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Abstract. The concept of Supply Chain Management has become increasingly 

important in healthcare and notably in hospitals. Information along the supply 

chain is the key element for analysis and improvement purposes. The aim of the 

study is to analyze and visualize the material flow at a Norwegian hospital to 

identify the possibilities and benefits in current and future planning and opera-

tion. The integration of IT enables combining material and information flow. 

Statically analyses of the material flow can support in planning and control of the 

logistics activities. The visualization of the material flow can support to take 

long-term decisions e.g. for distributing departments at the hospital. 
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1 Introduction 

The concept of Supply Chain Management (SCM) has become increasingly important 

in healthcare and notably in hospitals. The primary objective of SCM is “to integrate 

and manage the sourcing, flow, and control of materials using a total systems perspec-

tive across multiple functions and multiple tiers of suppliers” [1]. While literature con-

cerning SCM on a strategic level is extensive, less academic literature focuses on tacti-

cal and operational challenges particular to the healthcare industry [2].  

One of the key challenges and barriers for effective SCM in the healthcare industry 

is the lack of capital to build a sophisticated Information Technology (IT) infrastructure 

supporting supply chain operations  [3]. Information along the supply chain is the key 

element for analysis and improvement purposes. In order to benchmark and measure 

performance improvements, it is important to define measures that track both material 

activities and related costs, and supply chain performance related to the core activity, 

patient care [2]. 

A recent literature review by Volland et al. [4] suggests that the availability of infor-

mation across the supply chain can lead to more integrated supply chain concepts for 

hospitals. There is a need to understand how consistent IT systems and data standards 

across hospitals can improve the hospital supply chain. Several studies have shown that 

IT systems can improve purchasing decisions and reduce costs lowering inventory lev-

els [5]. However, using SCM approaches in hospitals have proven to be more complex. 

The hospital supply chain has to manage a variety of product and service enterprises 
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including medical consumables, pharmaceuticals, catering, laundry cleaning, waste 

management, home-care products, information technology, vehicle fleet management 

and general supplies [6]. Norwegian hospitals have started centralizing and automate 

both the external and especially the internal material flow [7, 8]. Consequently, the IT 

and automated transportation systems collect and align a large amount of information 

across the supply chain. 

A previous study on internal logistics in a Norwegian hospital visualized the material 

and information flow in order to analyze the current situation of the supply chain [8]. 

Several IT and sharing systems are used and materials can be tracked and controlled 

throughout the internal supply chain. However, the IT and automated transportation 

systems create a huge amount of data, mainly for monitoring and controlling purposes. 

This data is often not further used or analyzed for improvement purposes and is typi-

cally known as ‘idle data’ [9]. Increased computing power has facilitated the possibili-

ties of using data analytics to discover patterns and improvement possibilities from da-

tasets where a human would not necessarily have found a pattern. 

This study aims at answering the following questions: How can visualization of ma-

terial flow information improve the internal supply chain of a hospital? Further, how 

can the hospital supply chain benefit from an integrated IT system? The study will be 

based on the data collection from the previous study at a Norwegian hospital further 

explained in section 3. 

The paper is structured as follows: Section 2 provides a background on related liter-

ature within hospital logistics and SCM. Section 3 presents an overview of the case 

hospital supply chain, followed by a description of the methodology. In section 4, the 

results of the statistical analysis are presented, which are further discussed in section 5. 

This research will end with recommendations for further improvements for the case 

hospital and future research within this topic. 

 

2 Theoretical background 

Over the past 20 years, there has been an increase in healthcare expenditures in all 

OECD countries [10], which has motivated to improve the healthcare sector. A study 

by Poulin et al. [11]  state that half of the logistics costs can be eliminated with efficient 

logistics management. Furthermore, Volland et al. [12] state that increasing logistics 

efficiency might not directly influence patient care but may give medical staff more 

time for patient related activities. It is important to recognize that logistics activities 

have an impact on the overall performance of the hospital [13].  

Polater et al. [14] describe a hospital supply chain as “a complex system that requires 

the flow of products and services, in order to satisfy the needs of those who serve pa-

tients”, with the aim to “deliver products at the right time, for the purpose of fulfilling 

the requirements of those providing healthcare”. The hospital can be divided into an 

external and internal supply chain. The internal supply chain has to establish its own 

logistics network that correlates with external suppliers in order to supply the customer, 

in this case, the patient [15]. According to Volland et al. [12], the external supply chain 

has been received the most attention, while the internal supply chain is the weak spot 

in the hospital supply chain. Granlund & Wiktorsson [13] argue that the performance 
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of the internal supply chain highly affects the overall performance, and remark the im-

portance of continuous improvement in order to achieve increased competitiveness.  

The focus of internal logistics is to provide supplies to the company’s core activities, 

which for hospitals is patient care. Logistics and material handling are described as an 

extensive and important part of the healthcare sector, but it is far from the sector’s core 

competencies [13]. A high variety of materials is often required in a hospital, which 

usually leads to complex logistics activities. In addition, different departments are re-

sponsible for various procurement activities, e.g. food services are responsible for the 

food supply, while pharmacy services are responsible for managing the procurement of 

pharmaceuticals, etc. [11, 16], further increasing the complexity of SCM. 

Introducing automation to logistics activities in the healthcare sector is viewed as a 

measure for improving efficiency and productivity [17]. The main challenges are 

knowledge transfer and adoption to technology, rather than the absence of available 

technology. Due to the complexity of the system, it is often difficult to establish central 

management and a consensus regarding the purpose of the system fitting all actors. It 

is crucial to distribute tasks and responsibilities appropriately, demonstrate the ability 

to have a comprehensive view on the planning process and to implement strategies and 

technologies on the basis of long-term benefits [13].  

Several decisions and changes in hospitals have made the Automated Guided Vehi-

cle (AGV) system a success and standard for material transportation in Norwegian hos-

pitals. An AGV system can be defined as a driverless transportation system that is used 

for horizontal movement of materials, allowing for flexible material handling [18, 19]. 

Some of the advantages of implementing an AGV system are increased productivity 

and flexibility, cost efficiency, savings in labor costs, reduced emissions and energy 

consumption, and improved safety [20]. In general, success factors for the implemen-

tation of automation in hospitals include benchmarking, learning from other industries, 

involving hospital personnel, and identifying the internal logistics functions. Therefore, 

available data about hospital logistics is crucial. While there has been a strong interest 

in establishing patient data, data of material flow are still less used and analyzed. 

 The Nordic countries are leading in eHealth applications. The number of general 

practitioners using electronic health records is among the highest in Europe [21]. While 

it is well known that IT in healthcare and social services have the potential to improve 

the welfare and efficiency of systems, the potentials of IT technologies to improve hos-

pital logistics are still scarcely explored in hospitals. According to Johns [22], Infor-

mation and communication technology (ICT) is an important tool for increasing com-

petitiveness in the healthcare industry. Furthermore, ICT can help for total integration 

of healthcare systems.  

3 Methodology 

This study has used the mixed methods approach, combining qualitative and quantita-

tive methods in order to strengthen the credibility of the results. More precisely, the 

methodology used is triangulation being one of the most common mixed methods de-

signs. It is described as “the use and combination of different methods to study the same 
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phenomenon” [23] and aims to “validate quantitative statistical findings with qualita-

tive data results” [24]. The research design consists of a case study and literature study. 

A literature study was conducted to establish the state-of-the-art on hospital supply 

chain, internal transportation in hospitals, and IT supporting hospitals. Observations 

and semi-structured interviews were performed to give an understanding of the case 

hospital and internal supply chain.  

The case study was carried out in a large Norwegian hospital that has a capacity of 

800 beds. The hospital implemented and launched an automated material handling sys-

tem in 2009. Today, the automated material handling system consists of 21 AGVs, 

transporting approximately 50-70 tons of goods every week between 114 pick-up and 

delivery stations in different buildings, at different levels and departments. Daily, 500-

650 containers are transported by the AGV system. The AGV system is operated with 

a centralized structure.  

A transportation schedule for the AGV system has been defined based on simula-

tions, hospital layout, and battery management and maintenance. This schedule has 

been adapted to changing demand of goods over the years. Orders are dispatched to the 

nearest AGV. This dispatching rule was chosen to reduce AGV idle transportation time. 

The hospital has integrated a radio frequency communication system, connecting the 

different buildings, doors and elevators with the AGV system. The AGV can lift and 

move the wagons within the 4500-meter guide-path that connects all departments. 

AGVs can operate continuously for approximately three hours and is then sent to be 

charged for one hour.  

Several individual and group interviews have been conducted with employees from 

both the operating and planning departments of the hospital. The positions of the inter-

viewed hospital employees are Technical System Administrator, Supply Planner, Op-

erating Manager, and Operating Technician. Based on the data received from the case 

hospital, a statistical analysis of the material transportation was conducted. The data 

represents the internal material transportation from October 2017 until March 2018. 

4  Analysis 

Based on the data retrieved from the AGV system of the case hospital, information 

about the material transportation were analysed to investigate the variety of transporta-

tion times and locations within the hospital. Fig 1 shows the average waiting and deliv-

ery times during the main hospital operation hours. During these hours, the following 

material groups are transported and supplied within the hospital: consumer and medical 

goods from both external suppliers and the central warehouse, waste, laundry, sterile 

goods, and food. 
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Fig. 1. AGV transportation time during an av-

erage day of operation. 

 

 

Fig. 2. Material groups transported and supplied 

within the case hospital during an average day 

The pattern of transported goods is documented and clearly recognizable (see. Fig 2). 

Further, the material data provide insights about material supply during the different 

weekdays. The daily average amount of containers picked and delivered by the AGV 

at the different buildings within the hospital can be seen in Fig 4. Goods arrival and 

disposal is located in building 10, and clearly represents the highest volume of hospital 

material movement. Building 2 follows where the kitchen, central sterilization service, 

and the emergency department are located. Laboratories and specialized departments 

of the hospital are located in the rest of the buildings, with a considerably lower volume 

of material movement. 

 

Fig. 3. Average amount of containers picked and 

delivered at the different buildings within the 

case hospital per day. 
 

Fig. 4. Amount of containers picked and deliv-

ered, visualized in the case hospital layout. 
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5 Discussion and conclusion 

The hospital supply chain has high requirements for quality of services where timely 

delivery of materials is one of them. Lack of timely delivery of materials can have 

negative effects for a patient seeking treatment and care in a hospital. Sterile goods used 

in the operation departments must be delivered on time to ensure availability for any 

planned or acute medical operation. Patients need to receive their food within a certain 

time period in order to be ready for further operations or treatments.  

The statistical analysis shows the transportation time of materials by AGVs in the 

case hospital. In general, the total transportation time varies throughout the day. While 

the average delivery time is rather stable, the waiting times are quite long at certain 

periods of the day. This can decrease the delivery precision of materials, which can lead 

to negative consequences for the patients. It can be argued that the waiting time is in-

fluenced by both transportation volume and AGV capacity in the specific periods. Bal-

ancing the transportation volume or combining deliveries to reduce the transportation 

volume are possible approaches for achieving timely delivery. This is possible since 

materials and respectively material groups transported and supplied during the opera-

tion hours of the case hospital varies strongly. 

Changing the timely supply of materials can have critical consequences in hospitals. 

According to Abdulsalam et al. [25], the healthcare supply chain is more fragile on 

critical supplies compared to other industries. Some materials and products must always 

be available in case of an emergency. It can be critical or fatal if the patient cannot 

receive instantly treatment due to missing supplies. Even though customization is an 

increasing trend in most industries, some supplies in the hospital supply chain are 

highly customized and are one-of-kind products for one certain patient [26, 27]. Often 

are a large number of actors involved in the hospital supply chain with different inter-

ests when supplying materials or products [25]. Thus, the hospital supply chain can be 

described as highly fragmented, which can prevent from operating as a system [28].   

In general, not all materials moved within hospitals can be captured by the ICT sys-

tem. Centralizing the material flow with the AGV system in a hospital can support to 

link the information along the supply chain and visualize the main material movements. 

The statistical analysis and the visualization of the material flow within the case hospi-

tal provide new opportunities to improve the timely delivery of materials and the per-

formance of the internal hospital supply chain. Information derived from the statistical 

analysis supports the identification of material groups that can rather be moved outside 

of the overloaded operation hours. 

The traceability and tracking of materials within the case hospital have been demon-

strated in a previous study [8]. The integration of IT technologies in hospitals enables 

to combine the material and information flow along the supply chain and therefore to 

identify critical products. These measures help to identify and decide whether products 

can be transported in a different period or not. Visualizing the material flow in hospitals 

can support decision-makers in scheduling the material flow on a tactical level to bal-

ance the internal material flow to increase the timely delivery of materials. In the case 

hospital, the material traffic is strongly one-sided distributed. 
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The current policy in several countries is to expand larger hospitals and restructure 

them, and simultaneously close smaller hospitals [29]. The insights of the material flow 

information can support in deciding where to place new departments or where to move 

current departments. Decisions on centralizing or decentralizing, insourcing or out-

sourcing departments or inventories, and changing the time period of internal material 

supply can also be based on a statistical analysis of material flow. Future research 

should focus on how to link information both material flow and electronic health rec-

ords to further improve decision-making and performance of hospitals. Thus, electronic 

health records can be integrated and be input for forecasting and planning the material 

flow. 
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