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Abstract   
In the last decade, Portugal was struck by a severe economical crisis where the unbalance between demand and 
supply lead to a rise in competitiveness on several economical sectors – health inclusive. Companies were obliged to 
change their management models, to upgrade processes and render resources, diminuishing costs and keeping 
product and services quality. In this context, José de Mello Saúde (JMS), leader in private health care services in 
Portugal, faces an internal process restructure in order to keep its competitive advantage. This work focuses on the 
linen hospital circuits restructure and the respective management of its clean and dirty linen on Hospital CUF Infante 
Santo’s linen warehouse – the unit selected by JMS for the elaboration of the current study. 
Through examples found on the literature, this work presents the implementation of Lean tools connected to a 
Simulation model, that answer problems related with the lack of normalization, efficiency and logistics organization 
that change the process in study. 
The solutions implemented increased motivation and cooperation amongst Linen warehouse employees, 
documentally normalized the process by the company’s hospital units, and organized working areas in such a way 
that reduced 9% of the operation time for the preparation of distribution cars with clean linen. Additionally, it was 
simulated a distribution model by floor, which reveal a possible reduction of the operation time by 40.2%, setting 
employees free for other tasks. 
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1. Introduction 
The economic crisis felt in Portugal over the last years 
opened a combination of threats and opportunities. 
To face market volatility and consumption decrease, 
companies are forced to change their management 
models, becoming more efficient and productive 
(Roman, Osinski e Erdmann, 2016).  
During the crisis, the Portuguese health sector was 
affected. In fact, the focus on management in health 
has been changing. Instead of volume, there was an 
importance shift towards results on high quality 
clinical services for lower costs (Deloitte, 2014).   
The need to increase clinical productivity, improve 
resources efficiency and user experience, forced 
health organizations to adopt methodologies not 
commonly used in the field – such as Lean (Hellström, 
Lifvergren e Quist, 2010), Simulation (Gunal, 2012) 
and Optimization (Lapierre e Ruiz, 2007). The 
application of these methodologies has been leading 
to excellent results on the hospital reality, fulfilling the 
needs previously mentioned. 

The change of focus of management in the health area 
had impact on both public and private sectors. On the 
private sector, José de Mello Saúde (JMS), leader in 
private healthcare services in Portugal, saw a growth 
opportunity on the crisis.  
Currently, JMS is improving its processes in order to 
create a robust and transversal management model 
that can be used across all units, focusing on high 
clinical quality and cost reduction. An internal analysis 
highlighted some logistic processes as critical, due to 
the lack of normalization, efficiency and organization, 
such as the linen process. Although not seen by the 
client, logistical activities of this process, dictate the 
quality of the service rendered, once they guarantee 
hygiene and safety. Therefore, during the 
restructuring process of hospital linen, the subject of 
the present work rises with the goal of implementing 
improvements on clean linen circuits on Hospital CUF 
Infante Santo (HCIS). 
The article      starts with a literature review (section 
2) approaching matters inside the operational sector 
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of healthcare with potential application on the 
current case study – such as Lean and Simulation 
tools. The case study follows (section 3), where the 
initial linen situation is briefly described and 
operational problems are identified. On section 4, the 
methodology of implementation is presented by steps 
of application according to the identified problems 
and previously presented tools that answer those 
same issues. Section 5 describes implementation 
stages while, section 6 evaluates the results obtained. 
Lastly, section 7 presents the final conclusions and 
suggests an action plan for future applications. 
 

2. Literature Review 

2.1 Hospital Logistics 
Hospitalar logistics presents itself as a gathering of 
complex and relevant operations, once a default in 
the distribution of hospitalar material can lead to 
irreparable damage for patients on the waiting line 
(Barbuscia, 2006). According to Crespo de Carvalho & 
Ramos (2009), clinical logistics is configured in two 
fronts: i) the one related to patient service and 
treatment, and ii) the one related to all processes 
connected to the support service. 
Within the support service it is possible to identify 
several logistical services, such as Pharmacy, Central 
Warehouse, Linen Warehouse and sometimes 
Laundry, Cleaning Services and Catering (Oliveira & 
Musetti, 2014). This article focuses on the clinical 
support logistics, with special focus on the Linen 
Warehouse – the support service responsible for the 
management of HCIS’s linen process. 
Linen is an essential support service to patient care, 
once it guarantees the prevention of contamination of 
infections and ensures personal and staff safety and 
hygiene (Singh et al., 2009). Furthermore, the looks 
and cleanness of linen that circulates across the 
hospital (textile and uniforms) transmits trust to 
patients, reflecting quality of the services (Singh et al., 
2009). As in a warehouse, in a Linen Warehouse there 
are three major logistic operations: storage, picking 
and distribution. These logistic operations should be 
integrated and balanced in order to satisfy the needs 
of the several hospital services, ensuring quality of the 
care provided. 
In accordance with the present paper, given the linen 
process characteristics, Lean shows a great 
application potential due to the normalization 
objectives and efficiency desired. Nonetheless, 
widening the study revision to other areas besides 
health, for example hotel management, Lean has also 
seen a vast application, as it can be concluded from 
the following recent studies: 

i. At Apex Hotels, the clothes cycle was mapped, 
involving the collection and laundry process. 
Through Lean tools, it was possible to identify 
waste and restructure the process, which 
resulted in less 5.728 working hours per year, 
better working conditions and a better client 
service(Accelerate Scottis Enterprise, 2014); 

ii. Lean tools were also applied at The Enterprise in 
order to improve their room cleaning service, 
where dirty laundry is collected and clean one is 
distributed. Thanks to these tools, inefficiencies 
were eliminated from the process (Rauch et al., 
2016).  

In sum, the Lean methodology has been widely 
applied on the demand for better clothes services on 
other contexts rather than clinical, with a number of 
successful results. In this sense, on the following 
sections the report will introduce Lean, with a special 
focus on Lean Warehouse. Once the clinical support 
service responsible for the process under analysis is 
equivalent to a warehouse, it makes sense to explore 
Lean action fields in that same context. Beyond the 
Lean tools, it will also be explored the Simulation 
methodology like a validation tool.  
 
2.2 Lean Warehousing 
Lean was born in Japan in the 70’s, in a post-war 
context. Given the low resource and intense 
competition felt on the automobile japonese market, 
Toyota Motor Corporation saw it as an obligation to 
change the production system, creating the Toyota 
Production System (TPS) (Hines, Holweg e Rich, 2004). 
TPS is an hybrid system that results from the fusion of 
Ford’s mass production tecniques and a small parcel 
production, where it was possible to increase 
operation efficiency and sort out tasks with no added 
value (Reichhart e Holweg, 2007).  
However, the Lean Thinking was only formized by 
Wolmack and Jones in 1996. This multidimensional 
approach is composed by five principles (Hicks, 2007): 
i) specify value and provide the customer with what 

he/she really needs; ii) identify the value chain in 

order to eliminate operations that do not add value; 
iii) establish flow; iv) create a pull system v) always 
look for perfection.  
A Lean oriented organization knows what the client 
values and focuses its processes in those same 
attributes, consuming the lowest amount of resources 
as possible and eliminating waste (Hines, Holweg e 
Rich, 2004; Hodge et al., 2011). Waste is connected 
with operations that do not add value and, as such, 
should be cutted off. However, in a process there may 
be operations that do not add value but are 
mandatory. In this case, these activities should be 
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simplified and those that truly add value must be 
prioritized (Monden, 1993). In sum, Lean 
implementation allows companies increased 
competitive advantage and improved their results 
through reducing time and operations cost. 
Besides its industrial origin, Lean is also difused across 
other areas like warehouses. Bearing in mind that the 
value of a warehouse resides in its ability to answer 
customers’ orders, after certain adjustments, the 
warehouse reality can be compared to the production 
context if orders are seen as product assembly.  In that 
way, Lean in a warehouse context focuses on the 
processing of orders in an efficient way, minimizing 
activities that do not add value on the reception, 
storage, picking nor distribution operation (Myerson, 
2012). In this line, Mahfouz (2011) establishes that 
Lean objectives in warehouses are to increase 
response capacity and decrease the total cost of the 
operation, while simplifying all logistic operations 
through waste elimination. In the warehouse context, 
the seven Lean wastes are (Haan et al, 2009): 

1. Overproduction – Picking unecessairy products; 
2. Waiting – After picking, products in good 

conditions wait for inspection; 
3. Transport and handling – Unnecessary transport 

of products due to ineficiente layouts and routs; 
4. Overprocessing – Unnecessary inspection or 

packaging of products; 
5. Inventory – Stock excess or obsolete stock at the 

warehouse; 
6. Motion – Unnecessary staff movements due to 

ineficiente picking routs;  
7. Defects – Handling and sending defect products. 

This way, it becames clear that in the warehouse 
context, the application of Lean processes and tools is 
a powerfull approach that leads to error reduction 
and quality improvement of logistic operations (de 
Visser, 2014).  
 
2.4 Tools  
This section contains the tools applied in the case 
study presented. 
2.4.1 Lean Tools 
1. Value Stream Mapping (VSM): This is an 

operation mapping method, where it is possible to 
visualize the path of products, services or 
information, which facilitates waste identification 
through the global vision of processes (Pinto, 
2008). 

2. Five S: Used to standardize and organize working 
spaces, it is composed by 5 steps: sort, straighten, 
shine, standardization and sustain (Crespo de 
Carvalho e Ramos, 2009).  

3. Visual Management: Through a visual system (for 
ex. using labels or marks on the ground) it ensures 
the best comprehension to employees about 
firm’s values, their tasks and client necessities, 
giving autonomy to correct abnormal situations in 
an intuitive and independent way (Tjell e Bosch-
Sijtsema, 2015). 

4. Standardization: The process of standardization 
foresees the existence of an operational 
proceedure where, facing identical situations, 
employees may act the same way. This facilitates 
error detection (Pinto, 2008). 

5. JIT and Pull System: A Just-in-Time (JIT) system is 
based on a pull strategy, where a process is only 
initiated after a client’s request. This methods 
delievers just the quantity demanded, on the 
correct site and in the shortest period of time, with 
the minimum stock (Reichhart e Holweg, 2007) 
(Cooper e Mohabeersingh, 2008). 

6. Kaizen: Means a change for the better, where 
small changes can ocurr with everyone, everyday 
and everywhere, with a positive influence on the 
organization through a continuous improvement 
culture (Graban e Swartz, 2012). 
 

2.4.1 Simulation 
Simulation is an alternative tool that validates and 
evaluated the implementation of different scenarios 
without resourcing to direct experimentation 
(Zahraee et al., 2014).   
 
2.5 Conclusions of Chapter 
Through the previous literature review, it is concluded 
that Lean tools and Simulation reveal great 
application potential to improve logistic operations in 
the Linen circuits at Hospital Cuf Infante Santo. 
 

3. Case-Study  
In this section the HCIS’s Linen is presented, along 
with its’ working dynamics. Details about the linen 
operations and circuit tasks that are in the origin of 
the clinical linen management are also given in the 
following section.   

 
3.1 Linen warehouse 
HCIS’s linen warehouse counts with a total area of 
51.76 m2 and is split into two rooms: the clean room, 
where all clean laundry is processed and storaged; 
and the dirty room, where all dirty bags are kept until 
they are taken to the laundry. 
There are five employees – one fix and four versatile. 
Due to health problems, the fix employee only 
performs tasks on the linen department, being 
responsible for chores such as small shelvinesses and 
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the preparation of bags with uniforms. The four 
versatile employees take care of the heavy work that 
implies physical strength associated with the 
management process of all linen, such as the 
transport of clean linen to the Clinical Services. These 
versatile employees work five days a week in a 
rotation scheme, from Monday to Saturday, from 
7:00am until 3:00pm, demanding fix days off on 
Wednesday and Thursday. On his turn, the fix 
employee works from Monday to Friday, from 8:00am 
until 4:00pm.  
 
3.2 Hospital Linen Management Process 
The circulating linen, clean or dirty, is classified into 
two categories: non-specific and specific linen. The 
first is controlled by kg and the second by unit and kg, 
allowing a thorough control of stock through the slip 
documents that come together with the articles on 
both circuits. 
These linen clothes have a very long life-cycle that 
only ends when the textiles do not present the 
necessary conditions to be used by patients anymore. 
The linen process is, therefore, a cyclical process 
constituted by the clean and dirty circuits (Figure 1),  
that repeats itself countless times until it is drawn out. 
 
 
 
 
 
 
 
 
 
Each task of the operation is described in detail, as 
follows: 
1.Reception Operation 
Unload: After the respective treatment and laundry, 
the clean linen reaches HCIS early every morning. The 
delivery is done by the Linen carrier. During the 
unloading, employees register manually the number 
of units of clean pieces received. 
Weighting: Employees weight all received clean linen, 
using the only weighting device available, placed on 
the dirty room. In case there are any discrepancies 
between the weight value and the manual count on 
the delivery slip sent by the laundry, a call follows in 
order to understand what happened.  

2.Storaging Operation 
Quality control: At arrival, employees check for an “X” 
marked by the laundry. This symbol means there’s a 
defect on that unit. The flaws may be stains or 
damaged pieces. If the anomalies are considered 

beyond repair and impossible to maintain in the 
circuit, those same items are destroyed. If, on the 
other hand, the anomalies are considered 
recoverable, a phone call to the laundry follows in 
order to find out what happened and the items are re-
sent for another cleaning. Items with recoverable 
anomanies are placed on an identified laundry bag 
and storaged on the dirty Linen Warehouse until the 
next laundry shipment (described further ahead, on 
the dirty laundry circuit). The items that will be 
destroyed should also be itendified and separated 
from the rest. These have two different destinies: they 
are donated to charity or accumulated in linen stock, 
to be used in constructions the hospital may need or 
as cleaning material. 
For specific linen, there’s an additional quality control. 
After the reception of these articles, it is necessary to 
check if the delivery slip that returns from the laundry 
matches the duplicate from the Linen Warehouse. In 
this step, after ensuring the conditions of the received 
articles, the condition of the slip is also checked: 
delivery completely provided or pending. If the 
correspondent piece of that delivery slip is not 
completely delivered, the missing pieces should be 
registered. When the delivery slip is closed, i. e. when 
all registered clothes on the document are received, it 
is then filed.  
Preparation: All clothes free from abnormalies are 
packed into distribution cars. 
Storage: The exceding clothes in good conditions are 
stored on the storage areas (closets and shelves) 
available in the linen Warehouse. 

 
3.Distribution Operation 
Transport (to Services): Several distribution routs 
occur until the Services’ needs are answered. Once 
there’s no predefined rout, employees carry the cars 
until Services based on their working experience, 
starting by the services with the considered most 
urgent needs. 
Reposition: Each Service has a specific place to store 
clean linen. Employees pass by those sites and check 
if it is necessary to restock any kind of article – also 
based on their working experience. All units restocked 
are registered in a document. 

Transport (to the linen Warehouse): After linen 

restock, employees return to the linen Warehouse. 
Frequently, the distribution cars return with still some 
pieces inside. 
Storage: After returning to the linen Warehouse, in 
case there’s exceeding items on the cars, these are 
again stored on the available space. 
4.Colecting Operation 

Dirty Linen Circuit 

Clean Linen Circuit 

1.Reception 2.Storage 3.Distribution

4.Colect 5.Process 6.Send

Figure 1 Logistics operations in each linen circuit. 
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Transport (to Services): There are two time slots to 
proceed to the collection: one during the afternoon 
and another in the morning, before the clean laundry 
arrives. As in the distribution, the collection also 
doesn’t follow a predefined rout, but is previously 
arranged between employees. These get their 
distribution cars and start by the services that use 
more linen. 
Colecting: All services have a dirty linen area, where 
the dirty bags are placed. There are two different 
colors that distinguish visible contaminated pieces 
(blue) and dirty linen (green). The diference to the 
normal and specific linen arises in this stage. 
Everytime a specific linen bag is closed, contaminated 
or not, a document is filled and triplified by the service 
employee, with the indication of the type of bag in 
hands. The original document is for the Service, the 
duble is for the Linen Warehouse and the third is for 
the Laundry. When employees get to the dirty area of 
each service, they place the bags on the collection car. 
Transport (to the linen Warehouse): The collection 
cars return to the linen Warehouse. 

 
5.Processing Operation  
Weight and Storage: After the dirty clothes collection, 
the bags are weighted on the dirty room. This 
weighting is done according to the service of origin of 
the bag and the result is placed on a document. As 
bags are being weighted, they are piled following their 
colour, making it easier for the Laundry. 

 
6.Sending Operation  
Collecting: Once there’s only one daily visit from the 
Laundry, the van that delievers the clean linen is the 
same as the one that carries the dirty one. Therefore, 
the dirty laundry is collected after the clean linen is 
dropped. The bags are collected by the laundry driver 
and the employees monitor the activity whilst filling a 
document, similar to a delivery slip, with the 
indication of the total quantity of dirty linen (in kg) 
that is being sent to the Laundry. This document is 
later given to the driver. 

 

4.Implementation Methodology 
On an initial fase, several visits to gemba (clean linen 
Warehouse) were held. During these visits, data was 
collected about movement quantity and operational 
timings. It was later analysed, allowing for the value 
flux’s mapping and consequent waste location in each 
linen circuit. As a decision of JMS, only transversal 
waste regarding clean linen was mentioned. The 
improvement opportunities mentioned are the 
following:  

i. Lack of coordination and motivation;  

ii. Lack of standardization of the process and 
outdated document system; 

iii. Inadequate layout and lack of identification; 
iv. Disorganization in the office area; 
v. Unnecessary linen picking; 

vi. Distribution routs with little efficiency. 
Matching these improvement opportunities with the 
tools presented on the literature review, a working 
methodology was developed, presented on Table 1.  

 
Table 1 Description of each implementation phase. 

Phase 
Improvement 
Oportunities 

Tool 

Phase 1 i. • Introdution to Kaizen 

Phase 2 ii. • Standadization 

Phase 3 
iii. 
iv. 

• Visual Management 

• 5S 

• Spaghetti Diagram 

Phase 4 

v. 

vi 
• Simulation 

 
The methodology is organized by the following 
phases: 
Phase 1: Bearing in mind the lack of coordination and 
the linen employees’ lack of motivation, the 
continuous improvement process is initiated, through 
a training session with basic notions of Lean and 
Kaizen. Employees are allowed to identify operational 
problems and suggest solutions to improve. The aim 
was to approach the negative working conditions, 
directly connected to the layout functionality, as well 
as the documents’ functionality, which constitute the 
information flux regarding the linen processes. This 
stage will have a transversal impact, this is, it will 
impact on both circuits. 
Phase 2: In this stage, the intention is to create a 
working procedure, valid in all CUF units, in order to 
standardize operations and their respective tasks, 
executed in each one of the linen’s circuits. The 
registration documents will be updated, facing the 
current working context. Naturaly, the impact of this 
stage will also be transversal. 
Phase 3: Here, the goal is to organize the office areas 
(5S), focusing on all office supplies and documents in 
a single area of the clean linen Warehouse. 
Consequently, little adjustments will be done on the 
layout of the working areas on the clean room 
(shelves and closets) and redefined new storage 
locations. Adicionaly, all missing identifications will be 
corrected (5S and Visual Management). A transversal 
impact is foreseen also for this step. 
Phase 4: This stage includes the elaboration of a 
distribution rout proposal by floor, aiming at 
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establishing a pull distribution. For this effect, firstly a 
mathematical model will be put into place. This will 
give the number of distribution cars necessary to 
restock each floor of the Clinical Services. 
Subsequently, this result will be used as a simulation 
input, where new distribution routs will be tested, 
based on the minimal timings of each movement 
between the Clinical Services and the linen 
Warehouse. This step will have an impact restricted to 
the clean linen’s circuit. 
 

5. Implementation Phase 
The four implementation phases of this paper are now 
described in greater detail. 

5.1 Phase 1 – Continuous Improvement Culture 
During the visits to gemba, it was possible to afer a 
notorious lack of motivation and coordenation of the 
versatile employees. This negative behavior of the 
employees would frequently reflect in errors during 
task execution (example: errors in the weighting 
registration). Therefore, with the goal of surpassing 
the problem and changing employees’ mindset, for 
the upcoming changing environment, a presentation 
was prepared showing the continuous improvement 
culture. The presentation lasted for about two hours 
and was similar to a Kaizen event. Together with the 
employees, the linen management process was 
analysed, and improvement measures were defined 
for the linen Warehouse areas, which will be explored 
on the next phase, to eliminate/reduce identified 
waste.  
 
5.2 Phase 2 – Consolidation of the Process 
Considering JMS’s priority goal in making the linen 
management process transversal to all clinical units, it 
was decided to firstly consolidate the process at the 
documental level, before implementing any physical 
improvements on HCIS’ linen Warehouse. Given this, 
the first step was to develop a procedure transversal 
to all clinical units, in order to standardize the circuits’ 
operations of clean and dirty linen, once until the 
moment of the present article there was no document 
of this nature at JMS. To identify operational 
resemblances and divergencies between both circuits, 
two other clinical units of JMS were visited. The visits 
done at other units’ gemba allowed to assess that on 
a macro perspective, both circuits are constituted by 
the same operations and consequently, by the same 
tasks. However, adapted to each unit’s reality, bearing 
in mind each one’s infrastructure, clinical activity, 
number of employees, amongst others. The greatest 
operational inconsistency identified were the registry 
documents used in each task. It was noted that the 

three units used different documents when carrying 
out the same activities. Therefore, the second step of 
the implementation stage was to adapt and simplify 
all registry documents connected to linen circuits. The 
third step was to integrate the registry documents on 
the operational procedure elaborated. 
 
5.3 Phase 3 – Organization of Spaces 
According to employees’ deposition, can be 
concluded that one of the main reasons for displease 
of the working conditions was the inadequacy of the 
working area itself, meaning the inadequacy of the 
layout of the clean linen working area. Given this, and 
regarding the identified problems, action took place 
on two dimentions: increase of the 
preparation/unload areas and adding the office areas. 
The layout’s physical alteration happened in parallel 
with the application of the 5S’s. The implementation 
phases were:  
✓ First, Seiri (sort) was applied. Everything that 

wasn’t daily used, didn’t add value and was just 
taking up space, was removed – for example 
discontinued uniform boxes, an obsolete sewing 
machine, disposable circulation suits, among 
others; 

✓ The second step, Seiton (straighten) consisted in 
tidiyng and storaging all documents spread across 
the office areas. Adicionally drawers with office 
supplies were also tidyed up. 

✓ Afterwards, the arquive bookcase was moved 
from its place near the sewing machine, to the wall 
behind the desk with the computer. This change 
aggregated the office area in just one place. Then, 
the distribution cars’ preparation area was 
increased due to the bookcase moving to a wall 
that was empty until the moment.  

✓ Seiso (cleaning) followed, focused only on the 
cleaning of the office areas, once the linen storage 
zone is cleaned on a regular basis. 

✓ Seiketsu (stardardisation) was applied. Resourcing 
to visual management, it was defined a proper 
storage place for the specific linen (Figure 2). To 
facilitate the arquive of slipes, the briefcases were 
marqued and underlined with fix positions (Figure 
2). 
 

 

 

 

 
Figure 2 Exemples of Visual Management application. 
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✓ Finally, together with the linen Warehouse’s 
management, the last step of the 5S’s was put into 
place – Shitsuke (sustain). The aim of the changes 
made was explained to the employees and a 
weekly cleaning was scheduled, together with 
organization moments. At this stage it was 
reinforced the need to maintain the organization 
and the openness of the working areas. For 
example, when the supplier arrives, it is necessary 
to tidy up the storage destined, to unobstruct the 
preparation area avoiding the initial situation. 

Regarding the working areas’ identification, if they are 
adequate and visible, they simplify work and facilitate 
every task. As such, it becomes necessary to improve 
the access to information about the location of each 
kind of linen. Therefore, after layout changes, it was 
defined new sites to store each type of linen, and a new 
labeling set to identify said pieces. The location change 
considered the difficulty employees show when storing 
the products. Before the implementation stage there 
were typologies that were inevitably stored in the 
wrong place. 

5.4 Phase 4 – Pull Replenishment  
The goal here is to develop an improvement proposal 
that answers the picking of unnecessaiy linen and the 
inefficiency of the distribution routs’s problems. To 
solve these problems, the idea was to create a 
distribution system by floor, with a restock based on 
a pull logic. For this matter, it was defined an 
integrated resolution methodology, that started with 
the development of a mathematical model to solve 
the picking of unecessairy linen. The optimal solution 
was introduced on the simulation model built, in such 
a way to validate if the distribution scenario by floor 
is an improvement strategy to consider, bearing in 
mind the resolution of the routs’ inefficiency. 
The following optimization model was developed, to 
calculate the volume capacity of each car and the 
demand of volume per floor: 
 
Index  
p - floor, p ∈ P 
c - car, c ∈ C  
 
Parameters 
demandp – demand of clean linen (in volume) by floor 
capacityc – capacity (in volume) by distribution car 
carc – number of distribution cars of type c available  
 
Variables 
Npc – whole variable positive that shows the number 
of type c cars necessairy to supply floor p 
 

Function Objective  
Function objective is a mathematical model that 
defines what really matters to maximize or minimize, 
according to the defined goals of the problem in 
hands.  Particulary, in this case the function that 
corresponds to the problem in study is the 
minimization of the number of cars of each type, 
needed to supply each floor of HCIS. The objective 
function (equation 1) that best fits this problem 
results from the minimum sum in p and c, of the 
variable Npc, that gives the number of type c cars 
necessary to supply floor p.  

𝑍 = 𝑚𝑖𝑛∑∑𝑁𝑝𝑐
𝑐𝑝

 

Restrictions 
Two restrictions that characterize the problem were 
defined. The equation (2) defines a volume capacity 
restriction. In this equation there is a relation 
established between the volume capacity of the 
distribution cars and demand of volume per floor, 
being the sum of the volume capacities of the three 
cars higher or equal to the volume demand per floor. 
 

∑(𝑁𝑝𝑐
𝑐

×  𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑐) ≥ 𝑑𝑒𝑚𝑎𝑛𝑑𝑝  ∀ 𝑝 ∈ 𝑃 

Regarding the equation (3), it sets a visitor restriction, 
meaning the linen stockage to a certain floor can not 
happen with two cars of the same type. There are only 
three distribution cars, one of each type. As such, 
using, for example, two cars of the same type would 
imply an increase in the number of movements and 
that would corrupt the distribution dynamic by floor, 
where it’s desired to have the distribution in just 6 
movements (once Services are spread across 6 floors 
of HCIS). Therefore, according to the quantity of linen 
delivered, it is possible to supply each floor with the 
three distribution cars available, at maximum. 

𝑁𝑝𝑐 ≤ 𝑐𝑎𝑟𝑐 ∀ 𝑝 ∈ 𝑃,  c ∈ 𝐶 

Given the model simplicity, to calculate the optimal 
solution, the excel solver was used. For this purpose, 
it was necessary to introduce all data relative to the 
defined parameters by the model. After the model 
insertion on excel, solver could respect all restrictions 
and found the optimal solution. The model suggests 
that the big distribution car should be used in all the 
floors routes, the medium car should be used in floors 
-1, 0 and 1, and finally the small car should only be 
used in floor 2. 
Given the optimal solution obtained it is concluded 
that on Monday it is possible to satisfy linen demand 

(3) 

(2) 

(1) 
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by floor with only 10 cars, therefore changing the 
distribution cars’ preparation logic from push to pull. 
After knowing the optimal number of necessary cars 
to supply each floor, the discrete model by events 
simulation took place, using SIMUL8 to simulate the 
distribution operation time by floor. The obtained 
results will be comented on the next section. 
 
5.5  Conclusions of Chapter 
In this section, the 4 implementation phases 
developed in the present article are presented. Phase 
1 describes the continuous improvement culture 
introduced on the linen Warehouse’s working 
environment, aiming at improvement 
implementation. Phase 2 explains the process 
consolidation through the standardization of the 
registration documents and the transversal operation 
procedures, with the goal of being applied to all 
clinical units at JMS. Phase 3 is dedicated to the 
implementation of 5S’s tools and the Visual 
Management of the clean linen Warehouse, where 
the working area layout was changed and new sites to 
store different types of linen were created with a new 
labeling system. 
Lastly, on phase 4 was developed a mathematical 
model that showed the minimum number of cars 
necessary to restock the clinical services of each floor. 
This input was introduced into the simulation model 
built to validate the possible improvements that the 
distribution by floor proposal caries for the 
distribution operation. 
 

6. Results Analysis 
The results analysis was concluded by examining the 
results observed during the project implementation 
phase. The next sections present the results obtained 
in each phase. 
 
6.1 Results of Phase 1 
The implementation of a continuous improvement 
culture is not instantaneous. It’s something that 
requires time and behavioral change of all parties of 
the process. On the short-run, during the 
implementation of the following stages, it was 
observed the involvement of all employees on the 
changes that took place on the gemba, that resulted 
on a general motivation increase, improving solidarity 
amongst the team – something essential to the good 
functioning of linen circuit operations. On the long-
run, this phase’s result is not measurable. However its 
success depends not only on the compromise of the 
involved parties, but also on the belief that its 
application will positively impact on the linen 
operational circuits. This phase’s goal was to 

introduce the belief that with small daily 
improvements, with everyone’s involvement and 
without resourcing to monetary investment, it’s 
possible to improve significantly the working 
conditions, facilitating employees’ rotines. 
 
6.2 Results of Phase 2 
During the development of the present article it 
wasn’t possible to quantify the obtained results with 
the normalization of the linen management process. 
However, it’s known that a transversal procedure to 
all units may ease learning and integration of a new 
employee regarding the dynamics of each operation. 
Furthermore, the document normalization will 
promote a more continuous information flux, with 
less obstructions. Besides, in case it is necessary, 
employee exchange between different clinical units is 
now possible without the efficiency of the circuits’ 
operations is endangered. Moreover, the documental 
consolidation of the linen management process at 
JMS’ hospital units may carry economic and 
environmental advantages, thanks to a reduction in 
paper used. 
 
6.3 Results of Phase 3 
Changes made at the layout level, the storage site 
redefinition for diferente types of linen and the label 
introduction allowed to reduce about 9% of the 
storage operation time. All tasks showed time 
reductions, but the most significative was minus 5.88 
minutes on the car preparation task. As a result, once 
phase 3 didn’t have an effect on more operations, it’s 
possible to conclude that changes in gemba had a 
positive impact on the reduction of Lead time of the 
clean linen circuit. This went from 289.83 minutes to 
281.78 minutes. 
Apparently, the operation reduction time doesn’t 
seem very significative. However, the feedback 
collected from the employees was quite positive. The 
organization and changes made on the clean linen 
Warehouse improved the working conditions through 
ergonomic progresses and the reduction of 
movements done by employees during storage 
operations. 
 
6.4 Results of Phase 4 
To assess the impact of the obtained results on this 
stage, the following performance indicators were 
selected: 

• Number of distribution movements; 

• Number of distribution cars used; 

• Number of employees; 

• Duration of the distribution operation in 
minutes. 
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The mathematical model shows that on Mondays it is 
possible to supply floor -2 with a big car, floors -1,0 
and 1 with the big and the average sized cars, floor 2 
with the big and small cars, and floor 3 with the big 
car. Currently, to answer the distribution dynamic in 
vigor, 13 distribution cars are necessary. In an 
alternative distribution dynamic by floor, aggregating 
the needs of all services on the same floor in a single 
request, it is only necessary to use 10 distribution cars 
to satisfy demand from the Clinical Services. This way, 
cars are prepped with a pull logic according to needs, 
instead of the currently used push strategy. This shift 
will avoid waste of overproduction (picking 
unnecessary linen) and an excessive processing 
(storing products that return to the linen Warehouse 
after a distribution rout). 
Regarding the number of employees, the simulation 
predicted three scenarios, with the number of 
employees available as the only variable. The results 
show the duration of the system for each floor’s bulk 
doesn’t show much variation. However, it’s noted that 
the occupation rate is inversely proportional to 
employee’s number, meaning that the more 
employees, the lowest occupation rate. This result 
shows it is possible to reduce the number of 
employees connected to Monday’s distribution. At 
most, it would be possible to carry out the distribution 
with only two employees. But to allow breaks 
between the distribution trips, the ideal would be to 
have three employees. 
The result of the operations’ duration indicator is the 
most surprising. According to the simulation model 
built, and focusing on the analisis of a scenario with 
three employees, it’s possible to fulfill the distribution 
operation in 94.09 minutes. Comparing this indicator 
between the current and the future situation, it’s 
possible to reduce 40.2% of the duration of the 
distribution operation – this is, less 62.47 minutes. 
Currently, the service hours of the distribution 
operation run from 9:00am until 12:00am (3 hours).  
Thanks to the distribution strategy by floor, on the 
three hours allocated to distribution, the occupation 
rate of each employee is 49.31%, meaning that 
workers are free on 51.69% of time (93.04 minutes). 
This conclusion underlindes a very important aspect 
that meets JMS’ objectives. It is possible to free an 
employee for three whole hours or three employees 
for 91.24 minutes. At setting these employees free 
from the distribution operation, JMS can allocate 
them to other clinical supporting services with a 
similar operational dynamic to linen, as the central 
warehouse or the Pharmacy, for example. 
 
 

7. Conclusions 
The case study described in this paper was 
undertaken at JMS, aiming to increase the 
effiencency, standardize and restructure the flows of 
the Hospital linen Management Process at HCIS. 
Section 6.1 noted that with the introduction of the 
continuous improvement culture on the linen setting 
would improve employee motivation and 
collaboration. Section 6.2 perspectivated results on 
the integration of new employees, or the exchange of 
employees between linen Warehouses of different 
JMS’s clinics, the environmental impact and cost 
reduction, and the linen management operation 
document standardization. On section 6.3, results are 
evaluated regarding the implementation of 5S tools 
and the Visual Management in the clean linen 
Warehouse. The layout changes, the storage of each 
type of linen’s site redefinition and the introduction of 
new identifying labels, besides improving working 
conditions at an ergonomic level, resulted in a 
decrease of 9% of time in the duration of storage 
operation – minus 8.05 minutes. Lastly, on section 6.4 
results of the changes on the distribution dynamics of 
clean linen are evaluated and discussed. The joint 
distribution of specific and non-specific linen by floor 
allows a reduction of the distribution operation in 
40.2%, this is, 62.47 minutes. Besides the operational 
time reduction, it was possible to reduce the number 
of resources allocated to this operation. In the current 
distribution situation, 10 trips are done daily, 
resourcing to 13 cars and 4 employees. However, 
taking Monday as a reference (week day selected to 
test the distribution by floor, once it’s the one with 
the highest demand for linen), it is possible to stock all 
floors in just 6 trips, by 3 employees and using only 10 
cars. In addition, and given the time reduction of this 
operation, employees can be directed to other 
functions of the clinic support services, similar to the 
linen Warehouse, such as the Pharmacy or the central 
Warehouse. 
The results obtained until the conclusion of the 
present article, the stages implemented on gemba (1, 
2 and 3) were positive. As for stage 4, the results 
showed that the adoption of a distribution by floor is 
an extremely beneficial alternative for the clean linen 
circuit at HCIS. However, it is essential to underline 
that, to carry on with the results on stages 2 and 3 and 
the possible outcomes from the distribution dynamic 
change will only be valid if the values of continuous 
improvements introduced on stage 1 prevail in the 
linen of HCIS. 
After the evaluation of the implementation stages and 
the obtained results, there are some critics to be 
made, that might serve as base for future research: 
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✓ Given that the goal was reduce the total number 
of cars used on the distribution and, consequently, 
decrease the number of trips, the mathematical 
model developed on Phase 4 did not contemplate 
the minimization of the excess capacity. This lead 
to the indication in the optimal solution to use the 
big car for all services, which implies the six 
distribution routs per floor happen sequentially. 
However, if one of the goals was to minimize 
excess capacity, it would be possible to consider 
parallel distribution routs, where the big car could 
be used for one floor and the average and small 
car for another, for example. Keeping a scenario 
with three employees, all points out to an even 
higher time reduction in the distribution 
operation. It could be interesting to explore 
simulation models for the rest of the week days 
and check for result variations. 

✓ This study did not include matters on the level of 
service of the linen Warehouse. Nevertheless, 
from the analysis undertaken, the average 
quantities of clean linen received and dirty linen 
sent, it was observed that the margin of lost 
products agreed with the laundry is not being 
respected. This matter was assessed with the linen 
manager and said situation was confirmed. As 
such, sending more linen than the one received 
may result in future stock failures, difficulting the 
response to the Clinical Services’ demand. 
Therefore, it is necessary to review the contractual 
terms agreed with the laundry and, 
simultaneously, implement an inventory 
regulation system that allows a more thorough 
control on the quantity of linen under circulation, 
for example RFID. 
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