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Abstract: Within the Italian Industrial Laundry sector we are assisting to an outstanding industrialization 
process towed by the increase in technology and automation of machineries. This breakthrough highlights the 
need for an increase and a dissemination of industrial culture within the laundries. This paper concern the 
realization of a research project that aims to the define and spread a plant performance measurement and 
analysis system as a standard for the entire Italian Laundry Sector. In first the first part of the paper Authors 
will shortly describe the features of the proposed system. The second part of the paper will focus on the 
dissemination process, necessary to ensure the establishment of the proposed system and the increasing of 
the industrial culture within the sector. 
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1. Introduction 

Operations Management provides methods, techniques 
and  indicators useful  to monitor, control and improve 
performances of industrial enterprises. The success of 
these tools is connected to the general validity in which 
they can be applied within many different business 
environments. To achieve the main benefits in terms of 
effectiveness and efficiency of industrial plant  and staff 
involvement, general principles and methods of O.M. 
should be tailored to the specific industrial context. This is 
due to the fact that every industry is different for both 
industrial culture and organizational habits. These depend 
both on the history of the specific enterprise and its 
market, and on the strategic and operational  priority due 
to product and/or process technological specific. 

In markets characterized by large multinational companies 
(automotive, pharmaceutical, consumer electronic, etc.) 
the standard/principles adjustment to the specific contest 
is usually driven by these companies, and then it spread 
rapidly to all other companies of the same market.  In fact 
multinational companies own adequate capacity in terms 
of both quantity and industrial culture of the human 
resources. In other areas, usually characterized by small 
enterprises, the diffusion of these standards is hampered 
by a lack of adequate capacity. In this context, the role of 
the University in supporting specific industrial 
associations, may be essential for proper contextualization 
of knowledge and for a widespread distribution in it. 

This paper deals with a project in this kind of sector. 
Indeed  authors have been involved by the independent 
Bilateral industrial laundries body (EBLI, the association 
among Assosistema, the Italian industrial association of 
this sector, and the sector unions), in order to develop a 
system for monitoring, controlling and improving the 

performances of industrial laundry plants. At the same 
time the aim of the project has been to facilitate the 
teaching and dissemination within the industrial laundry 
sector of the industrial best practices existing in literature. 
The need for such a project is explained by the fact that in 
Italy the last decade, the laundry industry driven by rapid 
growth in the level of automation, that has launched a 
major transformation, not yet concluded, to new forms of 
organization, more stable and structured. The proof is that 
the laundry sector has more than 600 companies with a 
turnover of over EUR 1.8 billion and approximately 
25,000 employees. In this transition we are witnessing to a 
gradual change from traditional concept to industrial 
concept of work and organization. Therefore the project 
aims to facilitate this natural process and to accelerate the 
growth of the industrial culture of the industry. This is 
made possible by both: providing to all enterprises, 
regardless of their size, the best tools and methods 
necessary to achieve this goal customized for the sector, 
and at the same time facilitating the development of  
industrial best practices. Therefore the project has been 
divided into two main phases.  

The first phase concerns the analysis of laundry industrial 
plants and the design of a specific system for monitoring 
and improving its performance. The result of the first 
phase was the guidelines for the implementation of the 
measure system and the related activities of analysis and 
improvement briefly reported in this paper.  

The second phase concerns the dissemination of the best 
practises within companies and it includes a benchmark as 
a tool to show to the companies theirs points of weakness 
pushing them to use the proposed system for improving 
their plant performance. The results of this phase, that is 
not yet concluded, will be a benchmark tool and a plan of 
dissemination activities involving University and EBLI. 
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2. Introduction of measurement system  

2.1 Key Performance Indicators 

Key Performance Indicators (KPIs) represent a set of 
measures focusing on those aspects of organizational 
performance that are the most critical for the current and 
future success of the organization (Parmenter, 2010). 

Definition of KPIs set is dramatically  important for any 
enterprise in order to measure and analyze its 
performance with the aim to identify areas for 
improvement. KPIs support management in define the 
right improvement interventions, to verify and monitor 
the achieved advances facilitating the target achievement. 

However the monitoring of KPIs requires a big effort due 
to data collection, therefore it must be abundantly 
rewarded by the benefits obtained through their use 
(George, et al., 2005). 

Therefore the aim of this research project was to identify 
a limited number of parameters that are particularly 
relevant for laundries. In particular the project focus on  
the performance of the manufacturing plant, excluding 
other important organizational issues (commercial, 
transportation systems, ecc.). So the system of proposed 
metrics is based on the fundamental concept of the 
production plant overall productivity, defined as the ratio 
between the actual results achieved by the plant and the 
amount of resources actually used. 

In order to develop a measuring system suitable and 
effective for the specific field of study, Authors conducted 
a sample survey within the company of Assosistema to 
identify the production key factor for industrial laundries 
sector. The main production factors identified throughout 
the interviews are:  

 Machinery: a key resource for the company. 
Their efficient management is crucial in enabling 
the company to process the maximum amount 
of laundry at a time when the system is working, 
thus containing also the use of all other 
resources; 

 Textiles: The textile processed within an 
industrial laundry is an ownership of the 
company and its cost is always higher. Therefore 
it is important to efficient operation of the 
laundry both within the establishment and 
among the customer, in order to chase the 
highest financial return from capital invested in 
it; 

 Human Resources (HR): are probably the most 
important productive resource for the company. 
Labour costs play a key role in the competition. 
It is therefore essential to improve the 
capabilities of the company in managing 
efficiently the workforce depending on both 
plant installed machineries and required changes 
in production volumes; 

 Utilities: Even the utilities energy consumption 
in laundries sector is a key factor of competition 

and therefore performance indicators set for 
proper energy management is mandatory.  

For each of the identified factors a set KPI have been 
defined. Some indicators, considered particularly 
important, present second level indicators that can 
provide more information about the first level indicator 
behaviour and can help in analysis for improvement. 

  

Figure 1: Resources that affect plant overall productivity 

For each indicator Authors define: 

 goal: it indicate the reason for the detection of 
the indicator and suggests its use also for the 
process of improvement of organizational 
performance; 

 Definition: discursive description of the 
indicator; 

 Formulation: analytical description in 
mathematical terms of the indicator; 

 Frequency of detection: it indicates the time 
period for calculating to achieve a useful 
subsequent analysis. 

Many laundries of the Italian laundry sector are not 
accustomed to industrial performance system or to data 
collection, so the introduction of this measurement 
system could represent a criticality for them. Thus 
Authors in introducing the KPIs in the guide identify 
within the first level indicators the "basic indicators" that 
allow analysis at the macro level of system performance 
and allow to identify the principal area of improvement. 

Use of basic indicators will be dramatically important in 
the second phase of the research project which include 
the benchmarking within the laundries. In fact the 
comparison between the laundries will concern these type 
of indicators (see par. 3.1) A comprehensive list of the 
indicators with all description parameters is reported in 
figure 3. 

2.1.1 Machinery KPIs 

Very relevant are the different procedures necessary to 
evaluate the effectiveness of production machinery. This 
effort is mainly due to the specificities of the sector in 
terms of product attributes and manufacturing process 
worked. In particular textiles mix (napkins, tablecloths, 
towels, sheets, etc.). and HR assignment influence deeply 
the theoretical productive capacity of the machinary.  

Typically, in laundries, the productivity of machineries 
depends directly to the number of allocated operators. HR 
are a flexible resource that can be reallocated easily to 
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different machineries depending on the priorities of 
production also more than once during a shift. Although 
flexibility is an area of strength, an excessive and 
uncontrolled shifting of operator from one to other 
machinery can determine a reduction of machinery 
productivity and so global productivity. In order to 
quantify the consequence of this kind of behaviour it was 
introduced the following KPIs: 

The Theoretical capacity is fixed for a certain mix of 
textile. It  corresponds to the total amount of textiles, 
(according to the established mix), processed in one day, 
for a programmed period of production, using the 
machinery in ideal conditions. Therefore loss of capacity 
due to the inefficiencies that occur during production are 
not take into account; 

The Practical capacity corresponds to the amount of 
textiles, according to the established mix, processed in one 
day using the machinery in real conditions, but with all the 
HR allocated at each machinery. Therefore the losses of 
capacity due to the inefficiencies (such as: stoppages, 
downtimes, reduction in production rate, etc.) that occur 
during the daily production are take into account (Figure 
2); 

The Actual capacity (that can be calculated from actual 
collected data) corresponds to the amount of textiles, 
according to the established mix, processed in one day 
using the machinery in real conditions and then taking 
into account both process inefficiencies and change in HR 
location during the processing time (reduction in HR 
located on average to a machinery) (Figure 2).  

 

Figure 2: Theoretical, Practical and Actual Capacity 

As shown by table in figure 3 designed indicators take in 
account all these features. 

2.1.2 Textiles KPIs 

The purpose of textile productivity is to measures the 
laundry ability to obtain the best result by their investment 
in textile resources (measuring it, for example, as the 
quantity of textile sent to the clients). 

Hence laundry productivity is determined by the ability to: 

 Ensure the longest life possible in accordance 
with textile quality standards; 

 Minimizes the time when the textile is stocked 
therefore unutilized, (maximize the textile 
rotation index). 

Productivity must take into account the need for 
guarantee textiles quality standards. For these reason 
Authors introduce this parameters into KPIs set.  

Measure this indicator allows Laundries to consider the 
behaviour of different customers and to compare with. 
Thus, laundries can share this information with customers 
(Lin, Chen, & Chiu, 2010) in order to increase customer 
involvement and responsibility. Therefore, responsibility 
on textile quality standard for both actors could be the 
leverage to begin a long term partnership as a business 
relationship with trust and commitment (Mohr, 1994). A 
long term partnership can have positive impact in 
productivity, as gathered from KPIs in figure 3. 

2.1.3 Human Resources KPIs 

The productivity of human resources measures the ability 
to get the best result (amount of laundry processed daily) 
from staff who daily work in the plant (total hours of 
work or cost total staff). 

The productivity of human resources, therefore, depends 
mainly on two separate factors: 

 The average cost per hour worked in Human 
Resources; 

 The ability of the company to process as much 
possible textile per hour worked. 

The first factor aside from the present study, however is 
important to highlight how the overall result for the 
company is determined by an appropriate balance 
between the two terms. In fact to aim the lowest average 
cost of human resources can affect negatively both the 
ability to obtain adequate values of daily production by 
HR and other resources productivity. 

2.1.4 Utilities KPIs 

Under the term "utilities" are grouped as the main energy 
resources, necessary for the operations of the production 
process. Utilities are eventually converted and distributed 
to the various production units where the utilities are 
transformed into useful work (Fawkes, 2007) through 
utility systems (electric, water plant, etc..).  

According to (DEDE, 2005) utilities energy management 
is necessarily required because it influences many aspects 
of company operation and activities. For the industrial 
laundry sector, utilities that require more careful 
management are generally: Water, Gas, Electricity and Oil. 

Utilities absorb a large part of corporate financial 
resources, therefore, their use requires a careful 
management. For each of these resources Authors 
established a top-level indicator that measure the 
productivity of the resource in terms of amount of 
laundry processed per unit of resource consumed. 
Furthermore the same energy requirements can be 
satisfied in different laundries by different energy systems 
that use different sources, thus Authors introduced 
another indicator, "Energetic Resources Productivity” that 
measures the amount of resources processed per unit of 
their overall energy costs. This KPI allows a 
benchmarking between different laundries with different 
energetic solutions. 
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2.2 Data Collection 

At this stage Authors identified the list of necessary of 
data collection steps in order to ensure a proper KPI 
assessment. The methodology provides a series of 
preliminary activities necessary  to set the data collection 
procedure and a set of process measurement activities 
(such as: working hours of personnel and units; holidays 
amount of textiles, etc.) necessary to allow KPIs 
calculation (a list of measurement data is on figure 3). 

Within preliminary activities (must be carried out “una 
tantum”) Authors identify: the design of data collection 
form, the first measure of machinery ideal processing time 
and the criteria for the selection of the data collectors.  

2.3 Analysis and Improvement 

In the guideline Authors provided a description of the 
process necessary for the analysis and improvement of 
each KPI, such as: 

--Method and techniques useful to highlight, for each 
KPI, both strength and improvement areas;  

--Identification and classification of the factors that can 
adversely affect the analyzed KPI, providing strong 
support to the causes identification at the basis of an KPI 
undesirable behaviour; 

--Identification and walk-through of the available methods 
proposed to act on the different causes in order to achieve 
a given improvement in system performance. 

Figure 03 shows for each indicator both which tools are 
suggested by the authors for the analysis and which 
technique may be used to improve it. 

3 Benchmarking and Dissemination in Laundry 
sector 

Benchmarking and dissemination represent the second 
phase of the project which is still in progress. At this 
moment the research group is carrying out the 
benchmarking within the associated companies and it is 
establishing a set of dissemination activities to promote 
and support the implementation of the performance 
measurement and improvement system. 

3.1.1 Benchmark 

The authors suggested a benchmark as a motivation tool 
for the companies in order to foster the implementation 
of the proposed system. In fact a benchmark can allow to 
each laundry to (R Centazzo, 2007): 

 really understand its performance in the market 
thanks to a comparison with other laundries 
regarding on the critical factors (HR, Machinery, 
Textiles & Utilities); 

 easily identify improvement area; 

 enhance its excellence area;  

 quickly start improvement process on the basis 
of the priority for the specific market. 

To be reliable the benchmark must take into account all 
the factors affect the process productivity of an industrial 
laundry. Indeed many of these, that are strictly connected 
to HR and Market demand, can change widely the overall 
productivity distorting the comparison. For example, the 
mix of the textiles depends on the market segmentation 
(restaurants, hotels, etc.) and can vary dramatically 
between laundries. Moreover it can affect the productivity 
of HR, machinery and utilities. So a specific value of these 
indicators can be a good value or not depending on the 
type of the served market. 

The steps involving the definition of the benchmarking 
tool are: Data collection and KPIs evaluation, KPIs 
analysis and development of a performance report for the 
laundry sector. 

3.1.1 Data Collection and KPIs evaluation 

The required data has been divided into mandatory data 
(to calculate the basic indicators) and optional data (to 
calculate all the other indicators of first and second level). 
In this way all laundries can participate at least to the basic 
performance benchmarking, prerequisite that allows to 
describe the Italian laundries market framework. At the 
same time it does not preclude the opportunity to gather 
more structured data useful to obtain a lot of additional 
information. 

To automate both data collection and data processing the 
authors suggested a web based tool which can reduce 
analysis time and can allow a deeper analysis (Granello & 
Wheaton, 2004). 

The required data has been organized as a questionnaire  
submitted to laundries through a web form. The single 
laundry can access on the website and complete the data 
entry form. The data entry is "guided" and error-proof. 
The data are immediately accessible and enrich the 
statistics available for the EBLI. The companies will be 
helped for the compilation of the questionnaires online. 
The University will conduct supervision and periodic 
reminders to help a quick data collection. Every company, 
after the data entry, will be able to assess its situation by 
comparing the value of the obtained KPIs to the average 
values of other laundries.   

After first benchmark results a new set of more detailed 
indicators will be developed for the improvement area in 
order to provide a more precise understanding of the 
dynamics of both business and production operations 
(Chang, 2007). 

3.1.2 Laundry sector Report 

Once concluded the data collection by all the laundries 
University will proceed with the issuance of a report 
containing a detailed analysis of the sector. 

The report will highlights emerging trends and critical 
issues of the sector providing possible future scenarios 
and possible chance for improvement, according to the 
different reached KPIs level by laundries. Moreover  the 
collection system will allow to collect and compare data in 
different moment during the years. So repeating the 



questionnaire with a predetermined frequency (e.g. 1 year) 
will allow further analysis of the indicators such as: 

 obtain useful information that allow to verify the 
effectiveness of an improvement for a laundry 
regarding a specific KPI; 

 verify the effectiveness of the process best 
practice sharing within the EBLI; 

 promote project that allows to moving forward 
the limit for laundries process optimization; 

 to verify the trends and critical emerging of the 
sector effectiveness of the Association for their 
work is readily identify trends and emerging 
critical. 

The report will also include an analysis in relation to 
discriminating factors (through cross-analysis of the 
indicators and factor capable to influence them).  

By the report results EBLI will be able to identify the 
critical area for its companies and suggest with University 
some improvement project involving them. Moreover it 
will be able to identify the best practice within the sector 
and promote it to all laundries. 

3.4 Dissemination of the proposed system 

The first step of the dissemination program was the return 
of the results of the first phase of the projects to the 
associated laundries. The guidelines describing the 
measurement and improvement system has been 
published and presented in a congress promoted by 
Assosistema.  According with the results of the congress, 
EBLI and University are developing a set of activity to 
fostering the dissemination of the system and to support 
the companies that want to implement the system. 

The main activities are: 

 University will constitute a centre of expertise 
and applied research on the laundry sector; 

 University and EBLI will define a training 
program to provide companies all the knowledge 
which is needed to implement the system and to 
apply all the proposed techniques; 

 University will support the development of 
specific professionals (graduates) that can 
support laundries in the performance 
improvement. 

All these activities aim to improve the industrial culture of 
the Italian companies of laundry sector by transferring all 
the knowledge deriving from other industrial sector. 

4. Conclusions 

The importance and the complexity of this work is closely 
related to the main actor involved in the project due to its 
different and characteristic features: EBLI. The goal to 
develop a measurement and improvement system which 
could be applicable to all industrial laundries is very 
ambitious. To reach it authors have analyzed different 
type of laundries, have caught all their peculiarities, have 

deployed a system which take them into account and 
finally have experimented the system and have 
implemented the needed adjustments. 

The result is a measurement and improvement system 
which has a general validity for the industrial laundry 
sector as recognized by EBLI. It means the possibility for 
the system to become a standard in the industrial sector 
fostering his growth. 

To reach this goal is fundamental to carefully manage the 
dissemination phase in order to ensure full 
implementation of the methods and techniques proposed 
by the largest possible number of companies. 

Many improvements and developments are still possible, 
and the results of the benchmarking will give the direction 
to follow. 

Finally, is very important to underline as the collaboration 
with companies associations such as AssoSistema allows 
University to achieve high level results that can be quickly 
spread to a large number of companies. This gives the 
University the opportunity to promote knowledge as an 
industrial growth method in a very effective way.  
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Mix Theoretical Capacity     x x       ○               ○   ○ ● ● ○   ● ○   
Mix Actual Capacity     x x       ○           ● ●   ○       ○         
Mix Practical Productive Capacity     x x       ●     ●             ●     ●     ●   
Planning factor     x x                           ○ ○   ●     ○   
Utilization factor     x x       ○           ○ ○   ○       ○         
Overall Equipment effectiveness x   x x x x x ●     ○ ○ ○ ○ ○ ● ○ ● ● ○ ○     ●   
Textile Useful life x   x x x x x     ●   ○             ○           ● 
Textile Rotation Index x   x x   x x     ●           ○         ●         
Textile among customer       x x         ●   ○                         ○ 
HR Productivity x x x x   x   ○     ○     ● ●   ●     ○           
Direct HR Yield    x x x   x   ○     ●     ● ●   ○       ○         
Indirect HR Yield   x   x   x               ● ●     ●               
Overtime impact   x x x   x   ○               ○   ○ ○ ○ ●     ○   
Electrical Productivity   x x x x x     ●     ○ ○   ○ ○   ● ○     ●     ● 
Gas Productivity   x x x x x     ●     ○ ○   ○ ○   ● ○     ●     ● 
Oil Productivity   x x x x x           ○ ○   ○ ○   ● ○     ●     ● 
Water Productivity   x x x x x           ○ ○   ○ ○   ● ○     ●     ● 
Energetic Resource Productivity   x x x x x     ●     ○ ○   ○ ○   ● ○     ●     ● 

KPI Definition Scope - Purpose 

Mix 
Theoretical  
Productive 
Capacity 

Amount of daily deliverable  textiles, for a a certain textile mix, for a planned production period, 
with the maximum use of machinery (using all the time scheduled for production with actors in 
full) in Theoretical production conditions ( then without loss of capacity due to inefficiencies that 
occur during production). It is a function of production speed and the mix of daily time in which it 
is planned to produce, called time load. 

Evaluate the theoretical machinery performance in terms of 
produced quantity of textiles, for a chosen mix, which could 
be processed every in absence of production inefficiencies. 

Mix 
Practical 
Productive 
Capacity 

Amount of daily produced textiles, with a chosen textile mix, actually processed in real conditions. 
It consider both the actual effective use of the machinery and the total amount of capacity losses 
that occur  during production. 

To evaluate the actual practical (real) performance of the 
machinery, in terms of amount of daily processed textiles for 
the chosen textile mix with actual real machinery usage 
conditions. 

Mix Actual 
Productive 
Capacity 

Amount of textiles, for a chosen mix, processed in one day using the machinery during all the 
scheduled time for production(with all HR available) but in real conditions. It take into account 
the total amount of capacity losses due to the inefficiencies that occur during the daily production .  

To evaluate the real performance of the machinery in terms 
of amount of textiles for a chosen mix that could be daily 
processed considering the total amount of capacity losses. 

Planning 
factor 

The ratio of: Production scheduled time (load time) and solar time for which is available our 
machinery. It’s expressed in percentage terms. 

Assess the proportion of machinery that the company choose 
to use only for a certain period of time (load time) within the 
entire available time period (solar time of 24 h / day). 

Utilization 
factor 

Estimating the proportion of actual productive capacity that is used. It take into account any 
reductions in capacity for the specific needs of work adjustment (such as interruptions in 
production and / or production periods at reduced speed due to the reduction in the number of 
operators ). 

The ratio between actual capacity and theoretical productive 
capacity. it is expressed in percentage terms. 

OEE Evaluate the performance of the system in terms of efficiency. The possibility to exploit the 
theoretical productive capacity, holding capacity losses due to production inefficiencies such as 
equipment failure, delays or stops unwanted, minor stoppages. 

The ratio between the practical productive capacity and 
theoretical productive capacity. It is expressed in percentage 
terms. 

Textile 
Useful life 

The textile  average useful life is the ratio (for a particular type of head and a given period of time) 
between the amount of processed textile and the amount of new textile put into production 
system in order to replenish the initial quantity which tends to decrease for various reasons 

Estimate the average useful life of own textiles in terms of 
average number of washes. 

Textile 
Rotation 
Index 

The textile rotation index is the relationship between the amount of textile processed in a given 
time period and the amount of textile supplied to customer for the same period. 

Provide an average of the number of times that a single cloth 
is processed in one month. It allows to assess the correct 
rotation of the textiles cloth and to identify abnormal 
situations such as the presence of excessive stocks. 

Textile 
among 
customer 

It is the percentage of textiles back from the client without any obvious damage or need for special 
washing. 

Assessing the correct use of textiles by the customer, 
highlighting potential abnormal uses abnormal that lead to a 
premature end of the textiles life. 

HR 
Productivity 

The relationship between the amount of processed textiles by the plant and the total hours 
of paid labor. 

The company's ability to transform the paid hours of its 
Human Resources into processed in textiles. 

Direct HR 
Yield  

It is the ratio between the total amount of textiles processed by a machinery and  the total number 
of hours worked in that machinery by direct HR for that textile production. 

Evaluate the ability to transform the 
hours worked by staff directly involved in the of the 
production process in amount of laundry processed. 

Indirect HR 
Yield 

The ratio between the hours worked by indirect HR and hours globally worked by all employees. Assess the percentage impact of  total hours 
worked by all HR 

Overtime 
impact 

It is the ratio between overtime and the total labor hours paid. It is expressed in terms of 
percentages. 

Assess the impact of overtime work in comparison with 
the total work. 

Electrical 
Productivity 

The ratio between the amount of the processed textiles by the plant in a month and the total 
consumption of electricity for the same period. 

Evaluate the ability to transform electrical energy into 
processed textile. 

Gas 

Productivity 
The ratio between the amount of the processed textiles by the plant in a month and the total 
consumption of gas for the same period. 

Evaluate the ability to transform the gas resource into 
processed textile. 

Oil 
Productivity 

The ratio between the amount of the processed textiles by the plant in a month and the total 
consumption of oil for the same period. 

Evaluate the ability to transform the oil resource into 
processed textile. 

Water 
Productivity 

The ratio between the amount of the processed textiles by the plant in a month and the total 
consumption of water for the same period. 

Evaluate the ability to transform the water resource into 
processed textile. 

Energetic 
Resource 
Productivity 

The ratio between the amount of the processed textiles by the plant in a month and the total 
consumption of all energetic resources (electricity, gas, oil and water) for the same period. 

Evaluate the ability to transform the energetic resources into 
processed textile. 

Figure 3: Key Performance Indicators, and relative tools for analysis and improvement. 

X = The tool should be used for 
KPI analysis 

○ = The technique can be used to 
improve the KPI 

●= The technique can be used to 
strongly improve the KPI 


