cooler

OU 5.1 Silos
OU 5.2 Pasta Remover
OU 5.3 Conveyor (Return)

WS 5

WS 1

WS 2

WS 3

WS 4

 
Figure 1. Work Stations and Operating Units of a dried 

pasta production line. 

WS 1-Mixing and kneading phase: wheat stored in silos is 
moved by means of a pneumatic transport system, and 
then is mixed with the water in order to obtain dough 
characterized by the desired consistency. 

WS 2-Extruding phase: the dough is forced through the 
die by the extrusion auger. The extrusion temperature has 
to be constant (approximately 51°C): if the dough is too 
hot (above 74°C) the pasta will be damaged. The product 
appearance is influenced by the inside surface of the die. 
The extruder controls the flow rate that has to be 
uniform. Non-uniform products must be discarded or 
reprocessed. 

WS 3-Drying phase: this is the most critical step of the 
pasta production cycle. Temperature and humidity have to 
be tailored to meet the requirements of each type of pasta 
to be realized. The drying time period differs with the 
shapes and sizes of the product. Drying process has to be 
monitored carefully: if the pasta is dried too quickly it will 
break, and if it is dried too slowly the chance for spoilage 



increases. This parameter influences the production speed 
and the quality rate of the product. 

WS 4-Pre-packaging phase: the dried pasta is slowly 
cooled and stored in silos. 

WS 5-Packaging phase: pasta is packaged and keep free 
from contamination. 

For each WS two or more Operating Units (OUs) have 
been identified (figure 1). 

All the OUs, and consequently all the WSs work in series: 
if an operating unit stops, all the others operating units are 
stopped. 

Step 1: Defining pasta production system states 

In order to consider all losses in the definition of the 
OEE indicator, the states in which the line could be have 
to be identified (figure 2). 
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Figure 2. States of the system and related time horizons. 

During the Loading Time interval (LT), the line could be 
characterized by different working/not working states, 
each of them characterized by different time horizon 
(figure 2): 

State 1: the line is working and produces pasta meeting the 
quality standards required. The related time horizon is 
named Valuable Operating Time (VOT). 

State 2: the line is working but the pasta production rate is 
less than the nominal production rate (2 [Mkg/hour]). The 
related time horizon is named Speed Losses Time (SLT).  

State 3: the line is working but it produces pasta not 
meeting the quality standards required. The time horizon 
in which the system produces defected pasta is named 
Defect Losses Time (DLT). 

State 4: the line is not working because of a failure 
stopping the process for a significant time interval. The 
time horizon in which the line is waiting for the 
maintenance intervention is named Equipment Failure 
Time (EFT). 

State 5: after a failure occurred, the line is not working and 
is being repaired. The time interval required to repair the 
machine is named Adjustment Time (AT). The model 
considers as “State 5” only the cases with an AT greater 
than 10 minutes. 

State 6: the line is in the set-up phase due to the 
changeover. In fact, the production losses take place 
mainly in this phase when requirements on production 
speed, temperature and humidity of environment are not 
fully assured. 

The corresponding time horizon necessary to achieve the 
steady state condition of production is named Set-up 
Time (SUT). 

Step 2: OEE Calculation  

Overall Equipment Effectiveness is usually defined as 
“the ratio of Fully Productive Time to Planned 
Production Time” and computed as the product of three 
factors: Availability (A), Performance Efficiency (PE), and 
Quality Rate (QR). 

OEE = A x PE x QR 

Each contributing factor has to be defined on the base of 
the specific characteristics of the pasta production line 
and of the states and times defined in step 1 (figure 2). 

The availability is defined as: 

A = UT / LT 

where  

LT = UT + DT. 

In order to evaluate the availability of the line a bottom-
up approach from the OUs up to the whole line is 
suggested. The OUs as well as the WSs of the line work in 
series. In case of stochastic independency of failures of 
OUs belonging to the i-th WS, the corresponding 
availability is defined as: 

Ai = ∏ Aj,i 

where Aj,i is the availability of the j-th OU belonging to 
the i-th WS. The same line of reasoning applies to the 
whole line: 

Aline = ∏ Ai 

where Ai  is the availability of the i-th WS. 
The Performance Efficiency (PE) is defined as: 

PE  = VOT / NOT 

where NOT (Net Operating Time) = VOT + SLT. 

PE can be calculated as the ratio between the actual 
production rate (quantity of pasta produced during a given 
time horizon) and the nominal production rate (theoretical 
quantity of pasta that can be produced during the defined 
time horizon). 

The Quality Rate (QR) of the line is defined as: 

QR = NOT /UT 

where  

UT = NOT + DLT. 

QR accounts the production meeting the quality 
requirements and can be evaluated as the ratio between 
the good production (named as “packaged quantity”, PQ) 
and the total production (PRQ). 

The PQ is defined as: 

PQ = PRQ - PD 



where PD is the amount of product discarded during the 
non-steady state of the line after a changeover. 

Step 3: OEE analysis and Performance Evaluation 

The performance evaluation of the system is based on 
several analyses:  

1. OEE evolution analysis in the considered time 
horizon;  

2. Analysis of each OEE contributing factor (A, 
PE, QR) variation in the considered time horizon 
in order to identify the most critical one;  

3. Availability analysis of the WSs. In order to 
identify the most critical WS of the line and to 
adopt actions for continuous improvement, each 
WS needs to be investigated in terms of 
Availability (A), Equipment Failure Time (EFT), 
Adjustment Time (AT), and number of failure 
events occurred. 

The Technical Un-availability Time (TUT) 
defined as 

TUT = EFT + AT 

is representative of the failure magnitude while 
the number of failure events shows the attitude 
to fail of each component.  

Once the most critical WS is identified a further 
analysis on failure modes can be carried out in 
order to identify the failure mode that occurs 
more often in the WS. 

4. Correlation analysis between the OEE (A, PE, 
QR) and the type of pasta produced.  

3. Industrial Case Study 

The proposed approach has been applied in a dried pasta 
factory, located in the South of Italy. One of the five 
production lines of the factory has been analysed: the 
dried long pasta line. The observed line is multiproduct; 
nine different types of pasta are produced: Tagliatelle, 
Lingue di passero, Linguine, Bucatini, Spaghetti 
Vermicelloni, Spaghetti vermicelli, Spaghetti ristorante, 
Spaghettini and Capellini. Data related to years 2006-2010 
have been collected (Torti, 2011). 
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Figure 3. Production mix (long dried pasta line - 2010). 

In 2010 the production has been around 7795 [Mkg] of 
pasta: the main production quantities have been Spaghetti 
vermicelli (37.19%) and Spaghetti ristorante (27.60%) 
(figure 3). 

The OEE evaluation has been carried out for each of the 
years 2006-2010. The trends of OEE, A, PE and QR are 
depicted in table 1. 

A ∆A PE ∆PE QR ∆QR OEE ∆OEE
2006 95.81 - 99.98 - 64.39 - 61.68 -
2007 98.70 3.02 99.96 -0.03 91.69 42.40 90.45 46.65
2008 96.87 -1.85 99.97 0.02 90.71 -1.06 87.85 -2.87
2009 90.62 -6.45 99.97 -0.01 89.89 -0.91 81.44 -7.30
2010 91.28 0.72 94.85 -5.12 90.82 1.03 78.62 -3.45  

Table 1. Values (%) and variation (∆%) over the last five 
years of A, PE, QR, and OEE (2006-2010).  

The percentage of variation of the year b over the year a is 
evaluated as: 

∆ (%) = (b - a)/a *100 

From 2007 to 2010, the OEE of the line has decreased 
significantly from 90.45% to 78.62%.  

The OEE value of 2006 is affected by the low quality of 
QR data. The analysis is so focused on 2009: it has been 
revealed the most critical year in terms of OEE variation 
(see table 1).  

In 2009 the availability of the line has paid a significant 
reduction of more than 6% (vs. 2008). The availability can 
be identified as the critical factor responsible of the 
decreasing of the OEE value. 

A further analysis shows how the number of failure events 
in 2009 has doubled the number of the previous year 
(table 3), as well as the amount of hours in which the line 
does not work because of a failure and its maintenance 
adjustment time. 

The framework suggests investigating the causes of this 
worsening by the analysis of each WS. 

In order to evaluate the availability of the line, the 
bottom-up approach proposed in step 2 of the previous 
section has been applied: the availability of the line has 
been evaluated starting from the availability value of each 
OU.  

Results show how 2009 has been a critical year: availability 
values of all WSs decreased from 2008 to 2009 (see table 
2). 

Moreover, the analysis suggests to deeply investigate on 
the WSs in order to identify the critical one. 

Table 2 shows how all the WSs are characterized by an 
optimal level of availability, but the negative variation of 
performance of each one has caused a significant decrease 
of the global performance. 

Further analysis on the number of failure events (table 3) 
and of the Technical Un-availability Time (table 4) have 
confirmed this result. The number of failure events from 
2008 to 2009 has increased from 222 to 629 and the 



amount of technical un-availability hours has paid an 
increase of more than 130%. 

 

Operating 
Unit

2006 2007 2008 2009 2010
Work 

Station
2006 2007 2008 2009 2010

A.1 99.69% 99.94% 99.67% 98.66% 99.25%
A.2 99.71% 99.95% 99.79% 99.18% 99.26%
B.1 99.65% 99.88% 99.79% 99.10% 99.36%
B.2 99.62% 99.77% 99.65% 99.24% 99.31%
B.3 99.64% 99.86% 99.70% 99.32% 99.23%
C.1 99.74% 99.95% 99.87% 99.49% 99.36%
C.2 99.49% 99.94% 99.74% 99.16% 99.22%
C.3 99.67% 99.88% 99.80% 99.20% 99.28%
D.1 99.69% 99.76% 99.66% 99.23% 99.11%
D.2 99.53% 99.90% 99.73% 99.23% 99.24%
E.1 99.55% 99.90% 99.57% 98.96% 98.96%
E.2 100.00% 100.00% 100.00% 100.00% 100.00%
E.3 99.74% 99.95% 99.87% 99.43% 99.33%

98.39% 98.29%E 99.29% 99.85% 99.43%

99.77% 99.41% 97.87% 97.87%

D 99.23% 99.67% 99.39% 98.46% 98.36%

97.85%

B 98.91% 99.51% 99.14% 97.68% 97.91%

C 98.91%

98.52%

AVAILABILITY

A 99.40% 99.89% 99.46%

 
Table 2. Availability of OUs and WSs (years 2006-2010). 

WS 2006 2007 2008 2009 2010 mean dev.st

A 29 5 28 126 64 50.4 47.2
B 60 28 45 114 88 67 34.3
C 68 17 35 131 99 70 46.4
D 53 26 56 120 100 71 38.1
E 55 12 58 138 130 78.6 53.8

LINE 265 88 222 629 481 337 215.9

Number of failure events

 
Table 3. Number of failure events occurred in the 5 WSs 

(years 2006-2010). 

WS 2006 2007 2008 2009 2010 mean dev.st

LINE 162.1 89.2 165.5 383.8 363.6 232.84 132.3
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Table 4. Technical Un-availability Time of the 5 WSs 

(years 2006-2010). 

The number of failure events and the technical un-
availability time analysis identify the WS C and the WS E 
as the critical ones. 

In 2009 the un-availability time of WS E is twice over the 
value of the previous year. 

A final analysis has been carried out in order to verify if 
there is a correlation between the OEE of the line and the 
particular type of pasta produced (table 5). The OEE of 
the line has been evaluated with reference to each type of 
pasta produced. In this evaluation, the availability value of 
the line has been considered constant, because of the 
impossibility to evaluate availability of the line for 
different shapes of pasta produced. 

The lowest OEE mean value is related to Capellini shape. 
When availability of the line is considered as constant for 
each type of pasta produced, QR reveals to be the main 
loss affecting OEE values, and Capellini the most critical 
type of pasta. The PE value related to different pasta types 
does not differ significantly, while the QR values vary in 
the range between 75.62% and 94.33% (see table 5). The 
minimum QR value belongs to Capellini type: this value 
can be justified by the extreme fragility of this shape.  
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Figure 5. Quality Rate vs. Lot Size (years 2006-2010). 
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Figure 4. Quality Rate vs. number of weekly set-up (years 

2006-2010). 

A

mean dev.st mean dev.st MAX MIN mean dev.st

Tagliatelle const 0.9910 0.0246 0.9433 0.0005 0.9104 0.8595 0.8850 0.0254
Lingue di passero const 0.9984 0.0026 0.8847 0.0795 0.9278 0.7428 0.8353 0.0925

Linguine const 0.9904 0.0203 0.8909 0.0659 0.9289 0.7400 0.8345 0.0945
Bucatini const 0.9975 0.0032 0.8477 0.0632 0.8773 0.7219 0.7996 0.0777

Spaghetti vermicelloni const 0.9906 0.0201 0.8765 0.0921 0.9462 0.6955 0.8209 0.1253
Spaghetti vermicelli const 0.9880 0.0265 0.8622 0.1289 0.9817 0.6292 0.8055 0.1763
Spaghetti ristorante const 0.9899 0.0219 0.8419 0.1401 0.9761 0.5990 0.7876 0.1885

Spaghettini const 0.9869 0.0282 0.8580 0.1244 0.9746 0.6276 0.8011 0.1735
Capellini const 0.9868 0.0286 0.7562 0.0826 0.8422 0.5657 0.7040 0.1382

PE QR OEE
2006-2010

 
Table 5. Maximum, minimum, mean, and standard deviation value of OEE for the 9 types of pasta (years 2006-2010).



Finally, the QR performance index has been deeply 
investigated in order to evaluate the dependency from the 
operation management (loading) in terms of both 
frequency of set-up (see figure 4) and of the production 
lot size (see figure 5). 

Results obtained show that the QR is not affected by both 
variables. In order to explain QR variability observed 
(table 5), further investigations are required to relate QR 
to the characteristics of the types of pasta produced. 

Conclusions 

The pasta market has increased its productive potential 
and Italy has confirmed its leadership in this sector. 
Scientific literature shows how the OEE is a useful tool to 
evaluate the global performance of many manufacturing 
systems but a lack of attention has been paid to the pasta 
production sector. 

The paper proposes a framework to carry out the 
performance evaluation of a dried pasta production line in 
order to identify problem areas and drive a continuous 
technical-economic improvement. Starting from the 
analysis of the structure of the line (and its work stations) 
and the definition of the possible states of the system, 
each contributing factor has been defined on the base of 
the own characteristics of the pasta production. An OEE 
analysis is proposed aiming at identifying the most critical 
contributing factor among the availability of the line, the 
performance efficiency and the pasta quality rate. 

A further analysis has been suggested in order to 
investigate the correlation between the OEE and the type 
of product produced. 

This methodological approach has been applied with 
reference to a pasta factory located in the South of Italy. 
The approach revealed its capability of being a successful 
supporting tool for production managers involved in the 
difficult task to investigate all possible losses of a 
production system. Results of the analysis allowed 
identifying in the QR the main loss affecting the OEE of 
the line. Further investigations allowed to identify the 
most critical type of pasta among the mix produced in the 
line. 
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