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Abstract. Emergency departments are the first point of contact for life-
saving care worldwide. Despite this importance in patient care, emergency 
departments face a number of shortcomings. For example, emergency de-
partments have been struggling for many years with a lack of resources, 
low levels of digitalization, or unregulated access to emergency depart-
ments. Thoughtful process analysis using discrete event simulation (DES) 
can support the implementation of better processes to improve quality of 
care sustainably. Based on empirical data obtained through observations, 
expert interviews, process analysis, and time studies, the authors modelled 
and simulated the flow of care in a general hospital’s emergency depart-
ment using a stochastic DES model. The results of the DES study show 
that digital upgrades and additional staff resources, in particular, can re-
duce process times in terms of length of stay and waiting times. One can 
conclude that discrete event simulation is a suitable tool to realistic model 
and simulate complex systems such as emergency departments, and derive 
meaningful improvement potentials. In the future, the potential of digitali-
zation concerning process flows should be considered more often in DES 
studies.  

Key words: emergency department, computer simulation, discrete event 
simulation, process management. 

1 Introduction 

Emergency departments deal with many difficulties: a lack of resources, low remuneration, 
slow digitalization, and unregulated access. At the same time, the emergency department is 
a very important junction point in hospitals, a place of lifesaving interventions and the 
beginning of many clinical pathways. That is the reason why emergency departments need 
a good quality of service and process. Process management is a useful method to support 
process development. Structures and processes should be analyzed in their current state to 
find potential appropriate target states that provide a higher level of efficiency in human-
resource allocation, patient streams, workflows, and additional resources. Discrete Event 
Simulation (DES) is a computer-based method to analyze processes by treating them as a 
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series of events [1]. DES is a method to model clinical pathways, to estimate patients’ satis-
faction and to maximize economic efficiency [2-4]. The aim of this paper is to analyze the 
efficiency of process flows in an emergency department of a German general hospital by 
using DES. 

2 Material and methods 
This simulation-based analysis of process flows took place in an emergency department of 
a German general hospital with less than 300 beds in a rural area. The main areas of treat-
ment are internal medicine, vascular surgery, orthopaedics, urology, ENT surgery, anaesthe-
sia and intensive care. The emergency department ensures medical care for 24 hours a day 
and seven days a week. Based on an observational study, a general overview of the opera-
tions, conditions, activities, and patient flows in the emergency department was developed. 
This is a prerequisite for preparing the simulation. It was especially important to understand 
patients’ prioritization. The general hospital applies the Manchester triage system that uses 
the coloured categories - red, orange, yellow, green, and blue to define the urgency of pa-
tient’s care. Based on the MTS system, general nurses care for the blue, green, and yellow 
patients. Nurses with training in critical care medicine, care for the orange and red patients, 
due to their higher severity.  
 

Table 1. Manchester triage system. Source: [5]. 

Colour Target waiting time  
Red none 
Orange 10 min. 
Yellow 60 min. 
Green 90-120 min. 
Blue 90-120 min. 

 
Using the results of the local observation and of the interviews with the medical staff 

the patient’s journey through the emergency department can be retraced as shown in the 
following Fig. 1. 

Data collection took place by measuring patient flow times within a period of three 
weeks during different days of the week. Time was measured for every step as shown in 
Fig. 1. Times measured were divided in waiting times and activity times [6]. They both 
together defined patients’ length of stay. Waiting times and activity times differ depending 
on the colour of the priority class. Red and orange patients generally receive faster treat-
ment than the other patients due to urgency of care. The green and blue patients were 
included in one group because of their quite similar needs of resources. The authors’ 
standard process is focused on this group, as it is the largest one. 

Based on the three-week survey phase, the authors determined a runtime of 120 hours to 
represent the survey period from Monday to Friday over eight hours each day in the simula-
tion model. The number of replications was set at 30 replications. After completing the 30 
replications, the authors compared the data from the time study and the baseline model 
using the mean to test the validity of the model and its degree of approximation to reality 
(see Fig. 2). For verification, MedModel provides automated debugging, which was used to 
detect and report conceptual errors. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Standard process: Patient’s journey through the emergency department. Source: own. 

 

 

Figure 2. Time comparison between time study and basic model by total mean value in minutes. 
Source: own. 

263.55

128.56
72.27

267.37

129.16
73.44

0

50

100

150

200

250

300

Blue/Green Yellow Orange

Time Study Basic Model

Triage 

Registration 

Waiting area 
area 

Orange 

Treatment 

Diagnosis 

Red 

Admission 
area 

Exploration 
room 

Inpatient 
admission 

Discharge 

Arrival 

Exploration 
area 

2

SHS Web of Conferences 184, 02009 (2024)	 https://doi.org/10.1051/shsconf/202418402009
Int. Conf. SOCIETY. HEALTH. WELFARE. 2023



series of events [1]. DES is a method to model clinical pathways, to estimate patients’ satis-
faction and to maximize economic efficiency [2-4]. The aim of this paper is to analyze the 
efficiency of process flows in an emergency department of a German general hospital by 
using DES. 

2 Material and methods 
This simulation-based analysis of process flows took place in an emergency department of 
a German general hospital with less than 300 beds in a rural area. The main areas of treat-
ment are internal medicine, vascular surgery, orthopaedics, urology, ENT surgery, anaesthe-
sia and intensive care. The emergency department ensures medical care for 24 hours a day 
and seven days a week. Based on an observational study, a general overview of the opera-
tions, conditions, activities, and patient flows in the emergency department was developed. 
This is a prerequisite for preparing the simulation. It was especially important to understand 
patients’ prioritization. The general hospital applies the Manchester triage system that uses 
the coloured categories - red, orange, yellow, green, and blue to define the urgency of pa-
tient’s care. Based on the MTS system, general nurses care for the blue, green, and yellow 
patients. Nurses with training in critical care medicine, care for the orange and red patients, 
due to their higher severity.  
 

Table 1. Manchester triage system. Source: [5]. 

Colour Target waiting time  
Red none 
Orange 10 min. 
Yellow 60 min. 
Green 90-120 min. 
Blue 90-120 min. 

 
Using the results of the local observation and of the interviews with the medical staff 

the patient’s journey through the emergency department can be retraced as shown in the 
following Fig. 1. 

Data collection took place by measuring patient flow times within a period of three 
weeks during different days of the week. Time was measured for every step as shown in 
Fig. 1. Times measured were divided in waiting times and activity times [6]. They both 
together defined patients’ length of stay. Waiting times and activity times differ depending 
on the colour of the priority class. Red and orange patients generally receive faster treat-
ment than the other patients due to urgency of care. The green and blue patients were 
included in one group because of their quite similar needs of resources. The authors’ 
standard process is focused on this group, as it is the largest one. 

Based on the three-week survey phase, the authors determined a runtime of 120 hours to 
represent the survey period from Monday to Friday over eight hours each day in the simula-
tion model. The number of replications was set at 30 replications. After completing the 30 
replications, the authors compared the data from the time study and the baseline model 
using the mean to test the validity of the model and its degree of approximation to reality 
(see Fig. 2). For verification, MedModel provides automated debugging, which was used to 
detect and report conceptual errors. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Standard process: Patient’s journey through the emergency department. Source: own. 

 

 

Figure 2. Time comparison between time study and basic model by total mean value in minutes. 
Source: own. 

263.55

128.56
72.27

267.37

129.16
73.44

0

50

100

150

200

250

300

Blue/Green Yellow Orange

Time Study Basic Model

Triage 

Registration 

Waiting area 
area 

Orange 

Treatment 

Diagnosis 

Red 

Admission 
area 

Exploration 
room 

Inpatient 
admission 

Discharge 

Arrival 

Exploration 
area 

3

SHS Web of Conferences 184, 02009 (2024)	 https://doi.org/10.1051/shsconf/202418402009
Int. Conf. SOCIETY. HEALTH. WELFARE. 2023



3 Results 

3.1 Results from the basic model 

3.1.1 Basic model: Length of stay and waiting time 

Analysis of the model showed that blue/green patients had an average length of stay of 
267.37 minutes, which is equivalent to 4.45 hours. Yellow patients left the ED after 129.16 
minutes (2.15 hours), while orange patients spent an average time in the system of 73.44 
minutes (1.22 hours). In terms of waiting times, it was found that waiting times in the 
blue/green and yellow MTS levels exceeded the 30-minute mark, which may increase the 
risk of higher patient dissatisfaction. Table 3 provides an overall summary of the composi-
tion of time parameters in the system. 
 

Table 2. Average time parameters of patients in the system (in minutes). Source: own. 

 Entities Average Length of Stay Average Waiting 
Time 

Average Duration of 
Processing 

Blue/Green 20 267.37 52.94 212.87 

Yellow 10 129.16 36.57 91.74 

Orange 5 73.44 16.56 56.88 

In particular, the length of stay of blue/green patients must be critically examined. Accord-
ing to British study published in the Emergency Medicine Journal, the risk of death increas-
es within 30 days if the length of stay exceeds five hours [7]. In general, the British Minis-
try of Health and other countries such as Canada and Australia set a target of four hours for 
the length of stay, which should not be exceeded [8]. 

3.1.2 Basic model: Utilization of personnel capacities 

The results of the basic model showed that the degree of utilization of the physicians and 
the blue/green/yellow nurses could be considered relatively high. Since they are regarded as 
mainly responsible for the time-intensive treatment and diagnostic steps, a correlation can 
be derived between the patients’ length of stay and the degree of utilization of the physician 
resources. 
 

 
Figure 3. Utilization of personnel capacities in the emergency department Source: own. 
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3.1.3 Basic model: Utilization of infrastructure capacities 

The results of the simulation of the basic model show that the utilization of the infrastruc-
ture capacities diverges intensively. While the two examination and treatment rooms and 
the waiting area are highly utilized, rooms such as the two shock rooms, the care rooms for 
aseptic treatment or the triage room are only used to a low or moderate extent. Based on the 
simulation results, the question is whether a fixed allocation of rooms in the emergency 
department is reasonable and whether, for example, one of the two shock rooms should also 
be used for yellow patients in order to achieve a higher utilization. 

 

 

Figure 4. Utilization of infrastructure capacities in the emergency department. Source: own. 
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Scenario 1: Making a shock room available for yellow patients. 
Scenario 2: Establishment of a physician assistant. 
Scenario 3: Establishment of an additional physician. 
Scenario 4: Digital upgrade of the emergency room by electronic triage systems, mes-
senger services, or emergency information and documentation assistants. 
Scenario 5: Establishment of an additional nurse for the MTS level blue/green/yellow. 

3.2.2 Scenario: Length of stay and waiting time 

Table 3 shows that scenario 3 (establishment of an additional physician) and scenario 4 
(digital upgrade of the emergency department) led to a significant reduction in waiting 
times and lengths of stay for all patient categories. Compared to the baseline model, the 
length of stay in scenario 3 decreased by 8% for blue/green patients, 6% for yellow  
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patients, and 4% for orange patients. Scenario 4 can be used to achieve even greater im-
provements to reduce length of stay. For example, compared to the basic model, the length 
of stay can be reduced by 10% for the blue/green patients, 12% for the yellow patients, and 
15% for the orange patients. The digital upgrade for the blue/green patients can therefore 
achieve the target of a maximum length of stay of four hours. An overview of the overall 
results of the various scenarios can be seen in Table 3. 
 

Table3. Comparison between basic model and scenarios according to mean value (in minutes). 
Source: own. 

 MTS-Level Entities Length of Stay Waiting Time 

Basic Model Blue/Green 20 267.37 52.94 

Yellow 10 129.16 36.57 

Orange 5 73.44 16.56 

Scenario 1 Blue/Green 20 267.86 53.36 

Yellow 10 129.02 37.23 

Orange 5 74.14 17.43 

Scenario 2 Blue/Green 20 248.80 33.54 

Yellow 10 129.22 36.43 

Orange 5 74.47 17.68 

Scenario 3 Blue/Green 20 246.35 32.15 

Yellow 10 121.21 29.53 

Orange 5 70.84 14.38 

Scenario 4 Blue/Green 20 239.91 33.66 

Yellow 10 113.97 29.45 

Orange 5 62.51 14.00 

Scenario 5 Blue/Green 20 254.83 41.06 

Yellow 10 124.88 30.57 

Orange 5 73.51 16.72 

3.2.3 Scenario: Utilization of personnel capacities 

The results draw attention to the fact that in all scenarios an improved dispersion in the 
utilization of medical staff was generated (see Fig. 5). At the same time, improved utiliza-
tion dispersion has a shortening effect on the length of stay, as proven by scenarios 2, 3 and 
4. It was also found that digitalization (scenario 4) can make processes leaner, more effi-
cient and thus faster. Processes supported by electronic triage systems, messenger services 
or emergency information and documentation assistants, among others, relieve the existing 
staff without having to increase personnel capacities. Based on scenario 5 (establishment of 
an additional nurse), it was shown that an additional nurse for the high patient volume of 
the MTS categories blue, green, yellow leads to a lower workload per nurse, which can be 
accompanied by higher time capacities for improved care. 

 

Figure 5. Comparison of staff utilization between the basic model and the scenarios. Source: own. 
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emergency department [9]. Until now, only a few simulation studies have been identified 
that focus on the benefits of digital solutions in the emergency department. Yet, modern 
emergency departments already use a range of information and communication technolo-
gies that are closely linked to patient-related information flows[10].Information and com-
munication technologies (ICTs) have the potential to significantly address emergency de-
partment crowding, but important potential improvements are routinely missed because 
ICTs are not included in simulation studies [9]. 

 

 

Figure 6. Comparison of infrastructure utilization between the basic model and the scenarios. Source: 
own. 
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5 Conclusion 
The research study proves that discrete event simulation is a suitable tool for realistically 
depicting a complex system such as the emergency department and deriving meaningful 
potential for improvement from it. The basis for this is a suitable simulation software, 
which makes it possible to map the specific processes of an emergency department in a 
fine-granular way. In the future, the potential of digitalization must be part of simulation 
studies on a higher scale. ICT already offers numerous opportunities for hospitals and espe-
cially for emergency departments to provide comprehensive support for medical staff and 
their processes. Also, the use of online DES models, which simulate the processes from the 
real system using real-time data, seems to be an interesting approach for future simulation 
projects and its feasibility should be investigated further. 
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