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Abstract 

 

In recent years, the search for delivering healthcare efficiently along with accomplishing proper 

hospital functioning has increased, and hospital managers have come to acknowledge that logistics 

management can be of great value in achieving these objectives. One possible area of improvement is 

the integration of different internal distribution services in hospitals, since it has the potential to reduce 

operational costs and enhance staff efficiency. 

It is in this context that emerges the central problem of this dissertation. Hospital Beatriz Ângelo, 

which is a hospital of the National Health Service operated under a Public-Private Partnership with Luz 

Saúde Group, intends to analyse the possible coordination of medicines and consumables internal 

distribution, by studying the current status and proposing improvements for efficiency enhancement. 

The methodology developed to address this problem was Business Process Reengineering, 

whose framework entails eight distinct steps. The most important ones include, (i) current processes 

description and monitoring, (ii) identification of the processes non-value-adding activities and main 

problems, (iii) solutions proposal and documentation, and (iv) gains evaluation due to the 

implementation of the proposed redesigned processes. In this case, two distinct scenarios were 

proposed as possible solutions to the current problem. 

As a result, the two presented scenarios proved to achieve significant improvements in terms of 

resource efficiency and transportation times reduction, in the current HBA internal delivery processes. 

     

 

Keywords: Healthcare Efficiency, Hospital Internal Distribution, Business Process 

Reengineering, Coordination 
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Resumo 

 

Nos últimos anos, a crescente preocupação para prestar cuidados de saúde de forma eficiente, 

juntamente com obter um adequado funcionamento hospitalar aumentou, e, deste modo, os gestores 

hospitalares têm vindo a reconhecer que a gestão logística pode desempenhar um papel fundamental 

na obtenção destes objetivos. Uma das possíveis áreas de melhoria é a integração de diferentes 

serviços de distribuição interna nos hospitais, uma vez que tem o potencial de reduzir custos 

operacionais e aumentar a eficiência dos recursos humanos. 

É neste contexto que surge o problema central desta dissertação. O Hospital Beatriz Ângelo, 

que é um hospital do Serviço Nacional de Saúde operado sob uma Parceria Público-Privada com o 

Grupo Luz Saúde, pretende analisar a possível coordenação da distribuição interna de medicamentos 

e consumíveis, através da análise da situação atual e proposta de melhorias para aumento da 

eficiência. 

A metodologia desenvolvida para resolver este problema foi a Reengenharia de Processos, cuja 

estrutura inclui oito passos distintos. Os mais importantes incluem, (i) descrição dos processos atuais 

e sua monitorização, (ii) identificação das atividades consideradas sem valor e principais problemas, 

(iii) proposta de soluções e respetiva documentação, e (iv) avaliação de ganhos devido à 

implementação das alterações nos processos. Neste caso, dois cenários distintos foram propostos 

como possíveis soluções para o problema atual. 

Como resultado, os dois cenários mostraram que poderiam alcançar melhorias significativas nos 

processos de distribuição interna do hospital, em termos de eficiência dos recursos e redução dos 

tempos de transporte. 

 

 

Palavras-Chave: Eficiência nos Cuidados de Saúde, Distribuição Interna Hospitalar, 

Reengenharia de Processos, Coordenação 
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1. Introduction 

 

1.1. Motivation 

In the last years, it was possible to observe the aging of societies and consequently a trend to 

continuously improve healthcare, and these trends are likely to continue. These two aspects, 

contributed to the fact that the healthcare industry has currently become one of the largest branches of 

the economy of developed countries. In Portugal, the health expenditure as a percentage of the GDP 

had a value of 9.1 in 2014 (OECD, 2016). 

There is an increasing pressure to deliver healthcare in an efficient manner, and therefore a 

greater number of healthcare providers are considering material management and logistics high 

priorities in hospital management (Volland et al., 2015). Research estimates that from 30 to 46 percent 

of the hospital budget is allocated to logistic-related activities, and approximately half of the logistics 

costs in hospitals could be eliminated through efficient logistics management (Poulin, 2003, Volland et 

al., 2015, Kergosien et al., 2013). Hospitals can be characterized as complex distribution networks, and 

therefore hospital logistics has an enormous potential to improve healthcare. Rossetti et al. (2012) 

characterizes medical supply logistics as including activities such as purchasing, materials planning 

and scheduling, inventory control, distribution of medical supplies, and supporting services. Hospital 

units must be provided with different supplies, therefore hospitals contain different internal distribution 

flows from storage locations to points of care, such as pharmaceuticals, linen, tray meals, office 

supplies, cleaning, sterilization and waste (Landry & Philippe, 2004). The integration and coordination 

of different distribution services in hospitals is important since it can lead to operational costs and overall 

distribution times reduction, enhanced resource efficiency, and effective material management 

(Figueiredo, 2013). 

It is in this context that Hospital Beatriz Ângelo (HBA) wants to address the coordination of the 

transportation of medicines and consumables from the pharmacy and consumables materials 

warehouse, respectively, to the medical units (MUs). In the current situation these two internal 

distribution networks are being performed as two separate circuits by different teams of employees.  

The pharmacy hospital complex is also aiming to increase the efficiency of its employees, and thus a 

reduction in the delivery tasks of the pharmacy’s staff would permit the pharmacy assistants to perform 

other tasks needed and a reduction in the pharmacy operational costs. The problem relies on designing 

the best possible organization for transportation flow of the pharmacy and warehouse to the MUs by 

possibly gathering the two circuits, increase efficiency and preventing the need to hire new pharmacy’s 

staff. 

The hospital has been accredited by the Joint Commission International (JCI) in November 2013, 

hence the hospital management tries to improve the quality of healthcare provided in all areas, 

continuously (Hospital Beatriz Ângelo., 2016c). Hospitals, like other organisations, must develop 

strategies and make decisions to evolve so that they can keep responding to environmental changes 

and competitive challenges (Goldstein et al., 2002).  
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1.2. Objectives and Thesis Methodology 

This thesis addresses a deliverables logistic problem of HBA and aims to propose a 

comprehensive approach for redesigning the transportation flow of the pharmacy and warehouse of a 

hospital such as HBA, in order to improve these processes efficiency. To achieve this objective, the 

following stages were considered: 

 

 

Figure 1.1 – Methodology adopted in this dissertation. 

 

The first phase consists on the presentation and description of HBA and Luz Saúde Group, with 

a special focus on the pharmacy and warehouse delivery process. The problem to be analysed in this 

thesis is also identified and descripted. 

In the second stage, a literature review is conducted in order to create a theoretical basis for the 

work developed. Topics related to applications of logistics in healthcare, mainly on hospital internal 

distribution, and Business Process Reengineering are explored. 

In the third phase, an analysis of the current status is performed through direct observation and 

insights from the pharmacy and warehouse staff in order to identify the relevant human and materials 

resources, medicine and consumables delivery processes and requirements for delivery process 

reengineering. 

The fourth stage includes the results presentation, more specifically the description of the 

scenarios proposed for the reengineering of the current processes, and the identification of the changes 

required to implement the scenarios. 

In the fifth and last phase, the results obtained with the scenarios are evaluated and discussed. 

Subsequently, a consideration about the implementation of the proposed solutions is presented along 

with suggestions for future work in the sequence of this dissertation. 

 

1.3.  Thesis Outline 

The present dissertation is composed of six chapters, aligned with the objectives presented 

above: 

In this first chapter, it is presented an introduction to this thesis, namely the motivation, the 

objectives and methodology that should be followed to achieve the objectives of this dissertation. 

1. Problem 
Identification

2. Literature 
Review

3. Data 
collection 

and analysis 

4. Results 
presentation
- proposed 
scenarios 
analysis 

5. Results 
Evaluation 

and 
Discussion
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The second section comprises the case study overview, including a brief description of Luz 

Saúde (the health care group in which HBA is included), and HBA. A description of the problem is 

presented with an insight of the current status of the pharmacy and warehouse organization and delivery 

processes. 

The third chapter includes the literature review, and is divided in two different parts. The first one 

addresses some of the main applications of Operations Research and Logistics in healthcare settings, 

focusing mainly on topics related to hospital-internal distribution and scheduling. The second part 

includes an overview on holistic supply chain optimization, more specifically in Business Process 

Reengineering.  

In chapter four, the BPR methodology chosen to redesign the processes addressed in this thesis 

is presented along with the brief description of the framework steps.  

In the fifth section, the process to be redesigned is analysed following the framework defined in 

the previous chapter. A reengineering proposal with two different scenarios is provided as well as an 

analysis of the potential improvements regarding the current process. Managerial insights are provided 

in order to support HBA logistics decisions. 

Lastly, in the sixth chapter, the main conclusions and some remarks for future work are given. 
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2. Problem Description 

 

Logistics is identified as a key issue to ensure efficient operational processes in hospitals, and 

are designed to support other health care activities (Volland et al., 2015). The material delivery and 

collection from hospital services is one of the predominant topics of hospital logistics. It is important that 

the right quantity of the right supplies reach the correct destination in the hospital at the right time. There 

is a need to reduce operating costs without compromising the healthcare quality, which translates in an 

opportunity to implement operations research based methods in healthcare (Florez et al., 2008). The 

problem described in this chapter is the HBA problem, which represents a real-life case in a hospital. 

This is the thesis focus and comprehends the reorganization of two hospital flows in a hospital of Luz 

Saúde Group that is operated under the Public-Private-Partnership (PPP) program, HBA. 

 

2.1.  Luz Saúde Group 

Luz Saúde was established in 2000 and is one of the largest private health care groups in terms 

of income operating in the Portuguese market. The group achieved a net income of 21.8 million euros 

in 2015, which represents an annual rise of 20 percent in comparison to the 18.1 million of 2014. The 

consolidated operating income increased by 5.5% when compared to 2014, reaching 423.6 million 

euros (PÚBLICO, 2016). 

The group provides its services through 20 units, including eight private hospitals, a hospital of 

the national health service operated under a Public-Private Partnership program, seven private 

outpatient clinics and two senior residences, located in the North, Central and Central-South regions of 

Portugal. On February 2014, Luz Saúde became the first private company in the health sector publicly 

listed (Luz Saúde, 2016a). 

 

 

Figure 2.1 – Luz Saúde Group units. 
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2.2.  Hospital Beatriz Ângelo 

HBA is a public hospital, integrated in the National Health Service since 2012. It is the result of 

partnership contract between the Portuguese State, the SGHL - Sociedade Gestora do Hospital de 

Loures, SA, (whose main shareholder is Luz Saúde) and the HL - Sociedade Gestora do Edifício, SA. 

This partnership provides for the design, financing, construction, maintenance and management of the 

hospital by HL - Sociedade Gestora do Edifício, SA, and the delivery of health care by SGHL - 

Sociedade Gestora do Hospital de Loures, SA (Luz Saúde, 2016b). 

The hospital was fundamental in fulfilling a recognized need for healthcare services in the Lisbon 

and Tagus River Valley region. Nowadays, HBA serves a population of approximately 278,000 residents 

of the municipalities of Loures, having a 424-bed inpatient area available, 44 offices for outpatient clinic, 

and 1200 collaborators. The structure of the facility makes it possible to offer many different medical 

and surgical specialities, and was designed to provide healthcare services in the most effective and 

efficient manner possible (Hospital Beatriz Ângelo, 2016a). 

The vision of HBA is to be a reference operator in the provision of health care, the practice of a 

high-quality medicine and excellence in the coordination and integration with the various levels of care. 

The mission is to provide health care to the population of their area of influence, in the absolute respect 

for individuality and needs of patients, and based on principles of efficacy, quality and efficiency; 

contribute to the development of research and the training of professionals in their field of activity 

(Hospital Beatriz Ângelo, 2016b).  

Aiming to achieve both the hospital vision and mission, HBA tried to achieve the international 

quality accreditation by the JCI, and after a process of evaluation and audit of nearly one year, the 

hospital obtained in 2013 the accreditation, becoming the first public hospital to get this accreditation 

from JCI in such a short period of time. The international accreditation given to all clinical and non-

clinical services of HBA means that the hospital respects, at all levels, high standards of quality and 

patient safety in areas such as the control of hospital infection, drug safety, providing of medical and 

surgical care and hospital management (Hospital Beatriz Ângelo, 2016c). 

 

2.3. Problem setting  

HBA is composed of several MUs situated in different locations in the hospital complex. The 

hospital units must be supplied with different commodities such as medicines, consumables, linen and 

tray meals. Each type of commodity flow is managed independently by a specific service, resulting in 

uncoordinated delivery to the MUs. This thesis is focused on two of the internal hospital flows, more 

specifically in the design of a combined flow for the pharmacy and the warehouse. Currently, there are 

two separate teams performing the delivery at the MUs, the pharmacy and the warehouse team. Both 

delivery processes are described in detail below. 

 

2.3.1. Pharmacy and Warehouse Delivery Problem  

HBA has two different storage areas that are going to be addressed in this thesis – the pharmacy 

and the consumables’ warehouse. 
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The HBA pharmacy is located in floor -1 of HBA and has approximately 900 square meters, which 

include the large volumes warehouse and the other areas of the pharmaceutical services in which the 

medicines’ area is integrated (Farmacêutico News, 2014). The two storage areas within the pharmacy 

that are relevant for this problem are the medicines’ area and the large volumes warehouse. The large 

volumes warehouse and the medicines’ area are responsible for the storage and maintenance of the 

serums stock and medicines, respectively. The transportation of serums and medicines between the 

pharmacy and the MUs has a crucial role in the proper functioning of the hospital as these are required 

materials for the daily health practice. There are 34 MUs in the hospital where medicines and serums 

need to be delivered by the pharmacy transporters. 

Medicines and serums arrive daily during the week at the pharmacy from outside suppliers, and 

are sorted and stored in the pharmacy shelves. The materials are ordered based on their overall 

consumption by all medical services, and taking into account these data, ordered quantities are 

updated.  

Different delivery circuits exist inside the pharmacy of HBA, namely the classical morning circuit, 

responsible for the replenishment of the advanced stocks in the nurseries, and the Unit Dose circuit 

which is performed in the afternoon. The focus of this thesis is in the classical morning distribution 

circuit, since the Unit Dose distribution system is a unique methodology as the medication is provided 

by patient, according to prescription, and therefore the transportation flow has to be handled separately 

because the warehouse has no similar circuit. 

The areas of the pharmacy that play a central role in the classical morning distribution process 

are the large volume warehouse and the medicine area, as mentioned before. In this system, there are 

two types of human resources that can be considered: pharmacy assistants, which work in the medicine 

area and perform the picking of the medicines needed for the medical services; and the assistants 

which are also the transporters, these execute the picking of the large volumes, and when the picking 

of both the medicines and the large volumes is completed, they are in charge of the transportation 

through mobile cars to the correspondent MUs. The staff of the MUs is not involved in the delivery 

process, only in the inventory checking.  

The Warehouse of HBA is also situated in floor -1 and is responsible for the consumables flow, 

these include syringes, boxes of surgical material, or diapers. A warehouse team guarantees that the 

materials needed by 39 MUs are delivered and correctly stored in the designated spaces to ensure that 

the healthcare services function in the best way possible. The warehouse team size varies according 

to the warehouse needs and the month of the year. The team tasks rotate every week, and they can 

be: reception of supplies, picking and delivery to the MUs. The delivery also involves a set of robots. 

The robots perform the routes that do not have to go through doors to deliver the consumable items. 

Approximately 90 thousand of units and more than 200 different products are delivered to 10-12 

MUs daily (Biblioteca Luz Saúde, 2014). Similarly to the pharmacy, the warehouse receives products 

daily from outside suppliers, and the warehouse team is responsible for storing them in the correct 

shelves in the warehouse space. Some MUs, such as the Urgency and the Operating Room, need to 

be supplied with materials several times during the day since their consumables need is greater than 

the other Mus. 
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The objective is to redesign the pharmacy morning circuit and the warehouse morning deliveries 

as these are the ones that have similar flows and delivery sites. The deliveries made in the afternoon 

by these two services are not going to be considered in this thesis, because they vary considerably in 

terms of destination MUs, specifications and purpose, and therefore their coordination would not result 

in process improvements. 

 

2.3.1.1. Current Status 

Currently, the pharmacy and the warehouse function independently. Both the pharmacy and the 

warehouse delivery process objective is to replenish the stock levels of medicines and serums, and 

consumables, respectively, in the medical services in some predefined days. Both teams work five 

working days per week, and the delivery that is being addressed in this problem takes place in the 

morning period. This means that the scenario of the inventory control of the medical units of the system 

under consideration is a base stock policy and the inventory of each reference in the medical unit needs 

to be refilled to the given base stock level by the pharmacy and warehouse. For each medical unit, the 

list of products and respective quantities that should be in stock was established based on the daily 

demands, and these can be adjusted regarding the needs.  

The operations of the pharmacy and warehouse delivery process are assisted by informatic 

applications such as, the application available in the PDA used by the pharmaceuticals and assistants; 

the application of the vertical pharmacy carousel system that is used exclusively by the pharmacy; and 

the application used for Internal Purchases. The current situation of both delivery processes is broadly 

described below. In section 5, the pharmacy and warehouse processes are characterized 

comprehensively. 

 

Pharmacy Delivery Process 

The first phase in the pharmacy delivery process is the supply processing, which includes 

inventory checking and the picking of the medicines and serums. It is important to mention that during 

this process the assistants of the large volumes warehouse are also responsible for material reception 

from suppliers if it is necessary, and for receiving urgent medicine requisition or delivering them to any 

medical staff that comes to the pharmacy to receive it. The picking is performed by two teams, one 

responsible for the large volume and other for the medicines. 

After finalizing the picking for all the medical services of the scheduled day, and organization of 

the mobile cars, the transportation of the products to the respective medical services is performed, and 

the second phase in the pharmacy delivery process is initiated. In the MUs, the transporter(s) deliver 

the medicines and the large volumes, and store them inside the MUs in specific rooms. Also, the 

assistants collect the boxes in the service from the previous delivery, in case these are still in the 

service. After delivering the mobile cars containing the medicines and serums to the MUs, the pharmacy 

assistants return to the pharmacy. 

The transportation of the pharmacy products is performed based on the transporters experience, 

and no routes or indication of the sequence of the MUs to be visited is pre-established. The number of 

transporters needed to perform each of the routes is also not defined. In Figure 2.2 a simple fluxogram 
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of the pharmacy delivery process is presented for better understanding of the overall process and its 

main activities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 – Pharmacy delivery process fluxogram, displaying the main stages of the process. 

 

Warehouse delivery process 

 

Regarding the warehouse delivery process, in the first phase, the picking of the items consumed 

in the medical services is done in the same way as in the pharmacy. Then, the prepared material for 

each MU is placed in the area defined for shipment.  

In the second phase, the items’ transportation for the respective MUs is conducted. This activity 

can either be performed by warehouse assistants or the set of robots available, depending on the MUs 

to be supplied. If the assistants are the ones carrying out the transportation, they consult the map scales 

affixed in the warehouse to know whether the material should be delivered and stored by the team in 

the advanced warehouses, or whether the storage should be performed by a service responsible. The 

collection of pallets and empty boxes from the last delivery should also be executed. 

In Figure 2.3 a simple fluxogram of the warehouse delivery process is presented for better 

understanding of the overall process and its main activities. 

 

 

 

 

 

 

 

 

Figure 2.3 – Warehouse delivery process fluxogram, displaying the main stages of the process. 
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For each MU the days of the delivery have been set and are established in the schedules of both 

the pharmacy and the warehouse. 

Each phase of the two different flows requires time. In the first phase, the picking or processing 

time is the time required by the pharmaceuticals and assistants to perform the picking of the MUs’ items 

scheduled for the day. In the second phase, two different processes require time – the first one is the 

transportation time, which is the time taken by the transporters to travel between the pharmacy or 

warehouse and the MUs, the other relates to the time spent in each MU delivering and storing the items 

transported in the appropriate areas, and the collection of empty boxes if they exist. In summary, we 

have three different times important to both flows delivery process: picking time, transportation time, 

and delivery time. 

 

2.4. Chapter Conclusions 

In this chapter Luz Sáude Group and HBA were characterized and the pharmacy and warehouse 

delivery problem, which is the focus of this thesis, was comprehensively descripted. 

Within hospitals different commodities’ flows exist, since several MUs need to be supplied with a 

variety of items such as medicines and consumables. Currently most hospitals manage these flows 

independently leading to uncoordinated deliveries to the MUs.    

Luz Saúde Group is growing and is committed to achieve high standards of quality, innovation, 

and service excellence. HBA is the PPP of Luz Saúde Group and the hospital obtained in 2013 the JCI 

accreditation, and thus has a mission to continuously improve in all processes needing a demanding 

and effective management approach (Caldas, 2012). It is in this context that the present thesis is 

inserted. The focus is on two HBA’s internal hospital flows, the pharmacy and the warehouse, with the 

objective of redesigning them. Therefore, the current status of both flows was broadly analysed in this 

chapter. 

In the next chapter a literature review containing topics related to logistics in healthcare settings, 

more specifically on hospital-internal distribution processes is presented. Also, the concept Business 

Process Reengineering is explored in detail.
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3. Literature review 

 

The present thesis is related with a real-life transportation problem in a hospital, and therefore in 

section 3.1 it is presented the main applications of logistics management in healthcare settings, focusing 

mainly on topics related to hospital-internal distribution. Section 3.2 includes an overview of a holistic 

supply chain optimization, more specifically in Business Process Reengineering (BPR), and some 

applications of BPR in healthcare. And, in the last section some conclusions of the literature review are 

presented, as well as the applicability of these approaches to the problem studied in this thesis. 

 

3.1. Logistics in Healthcare Settings 

Supply chain management has become progressively more important in recent years. In today’s 

intensively competitive global market, effective supply chain management is essential for improving 

organizational performance and competitive advantage. Organizations seek efficient operations, such 

as value-added process improvement, delivery costs reduction, and greater quality of their services and 

products (Lee et al., 2011). Due to the critical role supply chains play in healthcare settings, they have 

been the focus of many researchers (Kumar et al., 2008).  

The Council of Supply Chain Management Professionals defines SCM as encompassing “the 

planning and management of all activities involved in sourcing and procurement, conversion, and all 

logistics management activities. Importantly, it also includes coordination and collaboration with channel 

partners, which can be suppliers, intermediaries, third party service providers, and customers. In 

essence, supply chain management integrates supply and demand management within and across 

companies”, and logistics management as “that part of supply chain management that plans, 

implements, and controls the efficient, effective forward and reverses flow and storage of goods, 

services and related information between the point of origin and the point of consumption in order to 

meet customers' requirements” (CSCMP, 2016). Logistics management typically comprises several 

activities such as inbound and outbound transportation management, fleet management, warehousing, 

materials handling, logistics networks design, inventory management and supply planning (CSCMP, 

2016). 

In healthcare settings, supply chain management is more complex than in other industries 

because patient needs must be met accurately through adequate medical supply (Hani et al., 2013). 

Medical supply materials management is essential in guaranteeing the safety, availability, and 

affordability of supplies. It is important that the right supplies arrive to the right places at the right time. 

Besides ensuring that the right products are distributed, materials management must ensure that the 

items are stored and controlled properly (Rossetti et al., 2012). Accordingly, hospital-internal distribution 

is one of the factors to consider in the process of improving care production. Hospital-internal 

distribution entails mainly routing and scheduling problems of products within the hospital facilities, 

typically from a central warehouse location to the respective MUs (Volland et al., 2015). 

Hospital logistics optimization has significant potential to solve problems within the healthcare 

sector, and therefore this area has been growing and becoming more relevant. Optimization of material 

flow within hospitals can bring significant cost reduction (Volland et al., 2015, Figueiredo, 2013). 
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Although healthcare facilities are a relatively recent topic for transportation and logistics problems, 

several studies exist on this field, some of the most relevant are analysed below. 

The pharmacy delivery process is explored by Augusto & Xie (2009), Michelon et al. (1994) and 

Yurtkuran & Emel (2008). Augusto & Xie (2009) addressed a hospital pharmacy transportation problem, 

which consisted in the creation of a transportation and supply plan for each day of the week ensuring 

balance workloads for transporters and assistants, as well as availability of medicines in each medical 

service. In this study, pharmacy delivery is performed using a mobile medicine closet that is conveyed 

each week to the central pharmacy for restocking. The problem was solved using a mixed-integer linear 

programming (MILP) approach to determine a near optimal schedule, which was then combined with a 

simulation model to redesign the delivery process of the pharmacy. In Michelon et al. (1994), the authors 

compare two delivery systems. The hospital current distribution system uses twin trolleys and non-twin 

trolleys. Twin trolleys contain most of the regularly distributed supplies and are doubled, one trolley is 

in the MU and the twin is in the central inventory location and they are regularly exchanged. The problem 

relied on assessing if it is beneficial to increase the number of non-twin trolleys using a tabu search 

method. The results indicated that the new system was better than the current system with the exception 

of weekend days. Yurtkuran & Emel (2008) developed a simulation model based on data collected from 

a hospital in Turkey, in order to analyse its pharmacy delivery system. Two different scenarios with 

varying factors are investigated, with the objective to minimize the drug delivery time to patients. The 

best option from the scenarios shows a reduction of 36 percent in the turnaround time of the orders.  

Another area is the distribution of dirty linen (Florez et al., 2008) and clean linen (Banerjea-

Brodeur et al., 1998). In the first article, Florez et al. (2008) uses a MILP model to find an optimal routing 

design for dirty linen collection in one of Bogotá’s public hospital under the constraints of resource 

availability and hygiene conditions. A reduction of 31% in the total distance travelled when comparing 

it with the current routing design was achieved. The second article presents a linen delivery problem in 

a large public hospital in Montreal. Banerjea-Brodeur et al. (1998) considers the problem to be a periodic 

vehicle routing problem (PVRP), and solves it by means of a tabu search algorithm in order to optimize 

the quantities of linen to be delivered and the delivery schedule and routes. Benefits from this study 

include time savings of more than 25% and smoother operations. 

The flow of sterile items is also addressed in the internal-distribution literature.  In Rais & Viana 

(2011), a case related to the flow of sterile instruments between sterilization departments and operating 

theatres is presented. The optimization of this flow was addressed by developing a cost minimisation 

model involving transportation and inventory. The authors showed that up to 20% cost reduction is 

possible. 

Kergosien et al. (2013) addresses a transportation problem of various supplies in a hospital 

complex of Tours. The problem consists in a two level vehicle routing problem. The first is related with 

the routing problem of a fleet of vehicles distributing supplies to several hospital units. The second level 

regards the routing of the warehouse employees between the central depot and the building of the 

hospital complex. The authors have proposed a genetic algorithm and tabu search to solve the first 

level of the problem. For the second level, the authors proposed an algorithm that simulates the 

warehouse staff’s behaviour to create the employees’ routes.  
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3.2. Holistic Supply Chain Management 

Holistic supply chain management is related to the use of more qualitative approaches to optimize 

supply chains (Volland et al., 2015). Organizational sustainability depends on innovation, and thus 

supply chain innovation is regarded as a critical success factor for organizational performance in 

healthcare settings. Supply chain innovation is related to tools that can improve organizational 

processes and lead to the creation of new operational strategies or development of flexibility to deal 

with emerging changes in the business environment (Lee et al., 2011). Process innovation can respond 

to the necessity for better coordination and management of functional interdependencies (Davenport, 

1993). 

To thrive and maintain sustainable competitive advantage, hospitals need to evolve and improve 

their processes. Business process reengineering (BPR) is one of the techniques that has the ability to 

improve clinical process and ensure operational improvement (Khodambashi, 2013). BPR in healthcare 

is associated with the assessment and redesign of logistic processes and the organization of the 

hospitals’ logistic function (Volland et al., 2015).   

 

3.2.1. Business Process Reengineering 

To understand BPR, it is important to first know the meaning of process, business process and 

reengineering separately (Khodambashi, 2013).  

A process can be defined as "a structured, measured set of activities designed to produce a 

specified output for a particular customer or market. It implies on a strong emphasis how work is done 

within an organization" (Davenport, 1993, Khodambashi, 2013). Business process is defined as "a set 

of logically related tasks performed to achieve a defined business outcome" (Davenport & Short, 1990, 

Khodambashi, 2013). The concept reengineering denotes “the fundamental rethinking and radical 

redesign of business processes to achieve dramatic improvements in critical, contemporary measures 

of performance, such as cost, quality, service and speed” (Hammer & Champy, 1993, Chen, 2001, 

Mohapatra, 2013). 

Thus, BPR involves analyzing how business processes are currently operating, how to redesign 

these processes in order to eliminate wastes and improve efficiency, and how the process changes 

should be implement to gain competitive advantage (Chen, 2001). In Khodambashi (2013), BPR is 

viewed as a “management approach that rethinks present practices and processes in business and its 

interactions. It attempts to improve underlying process efficiency by applying fundamental and radical 

approaches by either modifying or eliminating non-value adding activities and redeveloping the process, 

structure, culture”. 

A BPR reengineering cycle can be described as follows and is represented in Figure 3.1: first the 

processes are identified and decomposed into activities. The mapped process is described as the “as-

is process”. In the next phase, a thorough and in-depth “as-is” analysis should be performed, including 

the identification of all non-value added activities and bottlenecks. Once this is achieved, the processes 

can be identified for update or review. Afterward, a “to-be” analysis is done and designed. 

Benchmarking is important in this step of the cycle, since it can help to compare the performance of the 
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organization’s process. Once the “to-be” process is completed, the reengineering process is 

implemented and tested for continuous improvement (Mohapatra, 2013, Khodambashi, 2013). 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 – Business Process Reengineering Cycle, adapted from Mohapatra (2013). 

 

3.2.1.1. BPR Methods and Framework  

There is no single technique, methodology or framework that can be defined as the only approach 

in BPR. In literature several researchers use different methodologies, however they all share the fact 

that BPR is divided into a series of sequential and discrete phases (Caldas, 2012, O'Neill & Sohal, 

1999). 

A very basic framework is shown in Figure 3.2, which is based on two frameworks presented on 

literature, Mohapatra (2013) and Fitzgerald & Murphy (1996). Depending on the organization and the 

requirements of the problem, steps can be either skipped or added. 

Develop the business vision and objective is necessary in order to ensure the organization critical 

success factors. The achievement of the business vision may include the reengineering of more than 

one process. And therefore, at the end of this step the key processes to be reengineered should be 

identified. There is a variety of logistics areas that can be considered for redesign such as handling of 

materials, packaging or transportation (Mohapatra, 2013). 

The next phase is the understanding and measuring of the existing processes. In order to 

understand the current processes that must be reengineered, a diagram or a flowchart of the existing 

processes should be designed for analyzing the different activities involved. To measure the current 

processes three major process measurements can be used, effectiveness, efficiency and adaptability. 

Effectiveness is the extent to which the outputs of the process at each stage meet the needs and 

expectations. Efficiency measures the extent to which the resources have been utilized and waste has 

been reduced. And, adaptability is the extent of flexibility that processes have to adapt to future changes 

(Mohapatra, 2013). 

In the fourth step, design a prototype of the new processes, the non-value-adding activities 

identified in the previous step should be eliminated or improved. Also, additional changes that may 

improve the process performance, reduce time and costs should be analyzed. The main purpose is to 

create a new improved process. After this, the actions needed to move to the new process must be 

detailed and prioritized (Caldas, 2012, Fitzgerald & Murphy, 1996). 



14 
 

The last step of this framework includes a gains evaluation in which the reengineered process is 

evaluated against the earlier design. The gains from the suggested changes should be assessed. The 

action plan which identifies the actions required and who is responsible for them should be 

implemented. The plan should also contain possible barriers to the implementation of the new process, 

and preventing steps to remove them (Caldas, 2012, Fitzgerald & Murphy, 1996).     

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 – Business Process Reengineering methodology, adapted from Mohapatra (2013) and 

Fitzgerald & Murphy (1996). 

 

3.2.1.2. BPR Applications in Healthcare 

Currently, healthcare organizations are facing several challenges related to the pressures to 

provide services in an efficient manner, achieve strategic and operational success, and improve their 

business processes. And therefore, a way of achieving a dramatic change in the business processes 

that will bring total efficiency is BPR (Musa & Othman, 2016). Some researchers have studied the 

applications of BPR in healthcare. 

Patient flows and processes are widely studied in the literature using BRP methodology. Jansen-

Vullers & Reijers (2005) investigated the application of colored petri nets in a redesign approach. The 

BPR was performed in a mental healthcare institute, whose objective was to improve the patients’ intake 

process, namely a reduction of both flow and service time. Chou et al. (2012) studied an outpatient 

pharmacy using analytical tools of process reengineering. The reengineering process led to a reduction 

in outpatients’ waiting time and improved the quality and competitiveness of the hospital. In Chu & 

Huang (2013) the reengineering of an outpatient billing process is studied. In the current system, 

traditional cash billing services are in use, and the aim of this study was to examine a new billing 



15 
 

process, which consisted in using smartcard billing. The results showed that the patient waiting time 

was reduced by at least 8 minutes and this service is more convenient for patients. 

Other area of application of BPR is the introduction of radio-frequency identification (RFID) in 

hospital processes. Kumar & Rahman (2014) demonstrates an application of the RFID-enabled process 

reengineering in sustainable healthcare system design. A case study in the linens division of a central 

sterilization services department at a hospital in Singapore is presented. The reengineered process 

was capable of increasing productivity since the utilization of the staff is much more efficient, and cost 

reduction. Caldas (2012) studied the introduction of RFID technology in a patient’s food chain in a 

hospital using BPR. The reengineered process would result in cost and time reduction of the food flow. 

Also, Bertolini et al.(2011) investigated the application of BPR in a surgical ward in a hospital in 

order to improve efficiency of the ward. BPR tools were used to enhance the analysis and identify areas 

for improvement.  

BPR has been used in healthcare settings over decades, and possesses the potential to improve 

efficiency, through reduced cycle time, operational cost and increase quality and flexibility of care 

delivery (Khodambashi, 2013). 

 

3.2.1.3. BPR limitations 

 Although BPR is a popular concept and several situations of successful reengineered processes, 

some limitations of BPR application in healthcare have been reported in the literature. Thorough 

planning, evaluation and management of BPR projects have a direct influence in the project’s success 

(Khodambashi, 2013). 

According to Al-Mashari & Zairi (1999), different factors are related to BPR failure. Some of them 

are organisational resistance, lack of organisational readiness to change, problems related to creating 

a culture for change, commitment, support and leadership, and lack of training and education.  

The focus of BPR projects is process redesign techniques, and important and complex issues 

such as human and organizational are not acknowledged. This leads to BPR failure since the human 

element is neglected. The approach takes too much account on drastic changes and fails to consider 

such change through people (Chen, 2001). According to Chen (2001), Corrigan describes this situation: 

“many researchers have highlighted the lack of attention given by BPR to the human dimensions of 

organizing, emphasising how employees, not just processes must be reengineered”. 

As mentioned above, other factor that is considered a barrier to the success of BPR is resistance 

to change. BPR is considered a top-down approach, which leads to staff resistance because there is a 

lack of employee involvement in planning and change management (Patwardhan & Patwardhan, 2008). 

Employees involvement in the process is necessary, otherwise negative reactions to change might 

occur since the project is not well understood and causes employee demotivation. Changes need time 

to be accepted and developed in all levels in healthcare settings (Khodambashi, 2013). For some 

employees BPR is perceived as a threat to the quality and content of their jobs and the need for change 

is not realized (Chen, 2001). 

BPR is considered a top-down approach, which leads to staff resistance because there is a lack 

of employee involvement in planning and change management. 
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3.3. Chapter Conclusions 

 

The literature review conducted allowed for the characterization of several aspects relevant for 

the HBA problem. This chapter is divided in two main sections: (i) Logistics in healthcare settings, with 

a special focus on hospital internal transportation; and (ii) Holistic supply chain management, in which 

BPR is the central topic addressed.   

In the first section, an overview of how logistics can be applied in healthcare settings and 

contribute to improve processes operational efficiency is provided.  Nowadays, companies need to 

remain competitive and economically feasible, and therefore some changes in internal processes might 

be needed for organizations to achieve efficient operations. 

With this in mind, BPR is a holistic tool that has the power to improve organizations’ performance 

by increasing processes efficiency and efficacy. BPR has been used in healthcare settings for decades, 

and can lead to improved efficiency. Therefore, BPR is the main topic of the second part of this literature 

review chapter, since this dissertation explores the possibility of improving and redesigning an internal 

process in HBA. Also, bearing in mind that the objective is to find a feasible solution for HBA real-life 

delivery problem, BPR is an appropriate methodology, which possesses a great applicability in real-life 

situations.  

In the next chapter the BPR methodology chosen to solve HBA delivery problem is presented 

and the framework steps are clarified and described briefly.  
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4. Methodology 

 

In this chapter the methodology selected to solve the problem under study in this thesis is 

introduced. In the first section the reasoning behind the choice of the framework is presented, and in 

the second section a diagram of the suggested framework for the HBA’s process reengineering is 

provided, together with the explanation and description of the framework steps. In the last section, some 

chapter conclusions are presented. 

 

4.1. Methodology Choice 

As mentioned in chapter 3, there is no single methodology or framework that can be defined as 

the only approach in BPR. The methodology used is dependent on the process under study, and these 

can use a variety of different tools (Caldas, 2012, O'Neill & Sohal, 1999). 

A basic framework was also presented in chapter 3, which was based on two frameworks 

presented on literature, Mohapatra (2013) and Fitzgerald & Murphy (1996). The framework chosen for 

this thesis is a combination of this basic framework with some extra steps proposed by Grover & 

Malhotra (1997) and Rohleder & Silver (1997), which makes the framework more comprehensive and 

detailed. A similar framework was used by Caldas (2012). The framework and steps included in it were 

adapted to the specificity of the problem of this thesis and the time frame available to develop this 

project. 

 

4.2. BPR Framework      

The framework chosen is composed of eight different steps, and is adapted from Mohapatra 

(2013), Fitzgerald & Murphy (1996), Grover & Malhotra (1997) and Rohleder & Silver (1997), as 

aforementioned. Steps 1, 2, 3 and 8 belong to the basic framework based on Mohapatra (2013) and 

Fitzgerald & Murphy (1996). However, these steps are also included in the other two frameworks. Steps 

4 and 5 are present in Rohleder & Silver (1997) and steps 5, 6 and 7 are present in Grover & Malhotra 

(1997). Figure 4.1 provides a schematic of the suggested framework, and a brief description of the 

steps is given. 

Step 1 - Develop the business vision and objective 

This step begins with the development of a business consensus on the importance of 

reengineering and the relationship between breakthrough business goals and reengineering projects. 

Since BPR projects typically involve cross-functional cooperation and drastic changes to the status quo, 

the planning of a clear objective is essential for the success of the project (Grover & Malhotra, 1997). 

In this step the key activities to be considered are evaluating the organization and environment, 

recognizing the needs and setting the reengineering goals (Grover & Malhotra, 1997).   

 

Step 2 – Select the processes to be reengineered 

Having defined the company’s business vision and objectives, the processes that need to be 

redesigned are identified in this step (Mohapatra, 2013). 
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Figure 4.1 – Process Reengineering Framework chosen to solve the problem under study in this thesis. 

Adapted from Mohapatra (2013), Fitzgerald & Murphy (1996), Grover & Malhotra (1997) and Rohleder & 

Silver (1997). 

 

Step 3 – Understand and measure the current processes 

In this step, the focus is the identification of the current process elements, including the 

organization, systems, information flows, etc related to the process in hand (Grover & Malhotra, 1997). 

As mentioned in chapter 3, a diagram or a flowchart of the existing processes should be designed to 

facilitate the analysis of the activities and elements that are included in the processes. For each step, 

the type of activity, activity description, time, human resources, and other relevant dimensions should 

be identified (Caldas, 2012).  

The key activities of this step are the modelling of the processes by identifying the activities, and 

mapping the organization and resources. Additionally, the performance of the current process should 

be measured (Grover & Malhotra, 1997).   
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Step 4 – Streamlining – Removal of non-value-adding activities and problems 

identification 

This step includes the identification of as many non-value-adding activities as possible. The 

process flowchart from the previous step should be carefully analysed to identify wasteful activities. The 

primary targets for removal are physical movement / transport, delay, storage, and inspection / 

measurement. One technique that can help in identifying problem areas is the value-added analysis. It 

is possible to identify those non-value-adding activities that contribute substantially to the total cost 

incurred or to the total cycle time (Rohleder & Silver, 1997). Also, the cause-and-effect analysis is a 

commonly used approach to problem resolution. The steps normally include (i) generating as many 

potential causes to the problem as possible, (ii) combining similar causes, (iii) identifying the most 

important / probable cause(s) (iv) searching more deeply for discover the root causes, (v) verifying that 

one or more of the causes indeed is responsible for the problem, and (iv) selecting actions or 

countermeasures that remove these causes, hence resolving the problem (Rohleder & Silver, 1997).    

Identifying the non-value-adding activities and inferring their causes by analysing the process 

modelled in the previous step is the key activity of this stage. 

 

Step 5 – Creation – Process innovation 

In this stage, a new process should be envisioned along with the alterations required to achieve 

the desired changes in performance.  

Alternatives to the current processes and the elimination and/or improvement of the non-value-

adding activities are identified (Grover & Malhotra, 1997). After process improvement through 

streamlining and resolving special and particular causes, the processes may require further changes 

that cannot be easily identified. Typically, it is a difficult task to find changes that will improve the 

fundamental performance of the process. The purpose is to create the “ideal” process, without the 

trappings and biases of the current processes (Rohleder & Silver, 1997). 

Rohleder & Silver (1997) emphasises that is important to have a complete a thorough 

understanding of the processes and making initial improvements, but nonetheless innovation may still 

be necessary. Simulation is a common technique that plays a major role in modelling and analysing 

processes, and can be used to evaluate the different innovation alternatives using a “what-if” approach. 

 

Step 6 – Technical Design 

In this step, after the redesigned process has been projected, the technical design changes need 

to be documented. Technical design entails descriptions of procedures, systems and controls employed 

in the redesigned process. Plans for facilities enhancement, conversion and / or deployment are 

projected (Grover & Malhotra, 1997).  

 

Step 7 – Social Design 

According to Grover & Malhotra (1997), the technical design cannot be accomplished without 

considering the people dimension of the reengineering process. The social design incorporates the 
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definition of the human resources that will be needed for the reengineered processes, and how the 

social elements will affect the technical elements.  

 

Step 8 – Gains evaluation and execute plan to accomplish actions 

The last step of the chosen methodology includes a gains evaluation in which the reengineered 

process is evaluated against the earlier design, as mentioned in the basic framework presented in 

chapter 3. The gains from the suggested changes are assessed (Caldas, 2012, Fitzgerald & Murphy, 

1996). 

The action or implementation plan should identify the actions required, why (for example to 

eliminate a root cause), when, and who is responsible for the action. The plan should also contain 

potential problems and obstacles to implementation and preventing steps to remove them (Rohleder & 

Silver, 1997, Caldas, 2012, Fitzgerald & Murphy, 1996).  

 

 

4.3. Chapter Conclusions 

In this chapter, the BPR framework chosen for the HBA’s delivery problem addressed in this 

thesis is presented. The framework was adapted from the basic framework presented in the previous 

chapter, with the addition of some extra steps to take into account the specificity of the problem under 

study. The framework is composed of eight sequential steps that culminate in the reengineering of the 

processes.  

In the next chapter, this framework is applied to the delivery processes of HBA’s pharmacy and 

warehouse. 
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5. HBA’s Pharmacy and Warehouse Delivery Process Redesign 

 

In this fifth section, the process to be redesigned is analysed following the framework defined in 

the previous chapter. The reengineering proposal with the alterations to the current process and 

different innovative scenarios is provided along with an analysis of the potential improvements regarding 

the current process. 

 

5.1. Step 1 - Develop the business vision and objective 

The Corporative Director of Luz Saúde Group and HBA’s Head of Pharmacy Department was 

the one proposing this project since she believes that the coordination of the transportation of 

deliverables to the MUs can lead to overall distribution times reduction and enhanced resource 

efficiency. At the kick-off meeting of this project, she emphasized that this last is particularly important 

for the pharmacy since a possible improvement of the efficiency of the pharmacy’s human resources, 

would result in the employees being available to perform other needed tasks. 

Therefore, a clear vision and objective for the pharmacy transportation process was set in this 

meeting – overall distribution times reduction and enhanced resource efficiency, which should lead to 

a reduction in the operational costs. 

This BPR project involves cross-functional cooperation and changes to the current processes, 

and therefore, a member of the Direction of Organization and Processes, the Innovation Project 

Manager, is a key element that is involved in this project, providing all the support and guidance needed. 

 

5.2. Step 2 – Select the processes to be reengineered 

Having defined a clear vision and objective, the processes to be reengineered are selected in 

this phase.  

The Corporative Director of Luz Saúde Group and HBA’s Head of Pharmacy considered the 

processes that could be redesigned and selected the pharmacy and warehouse delivery process to the 

MUs. The fact that these two processes have similar circuits, timetables and delivery sites, and depots 

situated proximate in the hospital facility were crucial in this decision. The delivery circuit chosen to be 

reengineered is the morning circuit since this is the one that has similar specifications in both the 

pharmacy and the warehouse, and therefore these two distributions networks have a high potential for 

reengineering and success in achieving the objectives defined in the first step. 

Since the pharmacy and warehouse delivery processes are the focus of this BPR project, two 

HBA staff members from the pharmacy and warehouse are identified to participate in this project, 

providing support and guidance during process observations. Also, it is important to develop a business 

consensus on the importance of the reengineering project so having HBA staff contributing to it has a 

crucial impact in the success of implementing the solution originated from the project. 
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5.3. Step 3 -  Understand and measure the current processes 

The description of the current processes was already performed in chapter 2, however in this 

chapter the existing processes are analysed in depth using an extensive flowchart to facilitate the 

analysis of the different activities and elements. 

Both processes’ objective – the pharmacy and warehouse – is to deliver the right supplies to the 

right places at the right time. This correct functioning and management is fundamental since patients’ 

needs must be met accurately in order to ensure patients’ are treated with high standards of quality.   

Since there are two current processes to analyse and understand, and to simplify the 

understanding of the processes, the pharmacy delivery circuit will be addressed first, and subsequently 

the warehouse delivery circuit is explored. 

 

5.3.1. Pharmacy delivery circuit 

The pharmacy delivery morning process lasts approximately from 9.30am to 1pm, five days a 

week. As mentioned in chapter 2, the pharmacy staff is constituted of assistants and pharmacy 

technicians, responsible for the large volumes picking and items delivery to the MUs, and the medicine 

picking, respectively. There is no weekly schedule with the number of human resources needed for 

each of the tasks, but, normally, the pharmacy assistants’ team size varies between 2 and 5, and the 

pharmacy technicians between 3 and 5, depending on the pharmacy needs and the time of the year. In 

the time window of the pharmacy delivery circuit there is only one shift of the pharmacy staff. 

For each day, the pharmacy has a predefined and stable timetable that contains the MUs that 

should be supplied in each day for orientation of the pharmacy staff. The timetable is presented in Table 

5.1, and has no time associated with each MU to be supplied. 

 

Table 5.1 – HBA’s Pharmacy delivery schedule for the 5 days of a week. 

 

 

However, to have a better understanding of the process and the same information already 

available in the warehouse circuit, for a week the demands of each MU were measured in terms of 

PHARMACY DELIVERY SCHEDULE 

MON TUE WED THU FRI 

URGÊNCIA URGÊNCIA URGÊNCIA URGÊNCIA URGÊNCIA 

MED 4.2 UCI E UCINT MED 4.3 BLOCO CENTRAL IMAGIOLOGIA 

CE OBST/GINEC URG PEDIÁTRICA INFECCIOLOGIA MED 3.4 MFR 

BLOCO CENTRAL MED. 3.2 NEONATOLOGIA MED 4.1 E CIRC. 2.3 UCI E UCINT 

MED NUCLEAR CIR. 2.1 E 2.2 ESTERILIZAÇÃO PEDIATRIA 2.4 
OBSTETRÍCIA 

(INTERNAMENTO) 

MED 3.3 E CE 2/3/4 BLOCO DE PARTOS 
ANATOMIA 

PATOLÓGICA 
PSIQUIATRIA 

 

HDC 

 
 
 
 
 

HDM - ONCOLOGIA 
PSIQUIATRIA 

HOSPITAL DE DIA 

 

HDM - DIÁLISE BLOCO DE PARTOS 

CE PEDIATRIA 

 UNIDADE DE DOR 

MED 3.1 
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fractions of mobile cars (large mobile cars, small mobile cars, pallets or shelves cars), the human 

resources needed for each route, the route used, the delivery and transportation time, and also the 

times in which the assistants leave the pharmacy to transport the mobile cars to the MUs. In Appendix 

I, the delivery map obtained by the observation of the pharmacy delivery circuit in the week in study. 

Since the MUs had different designations in the warehouse and pharmacy circuit, a standardization of 

the nomenclature was performed, and the names in use in the warehouse circuit were adopted.  

The pharmacy delivery circuit involves generation of the list of items for each MU, picking, 

transportation and storage in the MUs. The time window to deliver the pharmacy products to the MUs 

ends at 3pm, and therefore all the deliveries should be performed before this hour. 

The pharmacy process flowchart is presented in Figure 5.1 with the sequential steps numbered 

to facilitate understanding of the description of each of the steps. The process flow diagram chosen 

uses process mapping symbols derived from system analysis since these are the ones that permit a 

better understanding of the overall process. Table 5.2 provides information about the symbols used in 

the pharmacy flowchart and their meaning.  

 

Table 5.2 – Process mapping symbols used in the pharmacy process flowchart and their meaning. 
 

SYMBOLS MEANING 

 

Beginning or end of 
process 

 

Activity 

 
Direction of flow 

 

Decision  

 

 

Additionally, it is valuable to the next step of the methodology – streamlining – to identify and 

classify the types of activities in the process using the process mapping derived from scientific 

management (Rohleder & Silver, 1997): 

 Operation – an activity that contributes to the completion of the process, and adds value 

to the product or service. 

 Movement / transport – an activity that includes physical movement or electronic 

transfer. 

 Delay – occurs before or after any step in a process when work is awaiting further action. 

 Storage – an activity in which materials or supplies are stored for later use. 

 Inspection – an activity to check or verify some aspect of the process. 

 Decision – a point in the process that requires a decision, typically leading to branching 

depending on the outcome of the decision. This one is also included in the process 

mapping derived from system analysis.  
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Figure 5.1 – HBA’s Pharmacy delivery process flowchart, adapted from the pharmacy process flowchart given by HBA.
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Next, information about the main steps of the pharmacy delivery circuit is provided, including the 

activity, activity classification according to the process mapping technique mentioned above, a general 

description, start time, end time, duration of the activity, number of human resources, and the local 

where the activity takes place. The beginning or end of sub-processes within the pharmacy process are 

not classified using the process mapping technique since these are not actual activities, and therefore 

do not belong to any of the possible classifications. A colour scheme is used in the classification of the 

activities to facilitate understanding, with each type of activity being identified by a single and unique 

colour. 

From Figure 5.1 it can be seen that this process involves 17 steps, steps 1-9 belong to the supply 

processing or picking phase, and 10-17 to the transportation and storage of the items in the MUs, 

distributed along 3 hours and 30 minutes. Although the steps and activities are performed sequentially 

on a daily basis, the process is not completely stable and the start, end time and duration of each activity 

varies, depending on several aspects - the day of the week as the MUs to be supplied in each day differ; 

the demands, which vary depending on the quantity that is consumed in each MU; the quantity of human 

resources available to perform the picking and delivery to the MUs, and other aspects. Moreover, the 

duration of most of the steps will not correspond to the difference between the start and end time of the 

activity since for example, the start time of the picking of the large volumes using the PDA corresponds 

to the time in which the picking of the first MU of the day starts and the end time to the time that the 

picking of the last MU of that day is finalized. However, between the start time and end time, the activity 

of selecting distribute and deliver in the PDA for each MU unit to be supplied is also performed, and 

some warehouse assistants are executing other tasks needed such as supplies reception and storage. 

The times, duration and number of human resources of the pharmacy delivery circuit activities 

were observed in several occasions and typically these parameters are relatively stable every day. The 

picking and selecting deliver in the PDA durations presented bellow for each step correspond to the 

statistical analysis of the data generated by the PDA during a one-week period. The transportation and 

storage steps parameters are the result of a one-week period observation. The duration values 

presented are the arithmetic mean and standard deviation for the one-week period.  And, the rest of the 

steps’ parameters are also the result of process observation during several days and insights from staff. 

The human resources number indicated in some steps of the process is an interval because during the 

execution of that step the human resources performing that activity would vary between the numbers 

presented. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

1 
Stock replacement 

scheduled 
- - - - - - 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

2 
Consumed items 

calculation 
Operation - - - 

1 Nurse per 
MU 

MUs 
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GENERAL DESCRIPTION:  

One nurse per MU defines the needs of that MU until midnight of the previous day or in the 

correspondent day in the morning, using the PDA. The quantity of consumed items is calculated by the 

difference between the stock that the PDA shows and the real stock in the medical service. The start 

time, end time and duration of this step was not assessed because these parameters vary considerable 

depending on the MU and whether this step is performed in the previous day or in the correspondent 

day until 10 am. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

3 
Generation of the 
list of items and 

services to supply 
Operation 9h15 9h53 0h38±0h10 

Technical 
pharmacy 
manager 

Pharmacy 

 

GENERAL DESCRIPTION:  

After the needs of the MUs are defined, the technical pharmacy manager can generate the list 

of items and corresponding MUs to be supplied in that day. This is performed using the Internal 

Purchases application, applying the date filter, and selecting the orders of the services whose 

distribution should take place on that day. In the order, it appears only items whose stock reached the 

order point. The generation of the items’ list is performed by MU, and therefore the list for the MUs to 

be supplied in that day start to be available at a certain order. 

Subsequently, when the items’ list for a MU is available, the picking of items can start, and it 

depends on whether they are large volumes, steps 4-6, or others, steps 7-11, as depicted in the process 

diagram. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

4 

Picking of large 
injectable 

volumes using 
PDA 

Operation 09h38 11h49 1h05±0h19 
2-3 Pharmacy 

assistants 

Pharmacy – 
Large 

Volumes 
Warehouse 

 

GENERAL DESCRIPTION:  

2-3 pharmacy assistants are responsible for collecting the large injectable volumes that need to 

be delivered to the MUs, using the PDA. They choose a service to supply, and the application in the  

PDA assists the process by indicating the location in the pharmacy, the name of the item and the amount 

to supply. The assistant scans each item code with the PDA, indicating the amount collected and put 

them in a mobile car. 

At the end of the picking for a certain MU, the application allows to print the label for the 

identification of the MU of the items collected and to where they need to be delivered. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

5 
Picking of large 

volumes finalized 
- - - - - - 
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STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

6 
Select distribute 
and deliver in the 

PDA 
Inspection 09h46 11h53 

0h05±0h02 
0h20±0h10 

2-3 Pharmacy 
assistants 

Pharmacy, 
Large 

Volumes 
Warehouse 

 

GENERAL DESCRIPTION:  

After the picking of the large volumes for a certain MU is finalized, the assistants have to: select 

distribute on the PDA and scan the labels that identify the volumes to be sent, and then select deliver 

and scan the service code for which they will be sent. The first duration presented in the table 

corresponds to selecting distribute and the second to selecting deliver in the PDA. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

7 
Picking of 

medicines using 
PDA 

Operation 9h34 11h23 0h51±0h22 
1-3 Pharmacy 

technicians 
Pharmacy, 
Medicines 

 

GENERAL DESCRIPTION: 

As for the picking of the medicines, a pharmacy technician starts the picking for a certain MU by 

choosing via PDA a service for which he/she will be responsible in that day, and writes it in a board to 

inform the other colleagues. The picking of the items is done using the PDA similarly to the large 

volumes. The pharmacy technician scans the product code, indicating the amount collected and put 

them in a transport box. When the picking of the items is finalized by the pharmacy technicians, the 

labels are printed, in order to identify each transport box. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

8 
Picking of 

medicines in the 
vertical carrousel 

Operation 9h55 12h02 2h06±0h11 
1-3 Pharmacy 

technicians 
Pharmacy, 
Medicines 

 

GENERAL DESCRIPTION:  

The medicines stored in the vertical pharmacy carousel system, due to automatism installed, 

can be picked for six services simultaneously by the pharmacy technicians but normally the pharmacy 

assistants perform the picking of four MUs simultaneously since this was found to be the optimal 

situation in relation to time spent performing picking using the vertical carousel. They need to select the 

services to supply according to the list that the application displays and before starting the picking, the 

application provides a list of drugs missing that is printed for further analysis. Following the instructions 

given by the system, the technician sets the boxes of the respective services in the indicated location 

and the system according to the orders, indicates the drugs and the quantities that should be placed in 

each box. 
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STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

9 
Picking of 
medicines 
finalized 

- - - - - - 

 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

10 
Select distribute 
and deliver in the 

PDA 
Inspection 11h40 12h17 

0h07±0h02 
0h18±0h05 

2-3 Pharmacy 
technicians 

Pharmacy, 
Medicines 

 

GENERAL DESCRIPTION:  

After the picking of all medicines is finalized, which means that the picking of the medicines for a 

certain MU both using the PDA and from the vertical carousel has been concluded, the pharmacy 

technicians carry out the exact same tasks as the pharmacy assistants: they select distribute on the 

PDA and scan the labels that identify the volumes to be sent, and then select deliver and scan the 

service code for which they will be sent. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFICATI
ON 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

11 

Delivery of the 
medicine boxes to 

large volumes’ 
assistants for 

delivery 

Transportation 11h42 12h21 0h08±0h03 
2-3 Pharmacy 

technicians 
Pharmacy 

 

GENERAL DESCRIPTION:  

The pharmacy technicians deliver the medicine boxes to the assistants that join these to the 

respective mobile cars which are already assigned to a MU and already contain the large volumes to 

be delivered to that specific MU. 

Observing the process flowchart, it is possible to see a decision symbol between steps 11 and 

12, and 6 and 12. This is important because step 12 can only start if step 6 is completed since the 

pharmacy assistants that perform the large volumes picking are the ones that are responsible for step 

12, the transportation of the pharmacy items to the MUs. Regarding step 11, it is necessary that at least 

the picking of one MU is completed because the transportation to a MU only occurs if all the items are 

ready, both the large volumes and medicines. Therefore, there is only delay if the pharmacy assistants 

have already transported all the MUs ready, and the pharmacy technicians are still completing the 

picking, which is very unlikely.  

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

 
12 
 

Transportation of 
the pharmacy 

items 
Operation 11h45 12h40 0h27±0h07 

2-3 Pharmacy 
assistants 

Pharmacy to 
MUs  

 

 

 



29 
 

GENERAL DESCRIPTION:  

In this step, normally the picking for all the medical services of the scheduled day, and 

organization of the mobile cars is finalized. However, if, as mentioned above, the medicines’ picking is 

delayed, the pharmacy assistants can start the transportation of the mobile cars that are ready to the 

respective MUs.  

This transportation from the pharmacy to the MUs is performed based on the transporters 

experience, and no routes or indication of the sequence of the MUs to be visited is pre-established. 

Moreover, depending on the demands of the MUs, some mobile cars can transport items for more than 

one MU. The number of transporters needed to perform each of the routes is also not defined. 

It is relevant to mention that steps 12, 13 and 14 are done sequentially in each route performed 

by the pharmacy assistants, which can include one or more MUs depending on the demand of the MUs. 

Therefore, the start time and end time of each step will be longer than the duration of the activity 

because it will indicate the start time in which the first mobile car is being transported to the respective 

MU, and the end time will correspond to the time in which the last mobile car scheduled to be transported 

in that day arrives to the MU of destination, in the case of step 12. This means that in this time period 

is included the duration of the mobile cars transportation to the MUs but also the items delivery and 

empty boxes collection, and the large volumes storage. And the duration presented in the tables of 

steps 12, 13 and 14 will only correspond to the actual time spent performing these activities. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

13 

Delivery the items 
to the MUs and 
collect empty 

boxes 

Operation 11h50 12h43 0h06±0h03 
2-3 Pharmacy 

assistants 
MUs 

 

GENERAL DESCRIPTION:  

The assistants deliver the medicines and the large volumes in the MUs, and collect the boxes in 

the service from the previous delivery, in case these are still in the service. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

14 
Store large 

volumes 
Operation 11h52 12h46 0h41±0h08 

2-3 Pharmacy 
assistants 

MUs – Large 
Volumes 
Storage 
Room 

 

GENERAL DESCRIPTION:  

The assistants rapidly store the large volumes inside the MUs in the large volumes storage room. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

15 Store medicines Operation - - - 1 Nurse 

MUs – 
Medicine’s 

Storage 
Room 
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GENERAL DESCRIPTION:  

A nurse stores the medicines delivered by the pharmacy assistants as quickly as possible in the 

appropriate locations designated for medicine storage. Since this activity is performed by a nurse and 

the process is being analysed from the perspective of the pharmacy activities, this time was not 

measured. Also, the times and duration of this activity, similarly to step 2, will vary considerably within 

the MUs. 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

16 and 
17 

Stock replacement 
finalized 

- - - - - - 

 

 

5.3.2. Warehouse delivery circuit 

The warehouse delivery morning process starts at 5am and ends at 12.45 pm, approximately, 

five days a week. Similarly, to the pharmacy the process includes the picking of the consumables and 

their transportation to the MUs. The picking typically lasts from 5am to 12pm, and the transportation of 

the consumables to the MUs lasts from 09.15am to 12.45pm approximately. The time window to deliver 

the consumables to the MUs ends at 1pm, and therefore all the deliveries should be performed before 

this hour. 

As mentioned in chapter 2, the warehouse staff has different tasks such as reception of supplies, 

picking and delivery to the MUs, and the team rotates between these tasks every week. There is a 

weekly schedule which contains the number of human resources needed for each of the tasks. 

Normally, exists one warehouse assistant responsible exclusively for each task and the remaining staff 

reinforces these positions. The team size varies between 4 and 6, depending on the warehouse needs 

and the time of the year. In the warehouse delivery circuit, there are two different shifts – 5am to 9am 

(picking and supplies’ reception) and 9am to 1pm (picking and delivery to the MUs). 

A delivery map for the week is available in order to support the warehouse assistants’ activities 

and contains the days of the week in which each MU should be supplied, the approximate demand 

measured in terms of fractions of mobile cars, pallets or containers, the human resources needed for 

each route, the route, the delivery and transportation time, and also the time in which the warehouse 

assistants’ leave the warehouse to perform the transportation of consumables to the MUs. In the 

delivery map, 8 routes are performed by the set of robots, which were already mentioned in chapter 2. 

Since the focus of this reengineering is the routes on foot, the information regarding the MUs whose 

transportation is done by the robots is only important because the picking is performed by the 

warehouse assistants, and even though the robots perform the routes, the warehouse assistants are 

responsible for requesting the key of the advanced warehouses in the respective MUs and store the 

items of largest volume such as syringes, diapers, sponges, etc. Also, the MUs Internamentos typically 

have a higher demand than the robots’ capacity, and therefore when the warehouse assistant goes to 

the MUs to request the key and store the items, he transports a mobile car with the remaining items for 

that service. It is also worth mentioning that in the second, third and fourth floor are the Internamentos, 

and there are four distinct MUs per floor, Internamentos A, B, C and D. However, differently from the 

pharmacy, the warehouse circuit performs only two deliveries per floor instead of four, one for each MU. 
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This happens because the demands for A and B, and C and D are delivered together and stored in the 

advanced warehouse of A and C, respectively. In Appendix I this information is available, with the routes 

performed by the robots shaded in grey. 

 In Figure 5.2, the warehouse process flowchart with the steps numbered is presented. Process 

mapping symbols were used similarly to the pharmacy process flowchart. The process, as a whole, 

incorporates 16 steps, steps 1-9 belong to the picking phase, and 10-16 to the transportation and 

storage of the consumables in the MUs, distributed along 7 hours and 45 minutes. Similarly, to the 

pharmacy the process is not completely stable, meaning that every day is different and several aspects, 

such as different demands from the MUs, different MUs to be supplied depending on the day of the 

week, number of human resources available and others, contribute to the process variability.   

The description of the steps is provided next, with information about the type of activity of the 

step, a general description, start time, end time, duration of the activity, number of human resources, 

and the local where the activity takes place. The main activities performed in the warehouse delivery 

process are similar in sequence and resources with the pharmacy circuit. The data regarding picking 

and selecting deliver in the PDA presented bellow for each step correspond to the statistical analysis 

of the data generated by the PDA during a one-week period. The duration values presented are the 

arithmetic mean and standard deviation for the one-week period. Similar to the pharmacy, the 

transportation and storage steps parameters are the result of a one-week period observation, and the 

rest of the parameters resulted from observation and insights from the warehouse staff. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

1 
Stock replacement 

scheduled 
- - - - - - 

 

GENERAL DESCRIPTION:  

 

For each service, there is a list of items to have in stock in the advanced warehouses, and 

therefore, the order for each day is generated automatically based on the consumption, and is available 

since 2am. The only exception is Bloco Central and Urgência Central, whose list of picking is only 

available at 9am and 10am, respectively, because of the nature of these MUs. The list of the items 

safety stock and the maximum order quantities may be adjusted by Logistics/Materials Management if 

needed. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

2 
Need of extra 
stock items 

- - - - - - 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

3 Order request Operation - - - 1 Nurse MUs 
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Figure 5.2 – HBA’s Warehouse delivery process flowchart, adapted from the warehouse process flowchart given by HBA.
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GENERAL DESCRIPTION:  

If a MU needs a product that does not belong to the stock of that unit or a higher quantity of each 

product, an order may be performed. For that a nurse must do a request, using the appropriate 

application, containing the items and quantities needed, as well as a date for the delivery (by definition 

the application suggests the next delivery date for that MU). In the case of emergency deliveries, the 

MU should contact directly to the warehouse in order to satisfy the request as quickly as possible. Since 

this step only takes place in the warehouse circuit if there is an extra need of items, no measurement 

of this step was performed. 

After this step, a decision symbol is present in the flowchart. If the items requested are within the 

pre-established maximum levels for the respective product, the request does not need approval. 

Otherwise, and/or if the items do not belong to the items that need to be in stock in that MU’s advanced 

warehouse, the request need to be approved.   

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

4 Request approval Inspection - - - 
1 Approver 
(warehouse 

staff) 
Warehouse 

 

GENERAL DESCRIPTION:  

For the requests that need approval, the application sends an automatic email with a new 

internal request, which the approver should evaluate, and either approve or refuse, introducing an 

observation that justifies the decision. The start, end time and duration of this step were not measured 

since this step is not always present, only when MUs need items above the maximum level or do not 

belong to the items that need to be in stock and, therefore there is a high variability in these times. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

5 Request refused - - - - - - 

 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

6 
Generation of the 
list of items and 

services to supply 
Operation 9h10 9h32 0h22±0h09 

1 Warehouse 
assistant 

Warehouse 

 

GENERAL DESCRIPTION:  

After the needs of the MUs are defined, a warehouse assistant, which is responsible for the 

task, generate the list of items and corresponding MUs to be supplied in that day. This is executed by 

using the Internal Purchases application, applying the date filter, and selecting the orders of the services 

whose distribution should take place on that day  
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STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

7 

Select the MU and 
perform the 

picking using the 
PDA 

Operation 4h55 11h46 03h30±0h36 
1-2 

Warehouse 
assistants 

Warehouse 

 

GENERAL DESCRIPTION:  

.  The warehouse assistants choose the services available on the PDA, these are the ones with 

the status "delivery in progress". They are identified with the central warehouse of origin and the 

advanced warehouses of destination. Similarly, to the pharmacy the PDA will indicate: location; the 

name of the item; and the quantity to collect and the assistants place the items in the transport car. 

When picking the items, the assistants scan the codes available in their location and identify the quantity 

collected. At the end of the picking, the application allows to print labels needed to identify the number 

of volumes prepared and the MU where the items need to be delivered. Lastly, the assistants place the 

cars with the consumables in the designated shipment area. 

As aforementioned, the night shift picking starts at 5am, and when the next shift arrives at 9am, 

the picking of all the MUs whose needs are available at 2am are completed. The exception is Bloco 

Central and Urgência Central, whose list of picking is only available at 9am and 10am, respectively, 

and, therefore the picking of these services start at these times. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

8 
Select distribute 

in the PDA 
Inspection 5h14 11h58 0h06±0h04 

1-2 
Warehouse 
assistants 

Warehouse 

 

GENERAL DESCRIPTION:  

After performing the picking of a certain MU, the warehouse assistants select distribute on the 

PDA and scan the labels that identify the volumes to be sent. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

9 
Add FM items to 

the delivery 
Operation - - - - Warehouse 

 

GENERAL DESCRIPTION: 

The assistants go to the shelf of the Fast Movers and if there are any items to deliver to the MUs, 

they add them to the transport car. This step was not measured since this is only present in the process 

if there are FM items to deliver to the MUs, and in the week observed no FM items were requested by 

the MUs. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

10 
Transportation of 

the warehouse 
items to the MUs 

Operation 9h30 12h05 0h38±0h07 
2-3 Warehouse 

assistants 
Warehouse 

to MUs 
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GENERAL DESCRIPTION: 

The assistants transport the consumables to the respective MUs. They consult the scales map 

affixed in the warehouse to know whether the material should be delivered and stored by them in the 

advanced warehouses, or whether the storage should be made by a service responsible.  

  

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

11 
Select deliver in 

the PDA  
Inspection 9h24 11h41 0h18±0h05 

2-3 Warehouse 
assistants 

MUs 

 

GENERAL DESCRIPTION: 

The assistants select deliver of the volumes which are pendent for delivery, and scan the 

advanced warehouse code with the PDA for which they will be sent. In some cases, this scan is 

performed during the transportation of the items to the MUs since PDAs have small signal in  

After this, the flowchart possesses another decision node, since the next activity is going to 

depend whether the material is supposed to be just delivered or to be delivered and stored. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

12 Store items Operation 9h34 12h30 2h01±0h23 
2-3 Warehouse 

assistants 
MUs 

 

GENERAL DESCRIPTION: 

If the materials need to be stored in the advanced warehouse by the warehouse assistants, they 

store the material in the respective location.  

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

13 
Stock replacement 

finalized 
- - - - - - 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

14 Deliver items Operation 9h48 12h08 0h09±0h03 
2-3 Warehouse 

assistants 
MUs 

 

GENERAL DESCRIPTION: 

If the materials only need to be delivered, the assistants deliver the mobile cars/pallets. In the 

restricted access services, they leave the materials at the door of the MUs after informing a nurse from 

the MU. In the other services, the assistants request the nurse or other staff responsible to open the 

door of the advanced warehouse, in order to deliver the consumable items. The collection of pallets and 

empty boxes from the last delivery is also executed.  

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

15 Store items Operation - - - 1 Nurse MUs 
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GENERAL DESCRIPTION: 

The nurse or other responsible staff store the items in the appropriate locations. Likewise the 

pharmacy circuit, this time was not measured because the start, end time and duration vary significantly 

upon the MU considered and this process measurement is accomplished in the warehouse staff 

perspective. 

 

STEP ACTIVITY 
ACTIVITY 

CLASSIFIC
ATION 

START 
TIME 

END TIME DURATION 
NUMBER OF 
RESOURCES 

LOCAL 

16 
Stock replacement 

finalized 
- - - - - - 

 

 

5.3.3. Remarks on the delivery circuits 

Overall, there are a few aspects about the two delivery circuits just described, which are worth 

mentioning. Although, the two processes have approximately the same steps and work in an 

approximate manner, some differences may be observed, which are summarized next: (i) The start and 

end time of the two circuits differ, with the warehouse circuit starting approximately 4 hours before the 

pharmacy; (ii) In the warehouse process, the picking step and the transportation of the items to certain 

MUs happen simultaneously; and contrarily, in the pharmacy, the transportation to the MUs only starts 

when there is no more MUs to perform the picking and therefore that assistant initiate the transportation 

to the MUs; (iii) The pharmacy assistants are responsible for both the picking and the transportation to 

the MUs, whereas in the warehouse, different employees are allocated to different tasks, that is the 

person responsible for executing the picking differs from the person allocated to perform the 

transportation to the MUs; (iv) The delivery sites of both circuits differ – in the case of the pharmacy, 

the delivery is executed in specific rooms inside each MU; and in the warehouse circuit the assistants 

deliver the items in the MUs’ advanced warehouses. The exception to this are the following MUs: Bloco 

Central, Urgência Pediátrica and all the CEs (CE 1, 2, 3, 4 and 5), which have a common delivery 

location; (v) There is a set of robots performing some of the routes in the warehouse, namely to 

Internamentos, HDM Diálise, HDM Oncologia, Psiqui+Pedopsiquiatr and Med Fisica Reabilita, since 

the routes to these MUs do not require passing through doors, and therefore robots can be used. In the 

pharmacy, due to safety issues all the routes have to be done by foot and stored in specific locations 

to allow the minimum contact with people outside the MUs; Lastly, as previously mentioned, (vi) in the 

warehouse circuit in the case of the MUs Internamentos the warehouse assistants perform only two 

deliveries per floor since the items requested for A and B, and C and D are delivered together and 

stored in the advanced warehouse of A and C, respectively. 

 

5.4.  Step 4 – Streamlining – Removal of non-value-adding activities and problems 

identification 

The non-value-adding activities and problems identified were a result of an analysis to the 

pharmacy and warehouse processes described in the previous step and insights from the pharmacy 

and warehouse staff. 
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There are multiple techniques that can be used to analyse processes and identify non-value-

adding activities. The value-added analysis was the one chosen to examine all the pharmacy and 

warehouse activities and evaluate them as non-value-adding and value-adding activities. This 

technique was preferred because is an effective tool for showing the current process, identifying 

wasteful activities, and where potential improvement efforts should be target. The value-added 

assessment of an activity, classifies each activity as one of the following (Borysowich, 2007): 

 real-value-adding (RVA) activity, 

 business-value-adding (BVA) or necessary non-value-adding (NNVA) activity, 

 and, non-value-adding activity. 

For an activity to be identified as RVA, it must generate an output which creates value for the 

customer, and the conclusion of the activity must be needed to create that output (Long, 2012). 

Production type activities, which include operations and decisions, are RVA activities, such as taking 

customer orders, reception of materials, assembling or picking of materials, shipping or delivery. 

Although being value-adding activities, there may be possibilities for efficiency and effectiveness 

improvement (Borysowich, 2007). 

BVA activities are defined as necessary non-value-adding activities, which are essential in 

satisfying business requirements, yet not adding value from the customer’s perspective. Some 

examples are preparing financial reports, and ordering business supplies (Borysowich, 2007). 

 NVA activities refer to activities that neither add value to the process from the customer’s 

viewpoint nor support the business process, such as storage, transportation, delay, approval, and 

inspection type activities. 

To perform the value-added analysis, the process flowcharts of the pharmacy and warehouse 

circuits presented in the previous step were examined comprehensively. As aforementioned, the 

primary targets for removal are transportation, delay, storage and inspection, and therefore the analysis 

was performed with special attention to the classification of the activities using the process mapping 

derived from scientific management. From this classification is possible to obtain a value-added 

flowchart, which visually separates the value-adding from non-value-adding activities. The process of 

creating a value-added flowchart is simple and follows the steps presented below (McDaniel & Brian, 

2016). 

1. List all of the steps in a process. 

2. Create a diagram with a box for every step, in sequence. 

3. Add the time required to complete each step of the process. 

4. Identify the steps that do not add value to the process. 

5. Move the boxes representing non-value-adding activities to the right. 

6. Add the times of the non-value-adding and value-adding activities to yield the non-value-

adding cycle time and value-adding cycle time, respectively. 

 

The value-added flowcharts and the cycle time analysis of the pharmacy and warehouse delivery 

circuit are displayed in Figure 5.3 and 5.4, respectively. On the cycle time analysis, a pie chart with the 
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percentage of the total cycle time which is a function of value-adding and non-value-adding activities 

was performed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3 – Value-added flowchart of the pharmacy delivery circuit (left) and warehouse delivery circuit 

(right). 
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Figure 5.4 – Cycle time analysis of the pharmacy delivery circuit (left) and warehouse delivery circuit (right). 

The figures above show that the pharmacy and warehouse non-value-adding activities are mainly 

the ones in which the assistants use PDAs for inspection tasks. In the value-added flowcharts is 

possible to observe the total value-adding time and total non-value-adding time for both processes, and 

in the cycle time analysis the corresponding percentages for these two times are displayed. In the 

pharmacy process, the wasteful activities account for 14% of all the activities, and in the warehouse 

this number is lower, 6%.    

The wasteful activities and problems identified as a result of this analysis and from insights of the 

pharmacy and warehouse staff are detailed below. These can be either from the pharmacy and 

warehouse or from the overall distribution of these two deliverables. Also, the first steps of a cause and 

effect analysis are performed with the responsible causes for the non-value-adding activities being 

identified. In that way, in the next step the actions or countermeasures that remove these causes can 

be selected, therefore solving the problem. 

 

5.4.1 - Wasteful Activities 

In the pharmacy and the warehouse value-added flowchart the activities considered non-value-

adding activities are the ones that are analysed with greater detail. The non-value-adding activities are 

identified as inspection and transportation, being this last one only present in the pharmacy process. 

Also, there is the special case of the picking operation, which although adding value to the process, 

there is a considerable amount of wasted time during this activity.   

Regarding the inspection activities, they are similar in both processes and account for some 

amount of time of non-value-adding activities. They are a typical case of unnecessary record keeping 

and data collection, since HBA continues to create records of information which are not necessary or 

useful. For the transportation in the pharmacy process, this non-value-adding activity is already 

optimized since HBA projected the large volumes and medicine area adjacent to each other, therefore 

reducing the amount of time spent on this activity (step 11 in the pharmacy process). This classification 

as non-value-adding activities is further explained below. 

 

1. PDA Scans – Inspection Activities 

The pharmacy and the warehouse employees perform scans with the PDA for distributing and 

delivering of items of the MUs (step 6 and 10 in the pharmacy process, and step 8 and 11 in the 

warehouse). The step of selecting distribute in the PDA is used to control the fact that the picking has 

finished and the items are now available for transportation to the MUs. However, the step of selecting 

deliver was initially introduced to be done in the MUs by the nurses whenever they have verified that 

the items requested were in fact delivered, but since nurses have the important task of providing 

healthcare, these step is currently being performed by the pharmacy and warehouse staff, which was 

not the intention. Also, this step takes a significant amount of time – 38 and 18 minutes daily, in the 

pharmacy and warehouse circuit, respectively – and is common for the PDAs to start malfunctioning, 

adding more time to these activities. 
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Cause(s): Low performance of PDA operating system and need for re-conception in order to 

eliminate the deliver step. 

2. PDA Scans – Picking Activities 

Although the picking activity is not a wasteful activity as mentioned before, during the picking a 

considerable amount of time is added because of PDAs malfunctioning, that require the assistants to 

restart the PDA several times or even replacing their PDA. Typically in the picking activities of the 

pharmacy and warehouse, a minimum of 10 minutes are wasted, due to problems in PDAs. This 

increases the total time of non-value-adding activities in the pharmacy from 58 minutes to 1 hour and 8 

minutes, and thus the percentage of non-value-adding activities to 16.7%. In the case of the warehouse 

circuit, this augments the total time of non-value-adding activities from 24 to 34 minutes, resulting in a 

percentage of non-value-adding activities of 8%.  

Cause(s): Low performance of the PDA operating system.     

 

3. Two different teams are performing almost the same routes 

This can be seen as a case of duplicated effort since the same task is being done twice in the 

overall process of the transportation of the pharmacy and warehouse deliverables. Two distinct teams, 

one from the pharmacy and other from the warehouse, are transporting the respective deliverables to 

the MUs, performing approximately the same routes (Pharmacy-MUs and Warehouse-MUs). Since the 

pharmacy and warehouse are located in the same floor, floor -1, as can be observed in HBA maps 

presented in Appendix II, and the pharmacy and warehouse delivery sites in the MUs are located within 

a minor distance, the routes performed by the two teams are considered similar enough for this to be 

deliberated a wasteful activity. There might be a better option by coordinating the transportation of the 

two deliveries leading to an overall time reduction, being this the objective of this BPR project. 

Cause(s): Lack of coordination between the pharmacy and the warehouse, different locations of 

the pharmacy and the warehouse, and delivery sites in the MUs. 

 

5.4.2 - Problems 

It is important to identify other problem areas or aspects of the process, which are not 

considered wasteful activities but are preventing the process from being better and more effective. As 

before, the underlying causes of the problems were identified through a root-cause analysis. The 

problems presented below are related to processes and procedures, more specifically to the lack or 

ineffective procedures (problem 1 and 3), and terminology, i.e. lack of an agreed-upon nomenclature 

(problem 2). 

 

1. Lack of control of the pharmacy process and human resources behaviour 

In the pharmacy there is no delivery map or pre-established routes for staff guidance, which is a 

problem because exists less control of the activities in the process and the HR behaviour. Also, if new 

assistants start working in the pharmacy the training process is more difficult since there are no 

procedures with the routes or the process specified. 

Cause(s): Lack of delivery map and support for route creation. 
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2. No standardization of MUs nomenclature 

The MUs in the pharmacy and warehouse circuit have different nomenclatures as 

aforementioned, which might lead to difficulties in communication. 

Cause(s): Lack of a unified denomination of the MUs throughout the hospital. 

 

3. Ineffective pharmacy schedule  

The current pharmacy schedule does not take into account that the MUs whose distance is 

shorter or that are located in the same floor should be scheduled to the same day, therefore reducing 

the time spent on each route. It is more efficient to schedule the closest MUs to the same days since 

elevator delay accounts for a significant percentage of the transportation time, 32.50% on average with 

a standard deviation of 9.63. Table 5.3 presents the times measured during a day of several routes, 

indicating the total transportation time, the elevator delay and the correspondent percentage of the total 

time. 

 

Table 5.3 – Total transportation time and elevator delay in seconds measured during a day for several 

routes, and the percentage of elevator delay in relation to the total transportation time. 

 

TOTAL 
TRANSPORTATION 
TIME (SECONDS) 

ELEVATOR DELAY 
(SECONDS) 

PERCENTAGE OF 
ELEVATOR DELAY IN 
RELATION TO TOTAL 

TRANSPORTATION TIME (%) 

116 32 27.59 

102 31 30.39 

163 30 18.40 

128 44 34.38 

178 87 48.88 

108 28 25.93 

149 66 44.30 

108 28 25.93 

169 62 36.69 

 

Cause(s): Lack of a thorough analysis when developing the current schedule. 

 

4. Pharmacy mobile cars fleet 

Currently the pharmacy items’ transportation to the MUs is performed using a heterogeneous 

fleet of mobile cars, which have different dimensions. 

The dimensions of the pharmacy transportation mobile cars were measured and are the 

following, being the first set the external dimensions (the height of the cars include the wheels), and the 

second measures correspond to the platform dimensions, the last measure correspond to the typical 

height that the supplies reach when being transported: large car – 125x80x110 cm and 115x75x90 cm; 
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small car – 91.5x61.5x94 cm and 85x55x74 cm; shelves car – 79x54x89 cm and 75x50x69; and pallet 

– 180x119x13 cm and 180x119x90 cm (the pallet height depends on the quantity of items to be 

transported, but typically the height conveyed is approximately 90 cm). In the warehouse, there is an 

even larger mobile car with dimensions of 125x85x170 cm and 120x80x170 cm. 

This means that the mobile cars used have very different capacities, and therefore it could be 

beneficial to have a mobile cars fleet consisting of cars with greater capacity so that it would allow for 

the consolidation of a higher number of pharmacy routes, resulting in the reduction of transportation 

times. In the current situation, the pharmacy only has available 3 large mobile cars, which is the 

pharmacy car with greater capacity.   

 Cause(s): Lack of larger mobile cars that allow the transportation of a higher volume of items. 

 

5.5. Step 5 – Creation – Process innovation 

In this step the focus is on the removal or improvement of the non-value-adding activities and 

problems identified on the streamlining step. Also, it is important to envision changes that have the 

potential to improve the current process. Therefore, two different scenarios are presented below, the 

first one represents only minor to medium changes in the current processes, and the second can be 

seen as a more innovative solution that comprehends both minor and major changes. The choice to 

present two different solutions was made because it is important to provide alternatives to the current 

process that possess different levels of required changes for HBA to choose the one that best fit their 

current needs. Furthermore, it is beneficial to have different scenarios to compare the potential gains 

and choose the best approach. 

 

5.5.1. Scenario 1 

In this scenario wasteful activities 1 and 2, and problems 1, 2, 3 and 4 are solved due to the 

changes introduced below. However, the objective of this BPR which was to try to combine the 

pharmacy and warehouse routes is not fulfilled in this scenario since this would require a great effort 

from both teams and major changes since the timetables of the pharmacy and warehouse differ 

significantly. Yet, distribution times reduction and enhanced resource efficiency in the pharmacy should 

be achieved in this scenario, which was the main motivation behind this reengineering project. 

Moreover, since this project was proposed by the HBA’s Head of the Pharmacy Department with the 

purpose of improving the pharmacy employees’ efficiency in the morning delivery circuit resulting in 

them being available to perform other needed tasks, it is appropriate to have a solution that can achieve 

this objective by implementing changes only on the pharmacy process. Thus the following actions are 

assumed to be implemented. 

 

1. The PDA operating system performance is evaluated in order to assess the current issues 

with the delays and the PDA malfunctioning.  Also, in a meeting between the PDA operating 

system company and the warehouse and pharmacy, the needs of these services are re-

evaluated so that the result is a new PDA system that meets the requirements and 

necessities of the staff. The new system should eliminate the step of selecting deliver and be 



43 
 

more user-friendly in the fact that it should not get in the way of the employees to complete 

their tasks, nor should it set up any roadblocks for users. This eliminate the need of both 

pharmacy and warehouse staff to perform inspection activities that are time-consuming, 

solving wasteful activities 1 and 2. This action eliminates about 48 minutes per day and 4 

hours per week, and 28 minutes daily and 2.3 hours per week, of non-value-adding activities 

in the pharmacy and warehouse delivery process, respectively.  

2. Introduction of a new pharmacy schedule that takes into account that similar routes (for the 

same floor) should be scheduled to the same days, addressing problem 3. This new schedule 

will adopt the nomenclature already in use at the warehouse as aforementioned, easily 

solving problem 2. 

3. Introduction of an algorithm in the form of a flowchart that simulates the pharmacy staff’s 

behaviour and helps to create each day routes. The reason to choose this method for the 

creation of the assistants routes is not to obtain the optimal routes, but to get a robust and 

flexible method that would work well if the MUs demands are not completely stable (the 

demands presented in the delivery map in Appendix I are the typical demands for each MU, 

but these vary according to the quantity of items consumed in that week in the MUs). This 

algorithm is based on a set of heuristics, which do not guarantee an optimal solution, but 

permit the generation of a feasible solution respecting the heuristics. In the pharmacy case, 

it is important to have a tool to create routes that takes into account the fact that elevator 

delays add up to for a significant percentage of the transportation time, and therefore MUs 

situated on the same level should be supplied in the same route if there is enough capacity. 

This measure solves partly problem 1, the other part, a delivery map for staff guidance, is 

addressed by the change proposed in 5. 

4. Acquisition of a new fleet of mobile cars with greater capacity, which allows for the 

consolidation of a higher number of pharmacy routes, enhancing resources efficiency and 

reducing transportation time. This solution addresses problem 4. 

5. Creation of a delivery map for the pharmacy. The delivery map presented in Table 5.2, was 

obtained by observing the pharmacy delivery process for a week. However, with the 

introduction of the previous new delivery schedule, this delivery map need to be altered to 

incorporate the changes introduced. 

 

5.5.2. Scenario 2 

 

In this scenario major changes are introduced to the current processes and the main objective of 

this project, which is to combine the delivery of the pharmacy and warehouse items and reduce the 

pharmacy assistants’ workload, is achieved. Therefore, in this solution all of the wasteful activities and 

problems identified in the streamlining step are solved. Change 1 from scenario 1, and the fact that a 

standardization of the nomenclature was performed are also introduced in this scenario along with the 

changes presented below. 
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1. Creation of a transportation hub for transhipment of items from one transport to another, in 

this case to combine shipments from the pharmacy and warehouse. This hub is an area 

where the pharmacy items for delivery in that day could be placed, and then a designated 

team would transport these to the respective MUs together with the warehouse items for that 

MU, if there is enough capacity. In case the combination of pharmacy and warehouse items 

is not possible, due to capacity constraints, the pharmacy items should be supplied in other 

route. This measure has the potential to eliminate unnecessary visits to MUs since it is 

possible for an MU to be visited only once, and to decrease the overall time spent on 

travelling. Having this hub in the hospital means that there is only one team transporting the 

pharmacy and warehouse deliverables, removing the duplicated effort present in the current 

process. As aforementioned, the warehouse and pharmacy have different delivery sites in 

the MUs except for Bloco Central, Urgência Pediátrica and all the CEs (CE 1, 2, 3, 4 and 5). 

However, since the delivery sites are located within a reasonable distance in the MUs, the 

routes can be combined without affecting the staff task in a great extent. To implement the 

transhipment hub, apart from defining the physical, operational and flow characteristics, it is 

also necessary to take into account that the following procedures need to be altered in the 

current process: 

 Delivery schedules so that they are as similar as possible. The current delivery 

schedules of the pharmacy and warehouse have different MUs being supplied in 

each day. 

 Picking and delivery hours so that the phases of the transhipment process are time-

balanced, i.e. the mobile cars with the MUs’ items ready to deliver in the transhipment 

areas should be as much compatible as possible with the ones ready from the 

warehouse, so that it is possible for each MU to be visited only once if there is enough 

capacity. If the capacity of the transportation car is already in the maximum level, the 

MUs are delivered in other route. This means that all the items placed in the hub 

have to be transported to their destination MU. 

2. Introduction of an algorithm quite similar to the one from Scenario 1 that simulates the staff’s 

behaviour and helps to create each day routes. This method is even more suitable in this 

case since we are dealing with two demands that have some uncertainty, and therefore it is 

beneficial to have a flexible and robust method to create the team routes. 

The algorithm takes into account the demands from the warehouse and pharmacy and tries 

in the following order to integrate the demands into the same route, always respecting the 

capacity constraints: demands to the same destination MU from the warehouse and the 

pharmacy, MUs from the same level, and lastly MUs from different levels in the hospital 

facilities. 

 

5.6. Step 6 – Technical design 
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In this step of the framework, the proposed reengineered scenarios are documented. This means 

that the hardware, software, procedures, systems or plans for facilities enhancement that can possibly 

be needed for the envisioned reengineered process are described (Mohapatra, 1997). 

In the case of this particular BPR, the technical design needed for the two previously proposed 

scenarios is presented below, along with the plan for implementation. 

 

5.6.1. Scenario 1  

As explained in the previous step, if the changes introduced in this scenario are implemented in 

the HBA pharmacy, it should allow an improvement in the pharmacy employees’ efficiency, along with 

a reduction in the transportation times. The changes comprise mainly alterations in the current 

procedures, delivery schedule and tool to assist the creation of the employees’ routes – current 

equipment, mobile cars – and a system modification, PDA system. 

 

5.6.1.1. Delivery Schedule 

Scheduling can be described as the activity of allocating a certain type of resource, such as 

workforce, materials, vehicles, and the tasks to be performed within a determined time frame. 

Schedules are the result of this allocation process. A scheduling task consists of several activities, 

including gathering and analysing information, communication with different stakeholders, decision-

making, and problem solving. Moreover, it is essential to consider the goals and constraints the 

schedule should follow to be considered a good and effective schedule (Snoo, 2011). 

In the pharmacy case, there is no particular specification or constraint for the scheduling, except 

that: 

- the scheduling horizon is one working week, this is from Monday to Friday; 

- every MU should be supplied once weekly, with exception from: 

- Urgência Central that should be supplied in every week day; 

- and, Bloco Central, UCI + Intermédios and Bloco Partos that should be supplied twice per 

week. 

 Since the pharmacy delivery circuit involves nurses at the MUs, insights from the staff suggested 

that the best option would be to work with the current delivery map as a base and introduce just a few 

changes since the current schedule was developed based on some MUs preferences and one of the 

objectives of the pharmacy is to facilitate the nurses’ work so that they can focus on their real task, 

which is providing the best healthcare to patients. Furthermore, since there are no current specifications 

or constraints except for the frequency that the MUs should be supplied, there is no need to drastically 

change the current map because this would not introduce any large improvement in the process. 

These soft constraints combined with the specific goal of introducing just slight changes to the 

current delivery schedule, resulted in having no need to translate this problem in a mathematical 

formulation or using scheduling algorithms. More, these algorithms are often used on more complex 

problems and in scheduling with tighter delivery time windows or limited resources, which is not the 

case. And, therefore a more empirical approach based on the pharmacy process observation was 

chosen to be the most suitable method to perform the rescheduling activity. 
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To assess the changes that should be introduced to the schedule in order to address problem 3, 

the level of each of the MUs that need to be supplied weekly by the pharmacy was evaluated. The 

results are presented in Table 5.4. 

Table 5.4 – Level of the MUs to be supplied weekly by the pharmacy. 
 

MUs LEVEL MUs LEVEL 

ANATOMIA PATOLÓGICA -1 UCI + INTERMEDIOS 1 

UNIDADE DE DOR -1 BLOCO PARTOS 1 

ESTERILIZACAO -1 NEONATOLOGIA 1 

URGENCIA PEDIATRICA 0 GINECOLOGIAOBSTETRIC 1 

URGENCIA CENTRAL 0 CE 4 OBSTETRICIA 1 

IMAGIOLOGIA 0 INTERNAMENTO P2 (A) 2 

MEDNUCLEAR 0 INTERNAMENTO P2 (B) 2 

PSIQUI+PEDOPSIQUIATR 0 INTERNAMENTO P2 (C) 2 

MFR 0 INTERNAMENTO P2 (D) (PEDIATRIA) 2 

HDM DIALISE 0 INTERNAMENTO P3 (A) 3 

HDM ONCOLOGIA 0 INTERNAMENTO P3 (B) 3 

CE 1 PEDIATRIA 0 INTERNAMENTO P3 (C) 3 

CE 2 MEDICINA 0 INTERNAMENTO P3 (D) 3 

CE 3 CIRURGIA 1 INTERNAMENTO P4 (A) 4 

CE 5 EXAMESESPECIAIS 1 INTERNAMENTO P4 (B) 4 

HDC 1 INTERNAMENTO P4 (C) 4 

BLOCO CENTRAL 1 INTERNAMENTO P4 (D) (INFECCIOLOGIA) 4 

 

By direct observation of the delivery process, the level of the MUs, the routes (the elevator that 

is used by the assistants to transport the mobile cars from the pharmacy to the MUs, which was 

presented on Appendix I) and the proximity of the MUs location (Appendix II) some changes to the 

current schedule are proposed.  

The first change that should be introduced is related to the MUs Internamentos. Levels 2, 3 and 

4 of HBA are composed exclusively of Internamentos as can be observed in Appendix II, and the 

elevator used for the transportation of the items for Internamento (A) and (B), and (C) and (D) for every 

level are the same, this is the same route is used, and therefore this MUs should be scheduled to the 

same day so that two MUs can be supplied in the same route. Also, with these MUs being located on 

the highest levels of the hospital, the amount of time spent on the elevator is higher for these routes, 

which enforces the need to reduce the number of routes to these MUs. 

Apart from this, changes concerning Neonatologia, MedNuclear and Psiqui+Pedopsiquiatr are 

introduced:  

 MedNuclear is now scheduled to Friday in the same route as Imagiolog since these MUs are 

situated adjacent to each other, which means they have similar routes, and their demands are 

small so it is possible to incorporate these MUs in the same route; 

 Psiqui+Pedopsiquiatr altered to Friday since this MU is located near Imagiolog, MedNuclear 

and MFR. Also, the demands of all these MUs are typically small, and therefore there is a 

chance to combine some of these MUs in the same route. 

 Neonatologia is scheduled to Thursday because it possesses a similar route to Bloco Partos, 

and since its demand is normally small there is a possibility to combine these MUs in the same 
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route. Moreover, in the current delivery map this MU was scheduled to Wednesday, and 

therefore was the only MU located in level 1 scheduled for that day. 
 

The new proposed schedule is presented in Table 5.5, containing the alterations to the current 

schedule shaded. It is worth mentioning that the proposed schedule is more day-balanced than the 

current one, which is beneficial both for the hospital and the employees because well-balanced 

workload normally leads to higher productivity.    

 

Table 5.5 – New proposed delivery schedule for the pharmacy. 

 

 

5.6.1.2. Employees’ Routes Algorithm 

This algorithm is a tool to assist the pharmacy assistants in the creation of their routes, and should 

be available in the pharmacy for staff guidance whenever needed. 

In the algorithm a route is created according to two types of events: the picking phase of the 

destination MU has ended or the end of a route. After one of these events, the creation of a route 

proceeds as described by the algorithm presented in Figure 5.5. 

This route creation algorithm operates like a sequence of filters, which uses a series of heuristics 

in order to select MUs to assign to a route. These heuristics were constructed for the pharmacy 

particular case based on process observation, and include the following: whenever the mobile car 

capacity to be used in the transportation has not been reached, the order that should be followed to 

choose an MU to integrate a route is - MUs from the same level, and only after this MUs from different 

hospital levels. 

Moreover, the assistant capacity has to be taken into account - typically, one assistant can 

transport one small, shelves, or large car, and the number of assistants required to transport a pallet 

varies between 1 and 2, depending on the load that needs to be transported. This means that for some 

routes, two assistants may be needed to perform the transportation, namely Urgência Central, UCI + 

Intermédios and Bloco Central, which all present demands higher than the capacity of one human 

resource. Therefore, in these cases two assistants are assigned to a route instead of one, but apart 

from this the process of creating the route proceeds according to the flowchart algorithm. 

PHARMACY DELIVERY SCHEDULE 

MON TUE WED THU FRI 

URGÊNCIA 
CENTRAL 

URGÊNCIA 
CENTRAL 

URGÊNCIA 
CENTRAL 

URGÊNCIA 
CENTRAL 

URGÊNCIA 
CENTRAL 

INTERNAMENTO P4 
(A) E (B) 

UCI + INTERMÉDIOS 
INTERNAMENTO P4 

(C) E (D) 
(INFECCIOLOGIA) 

BLOCO CENTRAL 
IMAGIOLOG+MEDNU

CLEAR 

BLOCO CENTRAL 
URGENCIA 

PEDIÁTRICA 
ESTERILIZAÇÃO 

INTERNAMENTO P3 
(C) E (D) 

MFR 

CE 2 MEDICINA 
INTERNAMENTO P3 

(A) E (B) 
ANATOMIA 

PATOLÓGICA 

INTERNAMENTO P2 
(C) E (D) 

(PEDIATRIA) 

PSIQUI+PEDOPSIQUI
ATR 

CE 3 CIRURGIA 
INTERNAMENTO P2 

(A) E (B) 
UNIDADE DE DOR BLOCO DE PARTOS UCI + INTERMÉDIOS 

CE 4 OBSTETRICIA   BLOCO DE PARTOS HDM DIÁLISE NEONATOLOGIA 
GINECOLOGIAOBST

ETRIC 

CE 5 
EXAMESESPECIAIS 

 HDM ONCOLOGIA   

HDC  CE 1 PEDIATRIA   
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Figure 5.5 – New proposed flowchart algorithm for the creation of routes in the pharmacy. 

 

Since this algorithm is quite simple, it can be used on a daily basis without software support. 

Also, having software support would increment the time taken to create routes since data about MU’s 

demands would have to be introduced, instead of experienced assistants making quick decisions 

following the flowchart available in the pharmacy. However, an excel support was designed (Appendix 

III) so that the changes proposed in this scenario can be evaluated, and for the pharmacy to have a tool 

that permits the assessment of other schedule, human resources or available equipment alterations 

that might be considered in the future. 

The excel support designed has different sheets corresponding to the weekdays, and each of 

them have a table with the MUs that should be supplied in that day along with the corresponding level 

in which the MUs are located in the hospital facilities. The user introduces the demands in terms of 

mobile cars, and the volume that the items occupy is automatically calculated.  The estimation of the 
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volume required for each MU (𝑣𝑀𝑈𝑖) was performed based on the approximate demand in terms of 

fractions of mobile cars (𝑑𝑖) combined with the platform dimensions of each mobile car 

(𝑙𝑖 , 𝑙𝑒𝑛𝑔𝑡ℎ, 𝑤𝑖 , 𝑤𝑖𝑑𝑡ℎ 𝑎𝑛𝑑 ℎ𝑖 , ℎ𝑒𝑖𝑔ℎ𝑡). 

 

𝑣𝑀𝑈𝑖 =  𝑑𝑖 × (𝑙𝑖 × 𝑤𝑖 × ℎ𝑖) 

 

After this, the routes creation can be initiated. Restrictions regarding mobile cars availability or 

other objectives such as using a certain mobile car as the preferred transportation mode should be 

taken into account in the routes creation process. A MU from the table is selected and assigned to a 

route, along with the volume occupied by its demand. Then, if the chosen mobile car capacity has not 

been reached, the user must choose a MU from the table belonging to the same level on the hospital 

facilities if this MUs’ demand is within the capacity constraint. And, only if there is no MU from the same 

level, other MUs are considered. This process is repeated until the mobile car has reached its capacity 

or there is no MU demand that can be transported in the same route that do not violate the constraints. 

The route creation ends when all the MUs to be supplied in that day are assigned to a route. 

The features and functioning details of this excel support are explained in greater detail in 

Appendix III. This tool is used in the next subchapter to evaluate the acquisition of new mobile cars.  

 

5.6.1.3. Mobile Cars Fleet  

In order to assess if acquiring new large mobile cars would have the desired outcome of 

consolidating a higher number of routes, the route creation excel support described above was used to 

obtain the routes for each weekday. It was considered that the preferred transportation modes were the 

pharmacy large mobile cars (0.78 m3 of capacity) and the warehouse cars whenever a MU route could 

not be transported using a single car (1.63 m3 of capacity), and that there was no restriction in the 

number of these mobile cars. The results obtained for each weekday are presented next. The excel 

support output contains the MUs to be supplied in each route, the total delivery volume, the car to be 

used and the number of human resources needed to perform the routes. 

 

 

Table 5.6 – Monday routes created with the excel support using large cars and large warehouse cars as 

the preferred transportation mode. 
 

ROUTE 
MUs 

 

TOTAL 
DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 BLOCO CENTRAL 1.56 1 LARGE WAREHOUSE 1 

2 
INTERNAMENTO P4 (A) 
INTERNAMENTO P4 (B) 

0.7 1 LARGE 1 

3 

CE 2 MEDICINA 
CE 3 CIRURGIA 

CE 4 OBSTETRICIA 
CE 5 EXAMESESPECIAIS 

0.61 1 LARGE 1 

4 
URGENCIA CENTRAL 

HDC 
1.39 1 LARGE WAREHOUSE 1 
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Table 5.7 – Tuesday routes created with the excel support using large cars and large warehouse cars as 

the preferred transportation mode. 
 

ROUTE 
MUs 

 

TOTAL 
DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 
INTERNAMENTO P2 (A) 
INTERNAMENTO P2 (B) 

0.7 1 LARGE 1 

2 
INTERNAMENTO P3 (A) 
INTERNAMENTO P3 (B) 

0.7 1 LARGE 1 

3 BLOCO PARTOS 0.35 1 SMALL 1 

4 
URGENCIA CENTRAL 

URGENCIA PEDIATRICA 
1.39 1 LARGE WAREHOUSE 1 

5 UCI + INTERMEDIOS 2.71 1 LARGE, 1 PALLET 2 
 

 

Table 5.8 – Wednesday routes created with the excel support using large cars and large warehouse cars 

as the preferred transportation mode. 
 

ROUTE MUS 
TOTAL 

DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 
ANATOMIA PATOLÓGICA 

ESTERILIZAÇÃO 
UNIDADE DE DOR 

0.26 1 SMALL 1 

2 
HDM DIÁLISE 

HDM ONCOLOGIA 
0.78 1 LARGE 1 

3 
URGENCIA CENTRAL 

CE 1 PEDIATRIA 
1.22 1 LARGE WAREHOUSE 1 

4 
INTERNAMENTO P4 (C) 
INTERNAMENTO P4 (D) 

0.7 1 LARGE 1 

 

Table 5.9 – Thursday routes created with the excel support using large cars and large warehouse 

cars as the preferred transportation mode.  
 

ROUTE MUs 
TOTAL 

DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 BLOCO CENTRAL 1.56 1 LARGE WAREHOUSE 1 

2 
BLOCO PARTOS 
NEONATOLOGIA 

0.61 1 LARGE 1 

3 
INTERNAMENTO P2 (C) 
INTERNAMENTO P2 (D) 

0.7 1 LARGE 1 

4 
INTERNAMENTO P3 (C) 
INTERNAMENTO P3 (D) 

1.13 1 LARGE WAREHOUSE 1 

5 URGENCIA CENTRAL 1.04 1 LARGE WAREHOUSE 1 

 

 

Table 5.10 – Friday routes created with the excel support using large cars and large warehouse 

cars as the preferred transportation mode.  
 

ROUTE 
MUs 

 

TOTAL 
DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 
IMAGIOL+MEDNUCLEAR 

MFR 
PSIQUI+PEDOPSIQUIATR 

0.7 1 LARGE 1 

2 
URGENCIA CENTRAL 

GINECOLOGIAOBSTETRIC 
1.3 1 LARGE WAREHOUSE 1 

3 UCI + INTERMEDIOS 1.93 1 LARGE, 1 PALLET 2 
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As can be observed by the results, the number of routes can be reduced by acquiring 3 new large 

warehouse mobile cars. There is no need to acquire large pharmacy mobile cars since there are already 

3 available in the pharmacy, and this is the maximum number needed per day. The number of routes 

for each day in the current situation and with the changes proposed in this scenario (new schedule, 

routes creation algorithm and acquiring 3 new large warehouse mobile cars) is presented in Table 5.11, 

along with the number of routes of each day that require 1 human resource and 2 human resources, in 

order to evaluate the impact of the scenario in resource efficiency. 

 

Table 5.11 – Number of daily routes performed by the assistants in the current situation vs with 

the changes proposed in scenario 1, the daily number of routes requiring 1 and 2 human resources, and 

the percentage of routes reduction achieved with scenario 1.  
 

 CURRENT SITUATION SCENARIO 1  

 
Routes 
number 

1 HR 
required 

2 HR 
required 

Routes 
number 

1 HR 
required 

2 HR 
required 

Routes 
reduction 

Mon 8 6 2 4 4 - 50.00% 

Tue 6 2 4 5 4 1 16.67% 

Wed 7 5 2 4 4 - 42.86% 

Thu 7 4 3 5 5 - 28.57% 

Fri 4 2 2 3 2 1 25.00% 

 

The changes proposed allow an average daily route reduction of 32.62%, and increased resource 

efficiency because in a single route an assistant completes the delivery of a higher number of MUs. In 

the current situation the average daily human resources needed per route is 1.41 and in this scenario 

this number drops to 1.10. And, therefore the acquisition of 3 new large warehouse mobile cars would 

have a great impact in the improvement of the pharmacy delivery process, reducing the number of 

routes and enhancing assistants’ efficiency. 

A delivery map that resulted from the process modifications proposed in this scenario and that 

should be available in the pharmacy for staff guidance is presented in Appendix IV. The routes displayed 

below were obtained by using the typical MUs demands in the route creation process, and therefore, 

the delivery map will have these routes into account. However, it is important that the pharmacy 

assistants recognise this and make any adjustments to the routes anytime a MU demand does not 

correspond to the MU typical demand. This delivery map will differ from the one presented in Appendix 

I, since the information about daily routes it needs to contemplate does not make the current structure 

of the delivery map suitable. The proposed delivery map will be a combination between the output of 

each day routes and the current delivery map. 

 

5.6.2. Scenario 2 

In this scenario the major change is the introduction of a transportation hub, which enables the 

creation of a single team responsible for the transportation and delivery of both the pharmacy and 

warehouse items to the destination MUs. The definition of all the aspects related to the team responsible 

for the transportation is addresses in section 5.7 (Social Design). As aforementioned, this hub has the 
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potential to reduce transportation and labor costs, improve resource utilization and consolidate the items 

from the pharmacy and warehouse, to be transported to the MUs (Van Belle et al., 2012).  

The alterations to the current process introduced by this scenario encompass plans for facilities 

enhancement, the transportation hub, which leads to alterations in the delivery schedules of the 

pharmacy and warehouse; and the introduction of a tool to assist the process of creating routes. 

 

5.6.2.1. Transportation Hub 

Cross-docking can be described as the process of consolidating freight with the same destination 

but coming from several origins, with the minimal handling and with little or no storage between 

unloading and loading of the goods. If the goods are stored, this should only be temporarily (Van Belle 

et al., 2012). And, therefore, the transportation hub which aims to consolidate the delivery of the items 

from the pharmacy and warehouse to the same destination MU, can be seen as a simplified cross-

docking zone, in which there are inbound and outbound mobile cars. This means that the design 

decisions and the optimal characteristics for this hub can be based on cross-docking literature and 

state-of-the-art. 

The plans for the creation of the transportation hub in the hospital facilities include decisions on 

three groups of characteristics: physical, operational and flow characteristics (Van Belle et al., 2012). 

 

Physical characteristics 

The first design decisions that have to be taken are related to the physical characteristics, namely 

to the hub location and layout. The location of the hub is a strategic decision, and the best choice is the 

one associated with lowest transportation costs. As this is a real case, the location is also determined 

by the available areas in level -1 of the hospital, since this is the level where both the pharmacy and 

warehouse are located, and therefore is associated with lowest transportation cost. The only area 

available in HBA to use for the creation of this hub is the robot station number 8 with 17.05 m2, in which 

approximately half of the space is already occupied as a robot reception station for the Laundry. This 

means that there are 8 m2 available for the transportation hub, with 3.2x2.5 m. Also, there is a location 

adjacent to this area which is available and where a pallet can be placed, except for once a month when 

the area is used for robot maintenance. The suitability of these areas and dimensions is going to be 

evaluated during the dimensioning of the hub when the minimum hub space required is presented. 

In Figure 5.6 the location of the area in level -1 available for the creation of the hub is presented, 

corresponding to the circle containing the number 8. Also, in the map, the locations of the pharmacy 

and warehouse are identified to facilitate the visualization of the distances between the three locations. 

The space available for the hub is in a perfect location to allow the consolidation of the routes 

with a low transportation cost. The space is situated in the corridors of the pharmacy and warehouse, 

enabling the assistants of both services to reach the hub in a reduced time. Also, all the routes 

performed by the warehouse, except the delivery route to supply the MU Imagiolog+MedNuclear, use 

the elevators located in the area of the available space, elevators 17 and 18, which means that the 

movements warehouse-hub-elevators are optimized. 
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Figure 5.6 – Map with the locations of the pharmacy, warehouse and the site available for the hub 

creation. 

 

Based on the dimensions and location of the site available for the hub two decisions were made. 

First, the hub should only be an area where pharmacy daily cars are temporarily stored until the 

transportation responsible team arrives with the warehouse items to aggregate both pharmacy and 

warehouse’s deliverables. This allows a reduction in the space required for the hub, since it just needs 

to accommodate the daily pharmacy cars. Secondly, the MUs located in level -1 (Esterilização, 

Anatomia Patológica and Unidade de Dor) should be directly supplied by the pharmacy, without storage 

in the hub, for two reasons – the warehouse does not supply two of them, and therefore consolidation 

of the pharmacy and warehouse items is not possible; and the time required to transport these MUs 

mobile cars to the hub and then from the hub to the respective MUs is higher than the pharmacy directly 

supplying these MUs. 

Regarding the layout, two decisions have to be made: the dimension and shape of the hub.  

The hub dimensions may be determined by several factors, including the following: 

 Daily space needed for temporary storage of the pharmacy mobile cars – an estimation 

should be made based on the typical MUs’ demands in terms of mobile cars, and the 

required space considering cars’ dimensions; 

 Space for assistants and items’ movement, this is size of the aisles - the area in between 

the mobile cars should be adequate enough to allow the assistants’ movement. 

 Area for unloading/loading of the mobile cars.   

 

The dimension and shape of the hub have to be considered simultaneously because the 

dimensions will depend on the shape chosen which interferes with the aisles width and where the 

unloading/loading area will stand.  

To calculate the daily space required by the pharmacy mobile cars, first the delivery schedules 

of the pharmacy and warehouse must be altered so that they are as similar as possible. Since the 

WAREHOUSE 

PHARMACY 

ELEVATORS 17 

AND 18 
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warehouse has a more predefined process and the delivery schedule has more specifications, this is 

picking and delivery hours pre-established, the pharmacy schedule is the one that will suffer the 

alterations to match as much as possible the warehouse schedule. Moreover, the pharmacy was the 

one proposing this project, and therefore its staff is more eager to change, resulting in better chances 

of this BPR being accomplished because as mentioned before, the social part of a reengineering project 

has a huge impact in its success.  

 

Rescheduling Process 

The rescheduling process involves changes introduced based on the need to coordinate the 

pharmacy and warehouse schedule and on the following aspects: 

 

1. The space occupied by the mobile cars in each day should be as balanced as possible 

because the space required corresponds to the maximum daily space needed, i.e to the day 

of the week in which more space is needed for mobile car storage in the hub. Since the 

available space for the hub has reduced dimensions, this has to be taken into account in the 

rescheduling process. 

2. Analysing the warehouse weekly demands, it is possible to observe that some MUs are 

supplied using pallets, such as Urgencia Central, Bloco Partos, UCI + Intermédios, HDC and 

Bloco Central. Given the fact that these pallets are already being transported with full 

capacity, and pallets are not adequate for transporting pharmacy items inside the majority of 

the MUs because of their size and difficulty of transportation, Bloco Partos and HDC, which 

are the MUs whose delivery is not scheduled to the same days as in the warehouse, are not 

going to be rescheduled to match the warehouse delivery days. Also, in the days in which 

they are currently scheduled, there is the possibility of transporting their items together with 

other MUs routes from the same level, which is more advantageous. 

3. HDM Oncologia, HDM Diálise, Psiqui+Pedopsiquiatr, MFR and all Internamentos routes are 

performed by a set of robots in the warehouse. In the case of Internamentos, it is not 

beneficial to coordinate their delivery with the pharmacy because the assistants already 

transport one full warehouse car by foot. Also, since there are only two deliveries per level 

because A and B, and C and D are delivered to the same advanced warehouse, and the 

assistants have to request the key of these and store the items transported by them and the 

robot, the coordination with the pharmacy for these routes is complicated. However, the MUs 

from the same level, that is all Internamentos P2, P3, and P4, were rescheduled to the same 

days, since this is the arrangement that allows for a reduced transportation time due to these 

routes consolidation, if the large warehouse car is used to perform the routes. The schedule 

proposed in scenario 1 was used as a base and modifications were introduced so that the 

MUs from the same level were scheduled to the same weekdays. 

4. For HDM Oncologia, HDM Diálise, Psiqui+Pedopsiquiatr and MFR, the assistants need to 

request the key and store these MUs’ items in the corresponding advanced warehouse, and 

since they do not transport any car as in the case of the MUs Internamentos, they can 
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transport the pharmacy items to the MUs. Having this into account, Psiqui+Pedopsiquiatr and 

MFR were rescheduled to Wednesday.  

5. The schedule that resulted from the above described rescheduling process of the pharmacy 

is presented in Table 5.12. The changes introduced to match the warehouse schedule are 

shaded in blue and the ones resulting from the rescheduling process for Internamentos 

routes consolidation are shaded in green.  

 

Table 5.12 – New proposed pharmacy schedule. 

 

 

Space Estimation and Associated Layout 

Considering the mobile cars dimensions and the MUs daily demands, an estimation of the space 

needed for each day in the hub can be accomplished. It is important to note that even if a MU demand 

is 1/2 of a certain type of car, the space needed in the hub corresponds to the total car dimensions. 

Moreover, it is considered that the pallet to transport to UCI + Intermédios on Tuesday and Friday is 

placed in the mentioned area outside the hub. Next, the space required in each day of the week is 

presented.  

 

 

 MON TUE WED THU FRI 

ESTERILIZACAO   1/4 SMALL CAR   

ANATOMIA PATOLÓGICA 
  1/2 SMALL CAR   

UNIDADE DE DOR 

URGENCIA PEDIATRICA   1 SMALL CAR     

URGENCIA CENTRAL 
1SHELVES 

CAR+1LARGE CAR 
1SHELVES 

CAR+1LARGE CAR 
1SHELVES 

CAR+1LARGE CAR 
1SHELVES 

CAR+1LARGE CAR 
1SHELVES 

CAR+1LARGE CAR 

IMAGIOLOG+MEDNUCLEAR   1/4 SMALL CAR   

PSIQUI+PEDOPSIQUIATR   1 SMALL CAR   

MFR     1 SHELVES CAR    

HDM DIALISE  
 

 
 

1LARGE CAR 
 
 

 
 HDM ONCOLOGIA 

CE 1 PEDIATRIA 1/2 SMALL CAR     

CE 2 MEDICINA 
1/2 SHELVES CAR     

CE 3 CIRURGIA 

HDC  1 SMALL CAR       

BLOCO CENTRAL 2 LARGE CARS     2 LARGE CARS   

UCI + INTERMEDIOS 
  

1LARGE 
CAR+1PALLET     

1LARGE 
CAR+1PALLET 

BLOCO PARTOS  1 SMALL CAR  1 SMALL CAR   

NEONATOLOGIA      1 SHELVES CAR   

GINECOLOGIAOBSTETRIC       1 SHELVES CAR  

CE 4 OBSTETRICIA 

 
1 SMALL CAR 

      CE 5 EXAMESESPECIAIS 

INTERNAMENTO P2 (A) 
  
  

1 SMALL CAR+1 
SMALL CAR 

  
  

  
  

  
  INTERNAMENTO P2 (B) 

INTERNAMENTO P2 (C) 

  
  

1 SMALL CAR+1 
SMALL CAR   

  

   
  

INTERNAMENTO P2 (D) 
(PEDIATRIA) 

INTERNAMENTO P3 (A)  
 

   
  

1 SMALL CAR+1 
SMALL CAR 

  
  INTERNAMENTO P3 (B) 

INTERNAMENTO P3 (C) 

  
  
  

  
  

1 LARGE CAR+1 
SMALL CAR 

  
  INTERNAMENTO P3 (D) 

INTERNAMENTO P4 (A) 
 

  
  

1 SMALL CAR+1 
SMALL CAR   

  
  INTERNAMENTO P4 (B) 

INTERNAMENTO P4 (C) 

   
  

1 SMALL CAR+1 
SMALL CAR 

  
  

  
  

INTERNAMENTO P4 (D) 
(INFECCIOLOGIA) 
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Table 5.13 – Daily mobile car space required in the hub for each day. 

 

Week Day Total Space Required 

Monday 4.98 m2 

Tuesday 5.80 m2 

Wednesday 6.80 m2 

Thursday 7.53 m2 

Friday 2.43 m2 

 

The mobile cars space required on weekdays is well balanced except for Thursday and Friday. 

On Thursday the total space required is considerably higher than the rest of the week days, and 

therefore it was analysed if the hub could accommodate the mobile cars required for Wednesday, which 

is the second highest amount of space required, to verify if it would be beneficial to alter a MU from 

Thursday to Friday, since this is the day in which less space is required in the hub. As can be observed 

in Figure 5.7, there is no possible layout that would allow to position all mobile cars inside the hub when 

6.80 m2 are occupied by mobile cars, and consequently there is no need to reschedule an MU from 

Thursday to Friday. 

 

Figure 5.7 – Hub space required by mobile cars on Monday. 

 

Considering this, the maximum space required by the mobile cars corresponds to 7.53 m2, which 

as observed before, given the dimensions of the space available for the hub, does not allow the storage 

of the mobile cars, and space for assistants and items’ movement. And, therefore, there is one option 

that can solve this problem:  the space available is used but instead of storing the MUs items in the 

pharmacy mobile cars, which occupy a high amount of space, other storage options are studied such 

as racks with shelves  

To analyse if the storage option of using racks with shelves is adequate and has enough capacity 

to accommodate the MUs daily demand, the estimations of the volume required for each MU performed 

in scenario 1 were used. 
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The results obtained for the daily volume required for each day are presented in Table 5.14. 

 

Table 5.14 – Daily storage volume required in the hub for each day. 

 

 

 

 

 

 

 

 

This means that the hub should have a minimum storage volume of 5.27m3. The storage option 

that is going to be evaluated is, as aforementioned, the rack with shelves. There are several factors that 

contributed to choosing this as the best option for the hub: 1) the items that need to be stored 

correspond to light, pharmaceuticals, and medium loads, large volumes, which means that the items 

can be easily stored in rack shelves; 2) space utilization and accessibility can be maximized because 

there are several options of dimensions, which can be adapted to the hub needs. Also, since this option 

has typically smaller dimensions than other storage alternatives, it allows for a greater flexibility in 

reduced spaces, allowing the possibility of creating more aisles, enhancing items’ accessibility. 

It exists numerous alternatives concerning racks with shelves in the market, and after careful 

consideration the rack shelves commercialized by Mecalux with a reference name of Picking Shelves 

Rack M3, displayed in Figure 5.8, were chosen to be analysed in this specific case because it allows a 

superior flexibility since several options concerning sizes, components, and installation decisions are 

available, which is exactly what is needed for spaces where maximizing utilization is the most important 

factor as this hub. 

There are several rack dimensions available as mentioned before, three different lengths and 

four widths – 1000, 1250 and 1400 mm, and 300, 400, 500 and 600 mm, respectively; and several 

heights such as 1000, 1500, 2000, until 8000 mm. Moreover, the racks possess lateral grooves every 

25 mm to place shelves in a manner that best fits the storage needs. And therefore, different layouts, 

with rack shelves from different dimensions can be tested in order to find the most suitable layout for 

the hub. 

Since the hub will have the pharmacy items stored in racks and the delivery team has to manually 

pick these items and load them in the mobile cars for transportation to the destination MU, the design 

of the hub layout structure can be executed as for a manual order picking small warehouse. Actually 

the only difference will be that the team will not have to pick items from several locations in the hub, 

since the pharmacy assistants will store the items for a certain MU in only a specific rack location. 

 

 

Week Day Total Volume Required 

Monday 3.23 m3 

Tuesday 3.54 m3 

Wednesday 4.59 m3 

Thursday 5.27 m3 

Friday 1.81 m3 
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Figure 5.8 – Picking Shelves Rack M3 design example, retrieved from Mecalux M3 catalogue. 

Available in https://l3.cdnwm.com/ip/mecalux-estantes-estante-para-picking-catalogo-estantes-picking-m3-

mecalux-1037492.pdf. 

 

According to Henn et al. (2013), the most common layouts for distribution storage warehouses 

are the single-block layout and the two-block layout, which are presented in Figure 5.9. The first consists 

of a number of vertical aisles arranged in parallel to each other and two horizontal cross aisles located 

in the front and in the back of the warehouse to allow the movement between aisles. In this layout, the 

order pickers can transport the picking device, such as a mobile car, between all aisles and therefore 

the aisles width has to sufficient to allow picking devices free movement. The two-block layout 

comprises a vertical central aisle that divides two horizontal blocks of storage aisles. The depot should 

give access to the central aisle. In this layout, the picking device can only be transported in the central 

aisles and the order picker has to enter the horizontal picking aisles without the device. This allows for 

reduced aisles width because the picking aisles can be kept narrow since they only need to allow 

movements from the order pickers. And, therefore, this layout space requirement is relatively small, 

needing less space than the single-block layout (Henn et al., 2013). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.9 – Common layouts for manual order picking warehouses: single block (left) and two-block 

layout (right), adapted from Henn et al. (2013). 
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It is relevant to note that these layouts were studied for order picking warehouses where the order 

pickers would have to travel with the picking device along the vertical aisles in the single-block layout 

and through the central aisles in the case of the two-block layout to execute picks in different locations, 

and therefore these layouts take this into account and are designed to optimize order pickers routes. 

Since this is not the case with the hub, some adaptations to the layouts were studied in order to find the 

best hub possible layout.  

Given these into account and the fact that the space available is reduced, the primary goal is 

space maximization to allow a suitable storage capacity and the assistants and mobile cars’ movement, 

and therefore versions of the two layouts were analysed. In the case of the single-block, the back aisle 

is eliminated and the front aisle is replaced by a space where the inbound and outbound mobile cars 

can be placed during unloading and loading, respectively. Also, the vertical aisles are narrower since 

in the hub case no picking device is to be transported throughout the aisles. In the two-block layout, the 

last storage aisle is uninterrupted, without the central aisle in between, in order to maximize space 

utilization. Moreover, the central aisle was designed to permit only one-way movement of mobile cars 

at a certain time, because space restrictions do not allow two cars to fit in the aisle side by side. For 

both layouts was considered that manual picking aisles width should not be less than 0.50m to allow 

assistants’ movements, since typically this value is 0.60m according to Henn et al. (2013). Moreover, 

the space for unloading/loading should have enough capacity to fit the car with greatest dimensions, 

which is the large car operated by the warehouse, which has the following dimensions, as 

aforementioned: 1.25x0.85x1.70 m.  

The two hub layout alternatives that showed better results are presented below, one corresponds 

to a single-block version (Layout 1) and the other to a two-block layout (Layout 2).  

 

Figure 5.10 – Two alternative layouts considered for the hub, with all the dimensions 

specified. 

 

The layouts were built using SmartDraw® software, and the rack shelves dimensions used in 

each layout were chosen with the goal of maximizing the storage volume available and respecting the 

minimum aisle width restriction. Also, the racks’ height selected was 2m since this height is considered 
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adequate for manual picking given the average assistants’ height and their manual reachable height. 

Also, if it is necessary a ladder is available to help the assistants reach the higher shelves of the racks. 

The number of shelves selected for each rack is 4 to facilitate the storage of the large volumes 

packages in each shelf, since these are the ones that occupy a greater volume. Also, these number of 

shelves optimizes storage capacity permitting a good load distribution, since each shelf occupies 0.05 

m, reducing the height available for storage to 1.80 m. 

Layout 1 comprises 4 racks with 1.25x0.5x2.0 m and 2 with 1.0x0.5x2.0 m, having a total storage 

volume of 6.3 m3, having into account the space occupied by the shelves. Layout 2 has 5 racks of 

1.0x0.4x2 m, 4 of 1.0x0.3x2 m, which sums to 5.76 m3 of storage volume. The two layouts have storage 

volumes above the minimum storage needed for the pharmacy daily demands (5.27 m3), and therefore 

are suitable layouts for the hub. It is important to mention that it is advantageous to have a hub storage 

capacity higher than the minimum needed because the items’ packages differ in size and shape and 

therefore it is unlikely that the full capacity of the rack shelves is utilized. 

Analysing the two layouts, layout 1 is the one that best fits HBA needs since: 1) there is more 

space available for assistants and mobile cars movement because of the existence of a large area for 

mobile cars unloading/loading, which has enough space to fit two large mobile cars and allow their 

movement without restrictions, whereas in layout 2 there is only space for a single large mobile car in 

the central corridor 2) the picking aisles width is greater, resulting in enhanced accessibility and 

permitting that items in different locations of the aisle ca n be accessed easily at the same time. 3) the 

storage capacity is slightly higher than the one from layout 2, which allows for more flexibility taking into 

account that the MUs demands considered for the dimensioning were approximate demands in terms 

of mobile cars that have a certain uncertainty associated. 4) the primary reason is related to the fact 

that the relation between storage capacity and assistants/mobile cars’ movement space is better in 

layout 1, which is exactly what is needed in the case of this transportation hub. 

 

Operational characteristics 

Normally, in cross-docking the operational characteristics that should be defined are related to 

the cross-dock service mode, that is the assignment of inbound and outbound transportation modes to 

dock doors (Belle, 2012). However, in the hub case since there is only one depot, this aspect does not 

need to be taken into account because inbound and outbound mobile cars are processed using the 

same door. 

Nonetheless, other operational decision that should have an impact in the functioning of the hub 

need to be considered – the mobile cars used by the team responsible for the pharmacy and warehouse 

items’ delivery. Currently, the car fleet is heterogeneous, comprising cars with different capacities, as 

aforementioned. However, with the primary goal of consolidating the two services’ delivery, the option 

of having a fleet of mobile cars with greater capacity to allow the transportation of both pharmacy and 

warehouse items should be considered. 

The transport mode currently used which has a higher capacity is the pallet. However, pallets are 

not adequate for transporting pharmacy items inside MUs because of their size and difficulty of 

transportation. And, therefore, the mobile cars used by the warehouse, with dimensions of 
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1.25x0.85x1.70 m and 1.63 m3 of total capacity, are the mode of transportation already available in 

HBA that has the highest capacity and is more suitable to be used as outbound transport mode of the 

hub for pharmacy and warehouse items’ transportation. 

Other option would be for HBA to acquire a new fleet of mobile cars with greater capacity, if this 

allows for the aggregation of a higher number of pharmacy and warehouse delivery routes. However, 

since the warehouse car dimensions are already considerable and its transportation by one human 

resource is a challenging task, it is not advisable to acquire larger mobile cars. 

An evaluation of the pharmacy and warehouse MUs that could potentially be incorporated in the 

same route was conducted, having into account the MUs typical demands and that the warehouse 

mobile cars are used as transportation mode. Table 5.15 contains this analysis for all the MUs whose 

routes could be potentially joined, that is all common delivery MUs with exception from MUs located in 

level -1 and Internamentos.  

The table displays the warehouse and pharmacy demands for the MUs, and the combined total 

volume if there is the possibility of aggregating the demands in the same route. The MUs presented 

first are the ones whose routes can be consolidated without violating the capacity restriction of the 

warehouse mobile cars. The ones whose items volume is shaded in light grey represent the MUs whose 

routes there is a possibility to join. This means that the items volume surpasses the car capacity by 

10%, which since the demands used for items volume estimations are typical demands that contain a 

certain level of uncertainty along with the fact that they are given in terms of fractions of mobile car and 

therefore are normally overestimated, it might be possible to join the two MUs demands in the same 

route for most of the days. The MUs items volume that is shaded in dark grey means that the two 

demands exceed greatly the capacity constraints, and therefore it is not possible to aggregate their 

routes. 

The results demonstrate that 7 MUs routes can be consolidated, 4 have a high possibility of being 

aggregated and that 5 due to capacity constraints, already mentioned, cannot be joined in the same 

route. However, for the 5 MUs whose pharmacy and warehouse items delivery cannot be performed in 

the same route, there is a possibility to include Bloco Partos and HDC, which are the ones with lower 

pharmacy demands, in other routes scheduled for the same day, if some cars capacity constraint has 

not been reached. The route creation algorithm, quite similar to the one proposed in scenario 1 as 

aforementioned, is going to be addressed in the next subsection to support flow characteristics 

decisions, and therefore the routes for each day will be obtained. 

The analysis conducted shows that the warehouse mobile cars allow the aggregation of a 

satisfying number of pharmacy and warehouse MUs delivery routes. Relevantly, the majority of these 

MUs (CEs and Urgencia Pediatrica) have common pharmacy and warehouse delivery sites, which is 

an increased motivation to consolidate these routes.  
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Table 5.15 – Analysis of possible MUs pharmacy and warehouse route consolidation. 

 

MUs 
WAREHOUSE 

DEMAND 
PHARMACY DEMAND 

ITEMS 
VOLUME (M3) 

URGENCIA PEDIATRICA 1/2 CAR 1 SMALL CAR 1.17 

PSIQUI+PEDOPSIQUIATR - 1 SMALL CAR 
0.61 

MFR - 1 SHELVES CAR 

HDM DIALISE - 
1 LARGE CAR 0.78 

HDM ONCOLOGIA - 

CE 1 PEDIATRIA 1/2 CAR 1/2 SMALL CAR 0.99 

CE 2 MEDICINA 1/2 CAR 1/4 SHELVES CAR 0.88 

NEONATOLOGIA 1/4 CAR 1 SHELVES CAR 0.67 

GINECOLOGIAOBSTETRIC 3/4 CAR 1 SHELVES CAR 1.48 

CE 3 CIRURGIA 1 CAR 1/4 SHELVES CAR 1.70 

CE 4 OBSTETRICIA 1 CAR 1/2 SMALL CAR 1.80 

CE 5 EXAMESESPECIAIS 1 CAR 1/2 SMALL CAR 1.80 

IMAGIOLOG + 
MEDNUCLEAR 

1 CAR 1/4 SMALL CAR 1.72 

BLOCO CENTRAL 1 PALLET 2 LARGE CARS - 

UCI + INTERMÉDIOS 1 PALLET 
1 LARGE CAR + 1 

PALLET 
- 

BLOCO PARTOS 1 PALLET 1 SMALL CAR - 

HDC 1 PALLET 1 SMALL CAR - 

URGENCIA CENTRAL 1 PALLET + 1 CAR 
1 SHELVES CAR + 1 

LARGE CAR 
- 

 

 

Flow characteristics 

Regarding flow characteristics, two important aspects need to be defined when designing a 

transportation hub – arrival pattern and departure time. And, therefore, these two features are going to 

be analysed next. 

 

Arrival Pattern 

The arrival pattern is related to the way the inbound vehicles arrive at the hub. Two options can 

be considered, either concentrated, which means the inbound mobile cars arrive together at more or 

less the same times, or scattered if the inbound mobile cars arrive at different times during the day 

(Belle, 2012). 

In the hub case, the objective is to follow the warehouse schedule as rigorously as possible, and 

therefore the arrival pattern of the pharmacy mobile cars must be as consistent as possible with the 

warehouse delivery times. This means that a picking timetable for the pharmacy must be established 

so that the picking of the MUs whose mobile cars should be delivered in the hub at an earlier time is 

performed first. To create this timetable, it is necessary to obtain the routes for each day, to know which 

MUs should the pharmacy perform the picking first. Also, it is of foremost importance to obtain the routes 

in order to determine which MUs routes from the warehouse can be initiated without going to the hub 

first because there is no other MU demand that can be transported in the same car. For this effect, a 

scheduling flowchart algorithm similar to the one from scenario 1, displayed in Figure 5.11, was used. 

Equivalently to the one from scenario 1, this route creation algorithm functions like a sequence 

of filters, which uses a set of heuristics to select MUs to assign to a route. These contemplate the 
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following order to assign MUs to routes without reaching the transportation car capacity constraint: 

demands to the same destination MU from the warehouse and the pharmacy, MUs from the same level, 

and lastly MUs from different levels in HBA facilities. As abovementioned, if a car corresponding to a 

certain MU is already with full capacity, the route can be initiated to the respective destination MU, 

without passing through the transportation hub. 

 

 
 

 

Figure 5.11 – New proposed flowchart algorithm for the creation of routes for warehouse and 

pharmacy items delivery. 
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To obtain the routes for each weekday, an excel support analogous to the one from scenario 1 

was employed the only difference being that in this case the heuristics to be followed when selecting a 

MU to insert in a certain route are the ones abovementioned. The preferred transportation mode, in this 

case, is the warehouse mobile car, and it was considered that if the MUs total delivery volume only 

surpasses the car capacity by 10%, these MUs could be incorporated in the same route due to the fact 

that typically the demands considered for the MUs are unfavourable because they are most likely 

overestimated, as already mentioned. 

 

Table 5.16 – Monday routes created with the excel support using large warehouse cars as the preferred 

transportation mode. 

ROUTE MUs 
TOTAL 

DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 
CE 1 PEDIATRIA (P) 
CE 1 PEDIATRIA (W) 

1.00 1 LARGE WAREHOUSE 1 

2 
CE 2 MEDICINA (P) 
CE 2 MEDICINA (W) 

0.91 1 LARGE WAREHOUSE 1 

3 
CE 3 CIRURGIA (P) 
CE 3 CIRURGIA (W) 

1.70 1 LARGE WAREHOUSE 1 

4 
URGENCIA CENTRAL (P) 

HDC (P) 
1.39 1 LARGE WAREHOUSE 1 

5 BLOCO CENTRAL (P) 1.56 1 LARGE WAREHOUSE 1 

6 URGENCIA CENTRAL (W) 3.56 
1 LARGE WAREHOUSE, 

1 PALLET 
2 

7 URGENCIA PEDIATRICA (W) 0.82 1 LARGE WAREHOUSE 1 

8 BLOCO CENTRAL (W) 1.93 1 PALLET 2 

9 UCI + INTERMÉDIOS (W) 1.93 1 PALLET 1-2 

10 BLOCO PARTOS (W) 1.93 1 PALLET 1 
 

 

 

Table 5.17 – Tuesday routes created with the excel support using large warehouse cars as the preferred 

transportation mode. 

ROUTE MUs 
TOTAL 

DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 
URGENCIA CENTRAL (P) 

BLOCO PARTOS (P) 
1.39 1 LARGE WAREHOUSE 1 

2 
CE 4 OBSTETRICIA (P) 
CE 4 OBSTETRICIA (W) 

1.80 1 LARGE WAREHOUSE 1 

3 
CE 5 EXAMESESPECIAIS (P) 
CE 5 EXAMESESPECIAIS (W) 

1.80 1 LARGE WAREHOUSE 1 

4 UCI + INTERMÉDIOS (P) 2.71 
1 LARGE WAREHOUSE, 

1 PALLET 
2 

5 HDC (W) 1.93 1 PALLET 1 

6 BLOCO CENTRAL (W) 1.93 1 PALLET 2 

7 UCI + INTERMÉDIOS (W) 1.93 1 PALLET 1-2 

8 
NEONATOLOGIA (W) 

GINECOLOGIAOBSTETRICIA 
(W) 

1.63 1 LARGE WAREHOUSE 1 

9 

INTERNAMENTO P2 (A) (P) 
INTERNAMENTO P2 (B) (P) 
INTERNAMENTO P2 (C) (P) 
INTERNAMENTO P2 (D) (P) 

1.4 1 LARGE WAREHOUSE 1 
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Table 5.18 – Wednesday routes created with the excel support using large warehouse cars as the 

preferred transportation mode. 

ROUTE 
MUs 

 

TOTAL 
DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 
HDM DIALISE (P) 

HDM ONCOLOGIA (P) 
0.78 1 LARGE WAREHOUSE 1 

2 
PSIQUI+PEDOPSIQUIATR (P) 

MFR (P) 
0.61 1 LARGE WAREHOUSE 1 

3 URGENCIA CENTRAL (P) 1.04 1 LARGE WAREHOUSE 1 

4 
URGENCIA PEDIATRICA (P) 
URGENCIA PEDIATRICA (W) 

1.17 1 LARGE WAREHOUSE 1 

5 
IMAGIOLOG+MEDNUCLEAR (P) 
IMAGIOLOG+MEDNUCLEAR (W) 

1.72 1 LARGE WAREHOUSE 1 

6 BLOCO CENTRAL (W) 1.93 1 PALLET 2 

7 BLOCO PARTOS (W) 1.93 1 PALLET 1 

8 

INTERNAMENTO P4 (A) (P) 
INTERNAMENTO P4 (B) (P) 
INTERNAMENTO P4 (C) (P) 
INTERNAMENTO P4 (D) (P) 

1.4 1 LARGE WAREHOUSE 1 
 

 

 

Table 5.19 – Thursday routes created with the excel support using large warehouse cars as the preferred 

transportation mode. 

ROUTE 
MUs 

 

TOTAL 
DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 URGENCIA CENTRAL (P) 1.04 1 LARGE WAREHOUSE 1 

2 
BLOCO PARTOS (P) 
NEONATOLOGIA (P) 
NEONATOLOGIA (W) 

1.02 1 LARGE WAREHOUSE 1 

3 
GINECOLOGIAOBSTETRIC (P) 
GINECOLOGIAOBSTETRIC (W) 

1.48 1 LARGE WAREHOUSE 1 

4 BLOCO CENTRAL (P) 1.56 1 LARGE WAREHOUSE 1 

5 HDC (W) 1.93 1 PALLET 1 

6 BLOCO CENTRAL (W) 1.93 1 PALLET 2 

7 UCI + INTERMÉDIOS (W) 1.93 1 PALLET 1-2 

8 
INTERNAMENTO P4 (A) (P) 
INTERNAMENTO P4 (B) (P) 

0.7 1 LARGE WAREHOUSE 1 

9 
INTERNAMENTO P4 (C) (P) 
INTERNAMENTO P4 (D) (P) 

1.83 1 LARGE WAREHOUSE 1 
 

 

Table 5.20 – Friday routes created with the excel support using large warehouse cars as the preferred 

transportation mode. 

ROUTE 
MUs 

 

TOTAL 
DELIVERY 
VOLUME 

CAR 
USED 

HR 

1 
URGENCIA CENTRAL (P) 

URGENCIA PEDIATRICA (W) 
1.86 

1 LARGE 
WAREHOUSE, 1 

SHELVES 
2 

2 UCI + INTERMÉDIOS (P) 2.71 1 LARGE, 1 PALLET 2 

3 BLOCO PARTOS (W) 1.93 1 PALLET 1 

4 BLOCO CENTRAL (W) 1.93 1 PALLET 2 

5 UCI + INTERMÉDIOS (W) 1.93 1 PALLET 1-2 

 

 

The results obtained with the route creation support tool are the product of the changes 

introduced in this scenario. From these, the number of routes obtained for the common delivery MUs 
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of the pharmacy and warehouse (except for MUs located in level -1 and the warehouse MUs 

Internamentos), can be compared with the current route number of the pharmacy (PR) and the 

warehouse (WR), when performing these routes independently (Table 5.21). The changes introduced 

in this scenario allow for an average daily route reduction of 30.86%. 

 

Table 5.21 – Number of daily routes to the common delivery MUs of the warehouse and pharmacy 

in the current situation, WR and PR, respectively, and the number of combined routes (CR) obtained with 

the changes proposed in scenario 2. The percentage of routes reduction is also presented.  
 

 WR PR 
Total 

Routes 
CR 

Routes 
Reduction 

Mon 7 8 15 10 33.33% 

Tue 6 6 12 9 25.00% 

Wed 7 5 12 8 33.33% 

Thu 4 7 11 9 18.18% 

Fri 5 4 9 5 44.44% 

 

From the daily routes results obtained, it is also possible to detect which warehouse routes can 

be initiated without going to the hub: Monday, route 6-10; Tuesday, route 5-8; Wednesday, route 6 and 

7; Thursday, route 5-7; and Friday, route 3-5.  Furthermore, the pharmacy picking order for each 

weekday was established, Table 5.22, considering the routes in which each MU is inserted and the 

defined warehouse delivery times.  

 

Table 5.22 – Pharmacy picking order for each workday. 

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 

CE 1 PEDIATRIA 
(10H00) 

CE 4 OBSTETRICIA 
(10H45) 

URGENCIA PEDIATRICA 
(9H30) 

BLOCO PARTOS 
URGENCIA 
CENTRAL 
(09H30) 

CE 2 MEDICINA 
(10H00) 

CE 5 
EXAMESESPECIAIS 

(11H00) 
HDM ONCOLOGIA 

NEONATOLOGIA 
(10H45) 

UCI + 
INTERMEDIOS 

CE 3 CIRURGIA 
(10H15) 

URGENCIA CENTRAL 
HDM DIALISE 

(9H30) 
GINECOLOGIAOBSTETRIC 

(10H45) 
  

URGENCIA 
CENTRAL 

BLOCO PARTOS PSIQUI + PEDOPSIQUIATR URGENCIA CENTRAL   

HDC  UCI + INTERMEDIOS 
MFR 

(10H15) 
BLOCO CENTRAL   

BLOCO CENTRAL INTERNAMENTOS P2 
IMAGIOLOG+MEDNUCLEAR 

(12H00) 
INTERNAMENTO P4 (A) 

& (B) 
  

  URGENCIA CENTRAL 
INTERNAMENTO P4 (C) 

& (D) 
 

    INTERNAMENTOS P4    

 

The MUs presented in white cells correspond to the ones whose route coordination with the 

warehouse is possible, and therefore, the picking order presented should be followed. The delivery 

times pre-established by the warehouse for the MUs present in these routes are displayed in brackets. 

The pharmacy assistants should transport the MUs items to the hub once the picking is finalized. The 

MUs, which are displayed in the same cell belong to the same route, and therefore their items should 

only be transported to the hub when both MUs picking has ended. For the MUs shaded in blue, their 

routes do not include any warehouse items, and therefore their picking order is not relevant, but once 
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again whenever the picking of a MU or group of MUs (if more than one MU belongs to the same route) 

ends, the pharmacy assistants should transport the items to the hub and stored them in the respective 

shelves.    

 

Departure Time 

The departure time of both the inbound and outbound vehicles in a hub can be restricted or not. 

Normally, there are no restrictions and the vehicles leave the hub when after all the goods have been 

unloaded or loaded. However, it is possible that the vehicles have to leave the hub at some predefined 

times (Belle, 2012). 

 In this hub case, the inbound mobile cars should leave the hub once the assistant has unloaded 

the transportation car and stored the MU(s) items in the rack shelves. Regarding the outbound 

warehouse mobile cars, the departure times have to respect the time windows to deliver the items to 

the MUs, which in case of the warehouse is until 13h00 and in the pharmacy until 15h00, as aforesaid. 

However, since the assistants shift ends at 13h00, normally in both services the maximum time for 

goods delivery is at this hour. Also, the departure time will depend on the routes defined and the delivery 

times already established for the warehouse MUs. 

. The average picking time per MU in the pharmacy corresponds 20 minutes (7.5 minutes for the 

large volumes and 20 minutes for the medicines, which means that the overall picking time is the greater 

value of these two). These values were estimated having into account the average daily number of MUs 

for which the pharmacy executes picking, and the average daily time taken by the assistants to perform 

the picking of all MUs. 

Given the picking start time in the pharmacy, typically 9h30, and the picking time per MU 

combined with the time taken to transport the MUs items to the hub (~ 5 minutes, 2 minutes for the 

pharmacy-hub route plus 3 minutes to unload the mobile car and store the items in the rack shelves), it 

is desirable that the earliest departure time in the hub is around 10h00 to assure that the picking and 

transportation of the pharmacy MUs items have been completed. 

With this in mind, the warehouse delivery times for Tuesday and Thursday, in the routes including 

pharmacy MUs can be maintained. For Monday and Friday, it is advisable to delay the earliest delivery 

time by 30 minutes, and have an interval of 20-30 minutes between each delivery time. Lastly, on 

Wednesday, the first three earliest delivery times should also be delayed, so that the pharmacy picking 

of all MUs has the possibility to occur. Accordingly, Urgência Pediátrica delivery time should be altered 

to 10h00, HDM Diálise and HDM Oncologia to 10h30, and Psiqui+Pedopsiquitar and MFR to 11h00.  If 

any inbound pharmacy car arrives later than the times pre-established, the outbound warehouse cars 

should wait and perform the routes of other MUs, which are ready for delivery. However, if the pharmacy 

items are not in the hub before the time necessary for the team to complete the delivery during the 

warehouse delivery time window, the outbound transportation car should leave the hub and the 

pharmacy MU items are distributed in other route. 

As conclusion, the changes proposed in this scenario allow an average daily route reduction of 

30.86%, as aforementioned, and possibly increased resource efficiency because a single team is 

responsible for both pharmacy and warehouse delivery. In the next section, an evaluation of the number 
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of employees required to complete all routes is conducted, and therefore, resource efficiency will be 

analysed with greater detail next. Nonetheless, this scenario has a great impact in the improvement of 

the two deliverables internal transportation, reducing the number of routes and allowing the pharmacy 

staff to be available to perform other needed tasks at an earlier time. 

The warehouse delivery map which contemplates the changes introduced in this scenario is 

available in Appendix V. The indication of the warehouse routes that should pass through the hub and 

the warehouse delivery times modifications for assistants’ guidance are the new features introduced. 

 

5.7. Step 7 – Social design 

This phase of the framework is remarkably important and refers to the social dimension of the 

proposed reengineered scenarios, which contribute to the success of the projected technical design. 

It comprises the changes that should be introduced by the two scenarios from the staff’s point of 

view. Also, the HR required for the correct functioning of the redesigned processes is considered along 

with possible staff resistance to the changes proposed. 

 

5.7.1. Scenario 1 

This scenario is expected to produce significant benefits for HBA and improve the pharmacy 

delivery process in terms of resource efficiency and reduce delivery times, However, the selected 

modifications are not expected to alter the daily routine of the pharmacy assistants in a great extent. 

Moreover, as aforementioned, since this BPR was proposed by the HBA Head of Pharmacy, the 

pharmacy staff is more willing to change, and the majority of the employees are aware of some of the 

problems and wasteful activities pointed out. 

In this scenario, the pharmacy assistants perform the exact same tasks as in the current process. 

The only alterations are related to the new delivery schedule, the introduction of new mobile cars to 

perform the transportation, and the tool to assist route creation. Given that these modifications do not 

affect the tasks performed by the assistants, such as picking and transportation of items to MUs, 

resistance to change is not likely to be felt. However, proper communication of the changes proposed, 

with the reasons behind each decision and its benefits might be useful for staff collaboration, which is 

essential to guarantee the success of this proposed solution. 

In terms of the number of human resources required for this solution, two options exist and HBA 

pharmacy should choose which one best fits their needs: 

 

1) All the assistants currently performing the transportation and delivery to MUs task, normally 

3, continue performing this function, meaning that the duration is greatly reduced, and the 

assistants are free to perform other tasks after this is completed. 

2) Only a fraction of the assistants (1 or 2, depending on the weekday since there are routes on 

two days that require two human resources), perform this task, which means that the duration 

is higher than in the first option, but part of the assistants become available after the picking 

task and can execute other functions.  
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5.7.2. Scenario 2 

In this scenario, substantial alterations to the current processes are proposed, and therefore, the 

social dimension of this solution must be carefully considered. With a transportation hub introduction, 

both the pharmacy and warehouse delivery process suffer transformations. The major alteration in 

terms of the staff perspective involves the creation of a new team responsible for the combined delivery 

of the pharmacy and warehouse demands. This means that this team is in charge of the routes passing 

through the hub. The majority of the team should be composed by warehouse assistants because one 

of this BPR objectives is to alleviate the pharmacy assistants so that they can perform other needed 

tasks in the pharmacy. To dimension the delivery team and evaluate the number of required HR, the 

routes may be considered fixed jobs and the employees must be considered resources. The objective 

is to perform all jobs, while minimizing the number of resources used. 

The number of required employees, which are the team responsible for the pharmacy items and 

consumables delivery, was computed using a greedy approach as in Kergosien et al.(2013). From the 

five lists of routes obtained in the technical design section, one for each day, ordered by increasing 

delivery time (in the cases in which a pre-established delivery time exists), the routes are assigned 

iteratively to one employee. During the delivery process, only one employee shift exists, which starts at 

9h00 and ends at 13h00. However, the time that must be considered is from 10h00 to 13h00, because 

10h00 is the earliest desirable departure time in the hub.  

This approach operates in the following mode, for each day: in the hub routes list ordered, a route 

is assigned to an assistant, and withdrawn from the list. Then, the next route is tested, if this cannot be 

assigned to the same assistant, the next route on the list is tested. This process repeats itself until the 

lists for the weekdays are empty. When this happens, the maximum number of employees required is 

found. In the process of assigning routes to human resources it was considered that the delivery times 

established had an upper and lower tolerance of 30 minutes, so that the number of assistants 

performing the hub routes can be further minimized, which is the primary goal. As the daily list of routes 

is small, this approach was performed manually using Excel as a support, and is further described in 

Appendix VI. 

To obtain the duration of the hub routes data regarding transportation and delivery time is 

required. 

Transportation time – this information is already available for the MUs separately. The times 

considered are the ones from the warehouse since routes leaving the hub will be performed using the 

same path used by the warehouse. However, there are some transportation times between MUs, which 

need to be estimated since, in the current situation, these MUs are not supplied in the same routes. 

Also, the pharmacy and warehouse delivery sites vary in some MUs, as already mentioned, and this 

time also needs to be included in the transportation time, so that the results mimic, as much as possible, 

the real situation. The estimations of the average time between MUs are based on the average walking 

speed (𝑣𝑎𝑣𝑒𝑟𝑎𝑔𝑒) combined with the distance between MUs (𝑑𝑖𝑗). The value used for the average walking 

speed was 1.4 m/s (Browning et al., 2006), and the distances between the MUs were obtained using 

detailed HBA maps and a software for distance measurement. Elevator delay (𝑡𝑒𝑙𝑒𝑣𝑎𝑡𝑜𝑟) was also 

included, the value used was the average elevator delay observed in the set of routes mentioned in 
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section 5.4.2, 45.33 seconds. The formula below describes how the final estimation has been 

calculated. 

 

𝑡𝑖𝑗 =  
𝑣𝑎𝑣𝑒𝑟𝑎𝑔𝑒

𝑑𝑖𝑗

+ 𝑡𝑒𝑙𝑒𝑣𝑎𝑡𝑜𝑟 

 

Delivery time – this data was measured in the current process for both the pharmacy and 

warehouse, and the route combination maintains this information unaltered. To obtain the combined 

delivery time for a certain route, one has to sum the delivery times of all the MUs supplied in the route. 

With this data, the hub routes duration can be calculated by the sum of the transportation and 

delivery times of all the MUs supplied in the routes. If data regarding the transportation time between 

MUs is not available, the distance between these MUs should be introduced in the formula mentioned 

above to obtain this. It was considered that the hub assistants would take on average a total of 4 minutes 

to go from the warehouse to the hub (<1 minute, given the distance between these two locations) and 

load the pharmacy items into the transportation cars (~ 3 minutes, average warehouse delivery time, 

which comprises unloading and storage of mobile car items’ in the MUs, and therefore it is expected 

that a similar time is taken to load the mobile cars in the hub). For routes which do not include 

warehouse items, this time is restricted to the transportation cars loading.  

The results of this greedy approach (Appendix VI) showed that on Monday, Wednesday and 

Thursday the hub delivery team can be composed by a single assistant, since it is possible for all the 

routes to be performed respecting the warehouse time window, and within the 30 minutes’ tolerance for 

the warehouse delivery times. On Tuesday, two assistants are required because route 3 needs to be 

performed by two human resources due to the assistants’ capacity constraint. However, this is the only 

route that needs to be performed by two human resources, the remaining routes can be executed by 

the same assistant. Lastly, on Friday, the two scheduled hub routes require two assistants. 

The warehouse routes daily duration was calculated, so that the assessment of the total number 

of human resources required to complete all delivery routes could be performed. The total routes 

duration for each weekday, was obtained by summing the transportation and storage time for the routes 

that do not pass through the hub, scheduled for each day. The transportation and storage times used 

in the calculations are the ones from the current warehouse delivery map, since these routes did not 

suffer any modifications. The warehouse routes daily duration is displayed in Appendix VI. 

Given that the number of assistants necessary to complete the hub routes is reduced, this team 

can be composed exclusively by warehouse assistants. The pharmacy assistants only need to execute 

the picking and transportation of items to the hub, and the delivery of the MUs located in level -1, which 

are scheduled to the same day and route. This means that they are free to perform other needed 

functions after completing these tasks. Typically, there are two warehouse assistants responsible for 

the transportation and delivery of consumables to the MUs, and therefore, in order to assess if it was 

necessary to have more assistants responsible for this task, the weekday for which the hub and 

warehouse routes duration is higher was considered. Monday is the day in which more time is required 

for route completion (hub routes, 92 minutes and warehouse routes, 162 minutes), and since the start 
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time for the warehouse routes is 9h30 and for the hub 10h00, it is possible for a single assistant to 

complete each of the routes within the time window to deliver the consumables (until 13h00).  

This means that it is possible to maintain the number of warehouse assistants responsible for the 

routes, one is responsible for performing the routes which do not go to the hub and the other for the 

routes initiating in the hub. For the hub and warehouse routes that require two assistants, the following 

occurs depending on the weekday: on weekdays in which there are routes from the warehouse requiring 

two HR, and the hub routes can be completed by a single assistant (Monday, Wednesday and 

Thursday), he performs all the hub routes and then dislocates to the hub and both assistants perform 

the routes requiring two HR. On Tuesday, a single assistant performs all the hub routes and other 

performs the routes originating in the warehouse, and when the assistant responsible for the warehouse 

routes has finished, he dislocates to the hub and both assistants perform route 3, which requires two 

assistants, and after this they perform the warehouse routes requiring two HR; on Friday, since all the 

hub routes should be executed by two human resources, the assistants should perform the delivery of 

the two hub routes first, and then the routes initiating on the warehouse together.    

Regarding the changes introduced to the current processes, it is expected that a slight resistance 

to change may occur, and therefore, as in scenario 1, an appropriate and clear communication and 

explanation of the alterations that will be introduced is crucial for employees’ acceptance and the 

success of this scenario. This is more relevant to the warehouse staff since they are the ones that will 

have to change their daily tasks in a greater extent. The pharmacy assistants’ tasks modification is not 

likely to give rise to resistance because the alterations to the current process are only related with 

having an order for MUs picking and to transport the MUs items to the hub instead of to the MUs. In the 

warehouse case, the staff will be responsible for the combined delivery of pharmacy and warehouse 

items, and therefore, one of the assistants will be responsible for the hub routes, which is a function 

that varies significantly from the one already performed. 

 

5.8. Step 8 – Gains evaluation and execute plan to accomplish actions 

The two scenarios proposed affect the deliverables internal transportation process in four 

dimensions: reduce cycle time, mainly transportation times; eliminate non-value-adding activities; 

enhance resource efficiency and consolidate a considerable number of delivery routes. These 

modifications can be observed in both scenarios, the difference is that in scenario 1 these improvements 

are for the pharmacy delivery process, and in scenario 2, for the overall deliverables transportation 

process, i.e. for the pharmacy and warehouse because in this scenario the consolidation of these two 

items delivery occurs. 

To better evaluate the gains obtained with each of the proposed scenarios, the overall redesigned 

processes for each scenario are presented below. This allow for the assessment of possible gains 

resulting from the implementation of these scenarios in the pharmacy and warehouse daily routine. 

 

5.8.1. Scenario 1 

For scenario 1, the pharmacy is the only redesigned process, since this scenario only comprises 

modifications in the pharmacy process. As mentioned in section 5.5.1., the changes are related to 
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alterations in the delivery schedule, creation of a tool in the form of a decision tree to assist routes 

creation, acquisition of new larger transportation cars, and eliminating the need to select deliver in the 

PDA. This means that in the process steps, no activity changes apart from the elimination of the 

selecting deliver in the PDA task, which is shaded in purple in Figure 5.12. Nonetheless, it is relevant 

to present the redesigned process because the routes transportation times suffer alterations comparing 

to the current process in result of the changes introduced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.12 – Current Process, “as is” situation vs Redesigned Pharmacy Process, “to be” situation. 

 

Some remarks concerning the durations considered for each activity in the redesigned pharmacy 

process are presented below. 

All the times represent the average daily time taken to perform each of the activities.  

The times for picking and selecting distribute in the PDA remain unaltered comparing to the 

current process, disregarding the schedule alterations because the values presented are an average, 

and these activities are performed for the same number of MUs in a week period. 

The transportation and items’ storage durations were estimated using the same method as in the 

section 5.7.2 for scenario 2. This is, the storage and transportation duration used were the ones 

measured for the current process, because they were considered to remain unaltered. For the 

transportation time between MUs, which were not previously being supplied in the same route, the 

formula proposed in the mentioned section was used with the distances measured using the HBA 

software available for distance measurement. The routes total time for each weekday are presented in 
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Appendix VII, and the value presented in the redesigned process displayed above is the average of 

these values.  

The changes introduced in this scenario, although minor, have a profound impact on the 

pharmacy process. The redesigned process is distributed along 5 hours and 53 minutes versus the 6 

hours and 52 minutes of the current process, which represents a time reduction of 59 minutes (see 

Figure 5.12, above). The non-value-adding activities time also reduced from 1h08 minutes (considering 

the 10 minutes that were wasted because of PDA malfunction or delay) to 20 minutes. However, the 

main improvement is related to the fact that the majority of the routes, i.e. the transportation and items’ 

storage in the MUs, in this scenario can be performed by just one pharmacy assistant. As mentioned in 

section 5.6.1, the average daily human resources needed per route drops from 1.41 in the current 

situation to 1.10, this means that resource efficiency is increased in this scenario, and that a lower 

number of assistants are required to perform all daily routes, resulting in the availability of the other 

assistants to complete other tasks. Also, it is observed an average daily route reduction of 32.62%. 

The implementation of this scenario is not foreseen to be a problem, since the changes are minor 

but yield great results respecting to process improvement. The implementation actions HBA has to 

accomplish in order to initiate the transition from the current process include the acquisition of the three 

new larger mobile cars, and training and communication of the benefits to staff to permit a smooth 

evolution from the current to the redesigned process. Moreover, an evaluation of the real effectiveness 

of this solution should take place after the first month of functioning, so that any mismatch human or 

technical verified, can be corrected. 

 

5.8.2. Scenario 2 

In this scenario, both pharmacy and warehouse circuits suffer alterations. The proposed 

modifications to the current process include the creation of a transportation hub, which leads to 

alterations in the delivery schedules of the pharmacy and warehouse, and the introduction of a tool to 

assist the process of creating routes. The activities which suffer alterations due to this changes are 

shaded in purple and correspond to the redesigned steps in the processes, in Figure 5.14. 

The summary of the changes introduced in both processes’ steps by this scenario is presented 

next. 

 

 The step of selecting deliver in the PDA was eliminated for both processes. 

 The pharmacy does not transport and store items in the MUs, this task is now concentrated 

in the warehouse staff. The pharmacy assistants are only responsible for transporting and 

storing the MUs’ items in the hub. Exception to this are the MUs located in level -1, which are 

all scheduled to a single route on Wednesday. 

 The warehouse, as mentioned above, is responsible for the transportation of the pharmacy 

items. This led to the existence of two different types of routes, as depicted in the redesigned 

warehouse process: (i) hub routes, which are the ones in which the aggregation of pharmacy 

and warehouse items is possible, and consequently the assistants pass through the hub to 

collect the pharmacy items before initiating the route; and (ii) warehouse routes, which 
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comprise the routes whose consolidation with the pharmacy is not possible, and therefore the 

assistants can go directly to the destination MU without going to the hub. 

 

Some remarks concerning the times considered for each activity in scenario 2 redesigned 

processes are presented below. 

As for scenario 1, the times represent the average daily time taken to perform each of the 

activities.  

For the redesigned pharmacy process: (i) as previously mentioned, the picking and selecting 

distribute in the PDA times remain unaltered comparing to the current process, and (ii) the time 

considered for the pharmacy cars transportation to the hub is 2 minutes, as mentioned in section 

5.6.2.1.3. This value was estimated given the distance between the two locations. Regarding the items’ 

storage in the hub, the value estimated was 3 minutes, given the average time that pharmacy assistants 

take to unload and store items in the MUs. As the values presented in the figures refer to the average 

duration of these two activities per day, they were obtained by multiplying the values just presented by 

the average number of routes to the hub per day.  

For the redesigned warehouse process: The duration of the hub and warehouse routes for each 

weekday was already estimated in the social design step, in order to obtain the number of human 

resources required to perform these routes, and therefore it was only necessary to calculate the daily 

average for these values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.13 – Current Pharmacy Process (left) and current Warehouse Process (right). 
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Figure 5.14 – Redesigned Pharmacy Process (left) and Redesigned Warehouse Process (right). 

 

The changes illustrated have a wide impact on the process, as a whole. The redesigned 

processes are distributed along 12 hours and 40 minutes versus the 13 hours and 56 minutes of the 

current process, which represents a time reduction of 1 hour and 16 minutes (see Figure 5.13 and 5.14). 

The total non-value-adding activities duration is reduced from 1 hour and 42 minutes to 26 minutes, 

considering that approximately 10 minutes in the picking activity corresponding to wasted time in both 

processes is eliminated. However, the main improvement is related to the fact that the total cycle time 

of the pharmacy process decreased from 6 hours and 52 minutes to 5 hours and 16 minutes, which 

means that the pharmacy assistants are free to perform other required functions 1 hour and 36 minutes 

before, comparing with the current situation. And, this decrease of the pharmacy cycle time only resulted 

in a 20 minutes’ increase in the warehouse process total time. 

Other important outcome of this scenario proposed changes is the 30.86% route reduction, and 

the major enhancement of the resource efficiency. In the current process, 5 to 6 employees are 

responsible for the pharmacy and warehouse delivery (2-3 for the pharmacy and 2 for the warehouse), 

and with the creation of the hub and the consolidation of the pharmacy and warehouse routes, this job 

can now be completed by two human resources, resulting in reduced operational costs. 

The implementation plan for this scenario is slightly more complex than the one from scenario 1, 

due to the need to build the transportation hub. For the hub creation, HBA has to acquire the rack 

shelves and display them as the preferred layout mentioned in the technical design section. 
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Furthermore, it is of extreme importance in this case that a careful and tailored social design is followed. 

This comprises proper training and explanation of all the choices, referring to the benefits that the 

implementation brings to the process. As in scenario 1, an assessment of the real effectiveness of this 

solution should take place after the first month of functioning, so that any discrepancy or incompatibility 

can be corrected. 

 

5.9.  Chapter Conclusions 

The deliverables internal transportation process in HBA is a complex and independent process, 

which involves several employees from the pharmacy and warehouse, which leads to problems, 

inefficiencies and non-value-adding activities in both the pharmacy and warehouse processes. 

In this chapter, the eight-steps BPR methodology chosen to apply to this real-life problem was 

used to analyse the pharmacy and warehouse processes and assess the possible coordination of these 

two deliverables transportation to the MUs. Each subsection of this chapter corresponds to a step in 

the BPR framework. 

In the first three steps, the objective of this BPR was defined and a comprehensive description 

of the current processes is performed. 

The fourth step presented an analysis of the pharmacy and warehouse processes, resulting in 

the identification of the non-value-adding activities and problems of both processes. 

In the last four sections, two possible solutions, scenario 1 and 2, were proposed and 

documented in terms of technical and social changes. Scenario 1 involves the redesign of the pharmacy 

process, solving some problems and eliminating wasteful activities, through the introduction of several 

minor changes. And, although not fulfilling the objective of coordinating the two deliverables 

transportation, produces great results and improvements in terms of transportation times and resource 

efficiency. The modifications proposed in scenario 2 achieve the objective of consolidating the 

pharmacy and warehouse routes to MUs, through the creation of a transportation hub and a single team 

responsible for the task of transporting both deliverables. This scenario has a wide impact on the 

processes, succeeding in obtaining reduced overall transportation times and enhanced resource 

efficiency. Also, it allows for a transition of the transportation task to a reduced number of employees, 

alleviating the pharmacy staff, which is necessary to complete other required tasks. 

In the next chapter, the central conclusions regarding the opportunity of these two scenarios to 

improve the current processes are discussed. Moreover, remarks for future work are considered.  
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6. Conclusions and Future Remarks 

 

The objective of this dissertation is to analyse the possible coordination of two delivery processes 

in HBA: the pharmacy and warehouse. This problem was proposed by the HBA Head of the Pharmacy 

to address the need for the pharmacy staff to complete the pharmacy items’ delivery faster so that they 

would be available to perform other needed tasks at an earlier time, and because this action would 

possibly reduce the overall transportation times and enhance resource efficiency, 

In order to analyse this possible change in the deliverables internal transportation, and having as 

theoretical basis the concept of Business Process Reengineering, a methodology based on four BPR 

frameworks from Mohapatra (2013), Fitzgerald & Murphy (1996), Grover & Malhotra (1997) and 

Rohleder & Silver (1997), was applied to the two processes under analysis, as mentioned in chapter 4 

(Methodology).  

Following the 8 steps framework chosen, the pharmacy and warehouse processes were 

analysed in section 5, more specifically in the subchapter 5.3. The identification of non-value-adding 

activities and problems was performed based on process observation and insights from the pharmacy 

and warehouse staff (see, fourth step of the framework, subsection 5.4). The major wasteful activity 

identified in both processes was related to activities involving the PDA, either because of low system 

performance or due to the need for system re-conception to eliminate the step in which the assistants 

have to perform a delivery activity that do not add any value to the processes. Regarding the problems 

identified, the pharmacy circuit possesses a higher number of aspects which should be addressed, 

namely the ineffective schedule, the need for mobile cars with a higher delivery volume and to have a 

more predefined process. 

To address the wasteful activities and problems identified in the streamlining process, two 

different scenarios were proposed and comprehensively descripted in terms of technical and social 

aspects required to accomplish them (subsections 5.5, 5.6 and 5.7). A scenario 1 that involves the 

redesign of the pharmacy process, solving problems and eliminating non-value-adding activities, 

through the introduction of several minor changes; and a scenario 2 that comprises the redesign of the 

two processes considered, pharmacy and warehouse, and achieve the objective of consolidating the 

pharmacy and warehouse routes to MUs. The decision to have scenario 1 that would only comprise 

changes in the pharmacy process was taken due to the fact that most of the problems identified were 

from this process, and therefore solving these would most probably result in a more efficient process 

with a lower cycle time. This would allow pharmacy assistants to perform other needed tasks earlier, 

which was the primary motivation for coordinating the pharmacy and warehouse items transportation 

to MUs. Scenario 2 introduces the creation of a transportation hub and a single team responsible for 

the task of transporting both deliverables.  

In the “Step 8 - Gains evaluation and execute plan to accomplish actions” section, it is possible 

to conclude that both proposed scenarios have a profound impact on the processes. In scenario 1, it is 

estimated that on average 49 minutes can be saved daily in the pharmacy, and that the average daily 

human resources needed per route drops from 1.41 in the current situation to 1.10, meaning that a 

lower number of assistants are required to perform all daily routes, 
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Concerning scenario 2, the overall transportation time suffers a reduction of 56 minutes and the 

human resources required to complete all routes is reduced from 5 to 2. Also, the proposed 

modifications permit a transition of the transportation task to the warehouse employees, alleviating the 

pharmacy staff, which is necessary to complete other required tasks. 

The analysis carried out in this dissertation provided valuable insights for managerial 

improvement, and can be used as a basis for creating theoretical and managerial insights for HBA. 

 

6.1. Recommendations to HBA 

From the analysis developed along with this thesis, it can be concluded that both scenarios 

proposed are promising and expected to yield good results, however analysing all the data gathered, 

scenario 1 is the one that HBA should implement in a first stage. The reasons for this choice are the 

following: (i) in scenario 2 more estimations (pharmacy and warehouse delivery items’ volume, 

transportation times between MUs and MUs delivery sites) and considerations (possibility to transport 

both pharmacy and warehouse items when the transportation car volume capacity is exceeded by 10%, 

and flexibility in delivery times) were made, (ii) major changes need to be introduced in the current 

processes, and therefore a higher number of human resources have to support and perform their new 

tasks correctly for the system to work as expected, and (iii) more resistance to the modifications 

proposed is expected. This means that although scenario 2 is effective in theory, there might be a gap 

between theory and reality that might require HBA to perform some adjustments in order to guarantee 

this scenario perfect functioning. And, therefore, it is advisable to implement scenario 1 first, since it is 

possible to achieve great improvements with minor changes, diminishing the possibility for staff 

resistance and increasing the probability of the proposed changes success. 

After implementation of the pharmacy redesigned process, an evaluation of the results obtained 

by the implementation should be executed, and pharmacy staff acceptance should be studied. 

Subsequently to the successful implementation of scenario 1 proposed changes, HBA can evaluate the 

need for further decreasing the overall transportation times and/or alleviate pharmacy staff from the 

transportation functions. Also, willingness of both the pharmacy and warehouse staff to the 

modifications required should be taken into account when deciding to explore or not the innovative 

solution of coordinating their deliveries – scenario 2 implementation. 

 

6.2. Limitations and Future Remarks 

The major limitations of the solutions proposed in this dissertation, are the estimations made for 

the MUs demands and transportation times between MUs when no real data was available, and 

considerations such as the tolerance of 10% in the transportation car volume and the flexibility in 

delivery times, in scenario 2. This is considered a limitation because, as mentioned before, it is possible 

that a gap between the theoretical results obtained and the reality exists, and adjustments may be 

necessary. 

As future developments, and although both scenario results showed great improvements for the 

current processes, it could be important to evaluate the impact to the MUs of changing the pharmacy 

delivery sites to the advanced warehouses where the consumables are delivered. If this modification 
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could be implemented, scenario 2 would be smoother for the warehouse assistants responsible for the 

items’ transportation to MUs, and would inevitably result in lower transportation times, making this 

scenario more feasible.  

As final remarks, this dissertation focus is on the pharmacy and warehouse delivery process, and 

has shown that the BPR methodology was clearly valuable in exploring the process and improving it 

significantly through the introduction of minor changes. And, therefore, HBA could benefit from having 

other internal processes analysed under the BPR perspective.  
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Appendix I – Current Pharmacy and Warehouse Delivery Maps 

 

Table AI.1 – Weekly pharmacy delivery map, containing approximate demands, human resources needed and elevator used in each route (the symbol “-” means 

that no elevator is used in that route since the MU is located in the same level of the pharmacy), the transportation time and the time that the route starts. 

 MON TUE WED THU FRI 
HUMAN 

RESOURCE
S 

ROUTE 
DELIVERY 

TIME 

TRANSPOR
TATION 

TIME 
TIME 

ESTERILIZACAO   1/4 SMALL CAR   1 - 3 1 11H25 

URGENCIA PEDIATRICA   1 SMALL CAR       1 ELEVATOR - 13 6 3 12H20 

URGENCIA CENTRAL 
1SHELVES 

CAR+1LARGE CAR 
1SHELVES 

CAR+1LARGE CAR 
1SHELVES 

CAR+1LARGE CAR 
1SHELVES 

CAR+1LARGE CAR 
1SHELVES 

CAR+1LARGE CAR 
2 ELEVATOR - 13 6 3 11H55 

IMAGIOLOGIA      1/8 SMALL CAR 1 ELEVATOR - 9 2 4 11H35 

MEDNUCLEAR 1/8 SMALL CAR     1 ELEVATOR - 9 1 3  

PSIQUI+PEDOPSIQUIATR    1 SMALL CAR  1 ELEVATOR - 9 4 3 11H45 

MFR         1 SHELVES CAR 1 ELEVATOR - 9 4 1 11H40 

HDM DIALISE  
 

 
 

1LARGE CAR 
 
 

 
 

1 ELEVATOR - 9 5 4 11H35 
HDM ONCOLOGIA 

CE 1 PEDIATRIA   1/2 SMALL CAR   1 ELEVATOR - 13 4 5 11H45 

CE 2 MEDICINA 

1SHELVES CAR     1 ELEVATOR - 13 10 8 11H40 CE 3 CIRURGIA 

CE 5 EXAMESESPECIAIS 

HDC 1 SMALL CAR         1 ELEVATOR - 17 3 6 11H50 

BLOCO CENTRAL 2 LARGE CARS     2 LARGE CARS   2 ELEVATOR - 17 6 3 12H30 

UCI + INTERMEDIOS 
  

1LARGE 
CAR+1PALLET     

1LARGE 
CAR+1PALLET 

2 ELEVATOR - 9 12 5 12H05 

BLOCO PARTOS   1 SMALL CAR   1 SMALL CAR   1 ELEVATOR - 9 4 3 11H30 

NEONATOLOGIA     1 SHELVES CAR     1 ELEVATOR - 9 5 2 12H40 

GINECOLOGIAOBSTETRIC         1 SHELVES CAR 1 ELEVATOR - 8 5 2 12H00 

CE 4 OBSTETRICIA 1 SMALL CAR         1 ELEVATOR - 8 8 2 12H20 

ANATOMIA PATOLÓGICA 
  1/2 SMALL CAR   1 - 3 2 12H05 

UNIDADE DE DOR 

INTERNAMENTO P2 (A) 
  
  

1 SMALL CAR+1 
SMALL CAR 

  
  

  
  

  
  

2 ELEVATOR - 8 12 7 12H15 
INTERNAMENTO P2 (B) 

INTERNAMENTO P2 (C) 
  
  

  
  

  
  

1 SMALL CAR+1 
SMALL CAR 

  
  

2 ELEVATOR - 13 12 7 12H15 
INTERNAMENTO P2 (D)  

INTERNAMENTO P3 (A) 
 
 

 1 SMALL CAR 
  
  

  
  

1 ELEVATOR - 9 6 6 12H25 

INTERNAMENTO P3 (B)  1 SMALL CAR    1 ELEVATOR - 9 6 7 12H20 

INTERNAMENTO P3 (C) 1 LARGE CAR         1 ELEVATOR - 17 3 5 12H10 

INTERNAMENTO P3 (D)       1 SMALL CAR   1 ELEVATOR - 13 5 3 11H50 

INTERNAMENTO P4 (A)       1 SMALL CAR   1 ELEVATOR - 8 6 3 11H55 

INTERNAMENTO P4 (B) 1 SMALL CAR         1 ELEVATOR - 8 5 4 12H05 

INTERNAMENTO P4 (C)   
  

  
  

1 SMALL CAR+1 
SMALL CAR 

  
  

  
  

2 ELEVATOR - 17 12 7 12H10 
INTERNAMENTO P4 (D)  
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Table AI.2 – Weekly warehouse delivery map, containing approximate demands, human resources needed and elevator used in each route (the symbol “-” means 

that no elevator is used in that route since the MU is located in the same level of the pharmacy), the transportation time and the time that the route starts. 
 

 

 MON TUE WED THU FRI 
HUMAN 

RESOURC
ES 

ROUTE 
DELIVERY 

TIME 

TRANSPO
RTATION 

TIME 
TIME 

FARMÁCIA   1 CAR   1 - 5 2 10:00 

CENTRO LABORATORIAL 
  1/4 CAR + 1/4 CAR   1 - 3 1 09:45 

SAÚDE OCUPACIONAL 

ESTERILIZACAO  1/2 CAR  1/2 CAR  1 - 2 1 09:45 

ADMINISTRACAO 

  
1/2 CAR +1/4 CAR 

+1/4 CAR 
  1 ELEVATOR - 18 2 3 11:30 SERVIÇO SOCIAL 

DIME 

URGENCIA PEDIATRICA 1/2 CAR  1/2 CAR  1/2 CAR 1 ELEVATOR - 17 5 4 09:30 

URGENCIA CENTRAL 1 PALLET + 1 CAR  1 PALLET + 1 CAR  1 PALLET + 1 CAR 2 ELEVATOR - 17 30 4 12:00 

IMAGIOLOG+MEDNUCLEAR   1 CAR   1 ELEVATOR - 13 10 5 12:00 

PSIQUI+PEDOPSIQUIATR 
  

1/2 CONTAINER 
+1/2 CONTAINER 

  1 
ROBOT STATION 

10 
8 0 10:15 

MFR 

HDM DIALISE 
  

1/2 CONTAINER 
+1/2 CONTAINER 

  1 
ROBOT STATION 

11 
8 0 09:30 

HDM ONCOLOGIA 

CE 1 PEDIATRIA 
1/2 CAR + 1/2 CAR     1 ELEVATOR - 18 7 7 10:00 

CE 2 MEDICINA 

CE 3 CIRURGIA 1 CAR     1 ELEVATOR - 17 5 4 10:15 

HDC  1 PALLET  1 PALLET  1 ELEVATOR - 17 5 5 10:00 

BLOCO CENTRAL 1 PALLET 1 PALLET 1 PALLET 1 PALLET 1 PALLET 2 ELEVATOR - 17 5 5 10:30 

UCI + INTERMEDIOS 1 PALLET 1 PALLET  1 PALLET 1 PALLET 1-2 ELEVATOR - 17 2 6 10:00 

BLOCO PARTOS 1 PALLET  1 PALLET  1 PALLET 1 ELEVATOR - 17 5 6 10:00 

NEONATOLOGIA 
 1/4 CAR + 3/4 CAR  1/4 CAR + 3/4 CAR  1 

ELEVATOR - 17 
5 6 10:45 

GINECOLOGIAOBSTETRIC ELEVATOR - 17 

CE 4 OBSTETRICIA  1 CAR    1 ELEVATOR - 17 5 6 10:45 

CE 5 EXAMESESPECIAIS  1 CAR    1 ELEVATOR - 17 5 6 11:00 

RECEPÇÃO /SECRET. INT. P4(B)   1/2 CAR    ELEVATOR - 9 10 5 12:00 

INTERNAMENTO P2 (A) 
1-CAR + 1 

CONTAINER 
  

1-CAR + 1 
CONTAINER 

 1 
ROBOT STATION 

19 
30 0 11:00 

INTERNAMENTO P2 (C) 
1-CAR + 1 

CONTAINER 
  

1-CAR + 1 
CONTAINER 

 1 
ROBOT STATION 

20 
30 0 11:30 

INTERNAMENTO P4 (C) 
1-CAR + 1 

CONTAINER 
  

1-CAR + 1 
CONTAINER 

 1 
ROBOT STATION 

24 
30 0 12:00 

INTERNAMENTO P3 (A)  
1-CAR + 1 

CONTAINER 
  

1-CAR + 1 
CONTAINER 

1 
ROBOT STATION 

21 
30 0 11:00 

INTERNAMENTO P3 (C)  
1-CAR + 1 

CONTAINER 
  

1-CAR + 1 
CONTAINER 

1 
ROBOT STATION 

22 
30 0 11:30 

INTERNAMENTO P4 (A)  
1-CAR + 1 

CONTAINER 
  

1-CAR + 1 
CONTAINER 

1 
ROBOT STATION 

23 
30 0 12:00 
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Appendix II – HBA Maps 

 

 

Figure AII.1 – HBA Map and Flows for Level -1 and 0. 

UNIDADE DE 

DOR 
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Figure AII.2 – HBA Map and Flows for Level 1 and 2. 
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Figure AII.3 – HBA Map and Flows for Level 3 and 4. 
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Appendix III – Excel Support Tool for Route Creation 

 

The excel support designed to evaluate the changes proposed in each scenario is based on 

several heuristics such as car capacity and MUs level, to create the pharmacy (scenario 1) and hub 

routes (scenario 2). This method, although not producing an optimal solution, is flexible and easy to 

implement without the need to use the excel support in a daily basis, which would be time-consuming. 

Although, this support is useful to test possible alterations that the pharmacy may want to introduce. 

 

Interface 

 

This excel support includes several sheets, one containing a dynamic list with all the MUs, their 

levels and corresponding days in which they are supposed to be supplied (Figure AIII.1). The others 

correspond to the weekdays, and each of them contain a table with the MUs that should be supplied in 

that day along with the corresponding level in which the MUs are located in the hospital facilities. If any 

MU suffers an alteration regarding the weekday in which it should be supplied, it is possible for the user 

to insert the modifications in the dynamic list containing the MUs so that these are reflected in weekdays 

sheets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AIII.1 – Table in excel support tool containing all MUs, level and supply weekday for scenario 1.  
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In the sheet corresponding to the weekday for which the user intends to create the routes, the 

demand in terms of mobile cars (this is the cells corresponding to the fraction of mobile cars and car 

type) should be inserted in the Demands Table. After entering this data in the excel support tool, the 

volume required by each MU is automatically calculated. Figure AIII.2 displays the Demands Table for 

a weekday, in this case for Scenario 1 Monday routes. The columns shaded in light red are the ones 

whose data should be entered by the user. 

Figure AIII.2 – Demands Table in the excel support tool for route creation. 

 

 

After inserting all the MUs information in the Demands Table, the routes creation can be initiated. 

This process is mainly manual, and therefore the user should have perfect knowledge about the 

heuristics that should be followed in the route creation process, and take into account restrictions 

regarding mobile cars availability or other objectives such as using a certain mobile car as the preferred 

transportation mode. 

To create a route, the user should follow the subsequent steps: (i) select a MU from the Demands 

Table and assign it to a route in the Route Creation Table, and the Delivery Volume is automatically 

calculated, (ii) evaluate if the preferred mobile car capacity has been reached, if this is the case this 

route creation ends, if not (iii) the user must choose another MU, which do not violate the car capacity 

constraint, from the Demands Table to incorporate in this route, following the heuristics defined: first 

option, MUs from the same level in the hospital facilities; and second, MUs from other levels. Since the 

Demands Table is a dynamic table, this step can be performed by filtering the table in the Level column, 

in order to find the MU that should be assigned to the route. This step is repeated until the mobile car 

reaches its maximum capacity or there is no MU demand volume that can be incorporated in the same 

route without violating the capacity constraints. In the last step (iv) the user introduces the car and 

number of human resources that are required to complete the route just created. To help in this 

decisions the user has a table containing all car types available and their respective capacities.  

To create all the routes for a weekday, this process should be repeated until all the MUs 

scheduled to be supplied in that day are assigned to a route. 

The complete excel sheet for a weekday is presented in Figure AIII.3, to facilitate the 

understanding of the explanation above.  The cells shaded in light red correspond to the ones whose 

data should be inserted by the user.
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Figure AIII.3 – Excel sheet from the support for route creation for a certain weekday. 
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Appendix IV – Proposed Pharmacy Delivery Map (Scenario 1) 

 

Table AIV.1 – New proposed pharmacy delivery map. 

 

 

 

 

 ROUTES MUs CAR USED 
HUMAN 

RESOURCES 
ROUTE 

DELIVERY 
TIME 

TRANSPO
RTATION 

TIME 

MON 

1 BLOCO CENTRAL 1 LARGE WAREHOUSE CAR 1 ELEVATOR - 17 6 3 

2 
INTERNAMENTO P4 (A) 
INTERNAMENTO P4 (B) 

1 LARGE CAR 1 ELEVATOR - 8 11 4 

3 

CE 2 MEDICINA 
CE 3 CIRURGIA 

CE 4 OBSTETRICIA 
CE 5 EXAMESESPECIAIS 

1 LARGE CAR 1 ELEVATOR - 13 18 9 

4 
URGENCIA CENTRAL 

HDC 
1 LARGE WAREHOUSE CAR 1 ELEVATOR - 13 9 4 

TUE 

1 
INTERNAMENTO P2 (A) 
INTERNAMENTO P2 (B) 

1 LARGE CAR 1 ELEVATOR - 8 12 7 

2 
INTERNAMENTO P3 (A) 
INTERNAMENTO P3 (B) 

1 LARGE CAR 1 ELEVATOR - 9 12 7 

3 BLOCO PARTOS 1 SMALL CAR 1 ELEVATOR - 9 4 3 

4 
URGENCIA CENTRAL 

URGENCIA PEDIATRICA 
1 LARGE WAREHOUSE CAR 1 ELEVATOR - 13 12 4 

5 UCI + INTERMEDIOS 1 LARGE CAR, 1 PALLET 2 ELEVATOR - 9 12 5 

WED 

1 

ANATOMIA PATOLÓGICA 
ESTERILIZAÇÃO 

UNIDADE DE DOR 
1 SMALL CAR 1 - 6 3 

2 
HDM DIÁLISE 

HDM ONCOLOGIA 
1 LARGE CAR 1 ELEVATOR - 9 5 4 

3 
URGENCIA CENTRAL 

CE 1 PEDIATRIA 
1 LARGE WAREHOUSE CAR 1 ELEVATOR - 13 10 5 

4 
INTERNAMENTO P4 (C) 
INTERNAMENTO P4 (D) 

1 LARGE CAR 1 ELEVATOR - 17 12 8 

THU 

1 BLOCO CENTRAL 1 LARGE WAREHOUSE CAR 1 ELEVATOR - 17 6 3 

2 
BLOCO PARTOS 
NEONATOLOGIA 

1 LARGE CAR 1 ELEVATOR - 9 9 4 

3 
INTERNAMENTO P2 (C) 
INTERNAMENTO P2 (D) 

1 LARGE CAR 1 ELEVATOR - 13 12 7 

4 
INTERNAMENTO P3 (C) 
INTERNAMENTO P3 (D) 

1 LARGE WAREHOUSE CAR 1 ELEVATOR - 13 8 6 

5 URGENCIA CENTRAL 1 LARGE WAREHOUSE CAR 1 ELEVATOR - 13 6 3 

FRI 

1 

IMAGIOL+MEDNUCLEAR 
MFR 

PSIQUI+PEDOPSIQUIATR 
1 LARGE CAR 1 ELEVATOR - 9 11 6 

2 
URGENCIA CENTRAL 

GINECOLOGIAOBSTETRIC 
1 LARGE WAREHOUSE CAR 1 ELEVATOR - 13 9 7 

3 UCI + INTERMEDIOS 1 LARGE CAR, 1 PALLET 2 ELEVATOR - 9 12 5 
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Appendix V – Proposed Warehouse Delivery Map (Scenario 2) 

 

Table AV.1 – New proposed warehouse delivery map, including the indication of the hub routes (shaded in blue) and the alterations to the hub routes delivery 

times (the ones displayed in blue). Note: this delivery map does not contain information about durations for the hub routes. For these, Appendix IV should be consulted.  

 

 MON TUE WED THU FRI 
HUMAN 

RESOURCES 
ROUTE 

DELIVERY 
TIME 

TRANSPORT
ATION TIME 

TIME 

FARMÁCIA   1 CAR   1 - 5 2 10:00 

CENTRO LABORATORIAL 
  1/4 CAR + 1/4 CAR   1 - 3 1 09:45 

SAÚDE OCUPACIONAL 

ESTERILIZACAO  1/2 CAR  1/2 CAR  1 - 2 1 09:45 

ADMINISTRACAO 

  
1/2 CAR +1/4 CAR +1/4 

CAR 
  1 ELEVATOR - 18 2 3 11:30 SERVIÇO SOCIAL 

DIME 

URGENCIA CENTRAL 1 PALLET + 1 CAR  1 PALLET + 1 CAR  1 PALLET + 1 CAR 2 ELEVATOR - 17 30 4 12:00 

HDC  1 PALLET  1 PALLET  1 ELEVATOR - 17 5 5 10:00 

BLOCO CENTRAL 1 PALLET 1 PALLET 1 PALLET 1 PALLET 1 PALLET 2 ELEVATOR - 17 5 5 10:30 

UCI + INTERMEDIOS 1 PALLET 1 PALLET  1 PALLET 1 PALLET 1-2 ELEVATOR - 17 2 6 10:00 

BLOCO PARTOS 1 PALLET  1 PALLET  1 PALLET 1 ELEVATOR - 17 5 6 10:00 

URGENCIA PEDIATRICA 1/2 CAR  1/2 CAR  1/2 CAR 1 HUB - ELEVATOR - 17 - - 10:00 

IMAGIOLOG+MEDNUCLEAR   1 CAR   1 HUB - ELEVATOR - 13 - - 12:00 

PSIQUI+PEDOPSIQUIATR 
  

1/2 CONTAINER +1/2 
CONTAINER 

  1 
HUB - ROBOT 
STATION 10 

- - 11:00 
MFR 

HDM DIALISE 
  

1/2 CONTAINER 
+1/2 CONTAINER 

  1 
HUB – ROBOT 

STATION 11 
- - 10:30 

HDM ONCOLOGIA 

CE 1 PEDIATRIA 1/2 CAR     1 HUB – ELEVATOR - 18 - - 10:00 

CE 2 MEDICINA 1/2 CAR     1 HUB – ELEVATOR – 18 - - 10:30 

CE 3 CIRURGIA 1 CAR     1 HUB - ELEVATOR - 17 - - 11:00 

NEONATOLOGIA  1/4 CAR  1/4 CAR   1 HUB - ELEVATOR - 17 - - 10:45 

GINECOLOGIAOBSTETRIC  3/4 CAR  3/4 CAR  1 HUB - ELEVATOR - 17 - - 10:45 

CE 4 OBSTETRICIA  1 CAR    1 HUB - ELEVATOR - 17 - - 10:45 

CE 5 EXAMESESPECIAIS  1 CAR    1 HUB - ELEVATOR - 17 - - 11:00 

RECEPÇÃO /SECRET. INT. P4(B)   1/2 CAR    ELEVATOR - 9 10 5 12:00 

INTERNAMENTO P2 (A) 1-CAR + 1 CONTAINER   1-CAR + 1 CONTAINER  1 ROBOT STATION 19 30 0 11:00 

INTERNAMENTO P2 (C) 1-CAR + 1 CONTAINER   1-CAR + 1 CONTAINER  1 ROBOT STATION 20 30 0 11:30 

INTERNAMENTO P4 (C) 1-CAR + 1 CONTAINER   1-CAR + 1 CONTAINER  1 ROBOT STATION 24 30 0 12:00 

INTERNAMENTO P3 (A)  1-CAR + 1 CONTAINER   1-CAR + 1 CONTAINER 1 ROBOT STATION 21 30 0 11:00 

INTERNAMENTO P3 (C)  1-CAR + 1 CONTAINER   1-CAR + 1 CONTAINER 1 ROBOT STATION 22 30 0 11:30 

INTERNAMENTO P4 (A)  1-CAR + 1 CONTAINER   1-CAR + 1 CONTAINER 1 ROBOT STATION 23 30 0 12:00 
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 Apendix VI – Greedy Approach Results and Warehouse Routes Duration 

(Scenario 2) 

 

Note: the total time in the next five tables corresponds to the sum of all the routes duration and the time 

taken for the warehouse-hub route and loading the pharmacy items in the hub. 

 

Table AVI.1 – Greedy approach results for Monday hub routes. 

ROUTE 
START 
TIME 

MUs 
ROUTE 

TOTAL TIME 
(minutes) 

HR 
TOTAL 
TIME 

(minutes) 

1 
10H00 CE 1 PEDIATRIA (P) 

CE 1 PEDIATRIA (W) 
13.52 Assistant 1 

91.65 

2 
10H30 CE 2 MEDICINA (P) 

CE 2 MEDICINA (W) 
14.09 Assistant 1 

3 
11H00 CE 3 CIRURGIA (P) 

CE 3 CIRURGIA (W) 
15.10 Assistant 1 

4 
- URGENCIA CENTRAL (P) 

HDC (P) 
14.96 Assistant 1 

5 - BLOCO CENTRAL (P) 11.00 Assistant 1 

 

 

Table AVI.2 – Greedy approach results for Tuesday hub routes. 

 

 

 

 

 

 

 

 

 

 

 

Table AVI.3 – Greedy approach results for Wednesday hub routes. 

ROUTE 
START 
TIME 

MUs 
 

ROUTE 
TOTAL 
TIME 

(minutes) 

HR 

TOTAL 
TIME 

(minutes) 

1 10h00 
URGENCIA PEDIATRICA (P) 
URGENCIA PEDIATRICA (W) 

15.00 Assistant 1 

136.20 

2 10H30 
HDM DIALISE (P) 

HDM ONCOLOGIA (P) 
17.00 Assistant 1 

3 11H00 
PSIQUI+PEDOPSIQUIATR (P) 

MFR (P) 
21.00 Assistant 1 

4 12h00 

IMAGIOLOG+MEDNUCLEAR 
(P) 

IMAGIOLOG+MEDNUCLEAR 
(W) 

18.00 Assistant 1 

5 - URGENCIA CENTRAL (P) 10.00 Assistant 1 

6 - 

INTERNAMENTO P4 (A) (P) 
INTERNAMENTO P4 (B) (P) 
INTERNAMENTO P4 (C) (P) 
INTERNAMENTO P4 (D) (P) 

29.20 Assistant 1 
 

ROUTE 
START 
TIME 

MUs 

ROUTE 
TOTAL 
TIME 

(minutes) 

HR 
TOTAL 
TIME 

(minutes) 

1 10H45 
CE 4 OBSTETRICIA (P) 
CE 4 OBSTETRICIA (W) 

19.00 Assistant 1 

119.45  

2 11H00 
CE 5 EXAMESESPECIAIS (P) 
CE 5 EXAMESESPECIAIS (W) 

14.33 Assistant 1 

3 
- 

UCI + INTERMÉDIOS (P) 18.00 
Assistant 1 
Assistant 2 

4 - 

INTERNAMENTO P2 (A) (P) 
INTERNAMENTO P2 (B) (P) 
INTERNAMENTO P2 (C) (P) 
INTERNAMENTO P2 (D) (P) 

30.70 Assistant 1 

5 - 
URGENCIA CENTRAL (P) 

BLOCO PARTOS (P) 
15.41 Assistant 1 
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Table AVI.4 – Greedy approach results for Thursday hub routes. 

ROUTE 
START 
TIME 

MUs 
 

ROUTE 
TOTAL 
TIME 

(minutes) 

HR 

TOTAL 
TIME 

(minutes) 

1 10h45 
BLOCO PARTOS (P) 
NEONATOLOGIA (P) 
NEONATOLOGIA (W) 

14.42 Assistant 1 

107.03 

2 10H45 
GINECOLOGIAOBSTETRIC (P) 
GINECOLOGIAOBSTETRIC (W) 

13.66 Assistant 1 

3 - BLOCO CENTRAL (P) 11.00 Assistant 1 

4 - URGENCIA CENTRAL (P) 10.00 Assistant 1 

5 - 
INTERNAMENTO P4 (A) (P) 
INTERNAMENTO P4 (B) (P) 

15.25 Assistant 1 

6 - 
INTERNAMENTO P4 (C) (P) 
INTERNAMENTO P4 (D) (P) 

16.70 Assistant 1 

 

 

Table AVI.5 – Greedy approach results for Friday hub routes. 

ROUTE 
START 
TIME 

MUs 
 

ROUTE 
TOTAL 
TIME 

(minutes) 

HR 

TOTAL 
TIME 

(minutes) 

1 10h00 
URGENCIA CENTRAL (P) 

URGENCIA PEDIATRICA (W) 
16.05 

Assistant 1 
Assistant 2 

43.05 

2 - UCI + INTERMÉDIOS (P) 18.00 
Assistant 1 
Assistant 2 

 

 

Table AVI.6 – Warehouse routes total duration for each weekday. 

WEEKDAY ROUTES TOTAL TIME (minutes) 

MON 162 

TUE 132 

WED 52 

THU 121 

FRI 119 

AVERAGE 117 

 

 

 

Appendix VII - Pharmacy Routes Duration (Scenario 1) 

 

Table AVII.1 – Pharmacy routes total duration for each weekday in Scenario1. 

WEEKDAY ROUTES TOTAL TIME (minutes) 

MON 65 

TUE 78 

WED 54 

THU 63 

FRI 50 

AVERAGE 63 

 


