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Abstract: In countries where the health service is run by national and regional governments, costs have risen 
dramatically since the early 2000s. The consequently smaller contributions granted to hospital facilities have forced 
managers to implement cost-reduction strategies. The Authors’ purpose is to avoid strategies which interfere with 
care processes such as linear cuts (fewer services to patients) and standard cost (a policy of equalizing the cost of 
purchasing goods and services). A health care system is strongly similar, in an operative way, to a production system. 
For this reason, the Authors decide to face the efficiency improvement of this kind of system with the same 
approach they generally use for production systems. Through the construction of simulation models (Discrete Event 
Simulation, System Dynamics) are, therefore, obtained quantitative data on the basis of which, in agreement with the 
Management, the corresponding improvement actions are made. The proposed approach allows Managers, at zero 
cost and without interfering with care processes, the recovery of significant resources as demonstrated in the test 
case application. Through the System efficiency improvement proposed by the Authors it is possible to maintain a 
high level of care even in the presence of budget reductions. Strong savings for each system where the methodology 
is applied and for the whole Italian system. 
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1. Introduction 

In a simplified approach, in a manufacturing system there 
are incoming raw materials and/or semi-finished products 
which, through suitable processes, are transformed into 
other semi-finished or finished products. In recent years 
the market has become increasingly selective requiring 
price/performance ratios more and more complex to be 
managed by Companies.  

In order to achieve this aim it is necessary to constantly 
increase the level of production efficiency. The efficiency 
of a production system, as known, depends on the 
efficiency both of the core business activities (production 
line, internal transport, etc.) and of the non-core services. 
Under a strictly conceptual profile, a health care system is 
similar to a production system where patients are the “raw 
materials” and personnel/equipment are the “machinery”.  

Similarly to production systems, also in the health care 
ones, one of the main problems is the one of maintaining 
high standards of the care effectiveness in the presence of 
cost reductions. This because the health care costs have 
become unsustainable for many national systems (Minifie 
et al 1996).  

The Authors, as others did (Iannone et al 2013; Thiele et 
al 2015; Kirkpatrick et al 2015; Iannone et al 2011; Tonelli 
et al 2009), initially focused on the efficiency 
improvement in the core activities (Bendato et al 2015a).  
Then, to achieve the whole system efficiency, they decided 
to turn their attention to non-core activities and, in this 
paper, they want to underline how, at no cost, it is 

possible to achieve significant economic results by 
focusing on a service, apparently marginal. 

1.1 Problem background 

Europe, like every other developed region, has 
experienced a rapid expansion of public healthcare 
expenditures in the last 50 years (Erixon et al 2011). 
Unsurprisingly, healthcare expenditures have been rising 
persistently across all industrialized countries since the 
1960s. European Union (EU-15) healthcare expenditures 
per capita, in absolute terms, have been rising steadily, 
showing no indication that these expenditures will 
stabilize, let alone decrease, in the near future.  

Corrected for inflation, the real per-capita expenditure on 
healthcare has been growing around 4% per year since 
1970 . Yet regardless of one’s ideological outlook, there 
are plenty of reasons to be worried about the future 
financing of healthcare. There is a consensus among 
economists that most of the Western European countries 
today run healthcare systems that simply cannot be 
financed in future. Moreover, that future may not be far 
away. Generally, Europe will in the next ten years be 
occupied by consolidating its fiscal balances and debt 
levels. Even if crisis-related measures and developments 
are discounted, Europe is approaching frightening levels 
of public debt.  

In Europe, and other developed societies with entrenched 
models for healthcare financing (e.g. the United States), 
there is an urgent need to find ways to use resources more 
efficiently, and new sources to finance increasing 
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healthcare expenditure, to accommodate increases in 
healthcare demand.  

In the past years, the big strategy has been to contain 
healthcare expenditure increases in order to make 
healthcare affordable for governments. Policy makers with 
a so-called cost-containment outlook are rather enthused 
by the idea of curtailing expenditure growth by rationing 
models that do not sacrifice the quality of healthcare 
service delivery.  

That strategy will not be sustainable. Cost-containment 
can only achieve marginal effects, especially if such 
policies continue along current lines by addressing new 
and additional healthcare spending rather than the bulk of 
total spending represented by delivery of healthcare 
services. What government rather should do is to address 
inefficiencies in the healthcare sector. That would not only 
help to contain cost increases; it would also enable the 
healthcare sector to improve its competitiveness and to 
sustain its growth.  

The same critical situation is evident in Italy, where 
healthcare costs have reached levels that are no longer 
sustainable for the National Health System, having more 
than doubled over the past 15 years.  

In Italy, political decisions try to contain costs using linear 
cuts, such as reduction of hospital beds, payment levels, 
and recruitment block (Cartabellotta 2010). Another 
strategy used to suppress this problem is that of standard 
costs, or the definition of one cost that is valid across the 
entire country for each type of activity or purchase. 

2. Proposed approach 

In addition to the two strategies described in paragraph 
1.1, there is a third way to significantly reduce public 
health costs: streamline individual systems (hospitals, care 
centers, etc.) and the subsystems (divisions, departments, 
laboratories, etc.) that comprise them. Proceeding in this 
context through focused interventions, often at zero cost, 
applying quantitative methods it would be possible to 
obtain significant savings.  

However, for this approach to reach its full potential in 
Italy, significant changes would need to be made in the 
governance of facilities, with a clear distinction of powers 
and responsibilities between managers of care activities 
and managers of systems.  

In other words, doctors and managers should be able to 
coexist with equal dignity within the system, giving to the 
former total responsibility for the patient and to the latter 
the task of organizing and managing all types of resources 
(human, financial, etc.). This would allow the medical staff 
to best perform their activities through the use of resource 
management models. In contrast, currently, and according 
to long tradition, it is the medical directors doctor who 
impose the management rules based on what they 
perceive as necessary to maximize the efficacy of the care, 
but without having access to specific management 
optimization tools and competencies. 

On the contrary, these kind of problems, in other fields 
are generally faced through the application of ad hoc 

optimization techniques (e.g. Bendato et al 2015b; Barillari 
et al 2014). 

Direct consequence of the optimization tools lack is the 
inevitable waste of resources that is the primary cause of 
the continuous increase in healthcare costs, leading to a 
constant reduction in care capacity, to the total detriment 
of patients. Given this, we can deduce that, at least in 
Italy, a revision of the organizational model would need to 
be done in order to pave the way to a radical streamlining. 

It would therefore be necessary to permanently separate 
the responsibilities and careers of those who care for 
patients and those who manage the system. The capacity 
of the latter to manage efficiency will determine the ability 
to continue providing doctors with the resources 
necessary to maintain a high standard of efficacy of care.  

Over the last five years, the authors have performed 
numerous efficiency interventions, involving both the 
core processes (Bendato et al 2015c; Cassettari et al 2013a; 
Revetria et al 2012) and the non-core activities (Cassettari 
et al 2013b; Cassettari et al 2014). Having analysed many 
hospitals, the authors understood that each Structure 
represents a singular reality.  

For this reason, it is not possible to identify, a priori, 
problem clusters with pre-defined solutions but it is 
necessary to face the efficiency improvement of each 
hospital. The approach proposed by the authors is 
quantitative and is based on the utilization of quantitative 
techniques.  

In particular simulation models are used, preferably in 
stochastic regime (Discrete Event Simulation, Monte 
Carlo Simulation, System Dynamics, etc.). The authors 
through the use of such techniques are dealing significant 
saving also in other innovative areas such as energy 
efficiency and analysis of investments in the stochastic 
regime (Bendato et al 2016, Cassettari et al 2011). As an 
example the authors show, in this paper, the results of an 
application to non-core services, generally neglected 
because considered not able to significantly influence the 
whole System costs. On the contrary, from this 
application, it has been possible to free up several million 
euros in resources per year, to be used to increase the care 
activity budget of a Hospital. 

3. Test case: profitability analysis of a hospital 
parking management 

The methodology has been applied to a Hospital internal 
parking area, managed by an external Manager. The 
problem arose when the General Management of the 
Hospital Facility asked the authors to evaluate the 
possibility of increasing the number of parking spaces 
reserved for employees at a subsidized rate (€20 per 
month) in the context of a significant reduction of 
available spaces for external users and, as a consequence, 
reduction of the earnings of the Manager.  

From the initial phase of the study, it was clear that, to be 
rigorous and capable of providing reliable evaluation data, 
the analysis to be conducted could not consider the 
average user load values of the parking area.  
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It was necessary to consider the spaces actually occupied 
during various times of the day and the peak flow of 
vehicles entering and exiting the parking area over a 24-
hour period.  

This flow, obviously, had to be delineated into “typical” 
days and days of maximum user load. Given the nature of 
the problem, it was deemed appropriate, after sufficient 
data collection, to use a System Dynamics simulation 
model (Revetria et al 2010; Homer et al 2006) with the 
goal of evaluating, in stochastic regime, the effective 
number of additional passes to be granted to employees. 
Methodologically, the first step was to precisely analyse 
the entrance-exit flows constantly detected by the 
monitoring system, which is directly connected to the 
access system. These data were, then, organized into 25 
tables, corresponding to the same number of detection 
days. These also identified the maximum number of 
occupied spaces for each day.  The difference between 
this value and the maximum threshold of available spaces 
allowed for the determination of the number of 
occupiable spaces for each individual day. From this it was 
possible to deduce the number of passes that could be 
made available without reducing the earnings of the 
Manager. Figure 1 contains a graph showing the arrivals 
of non-passholders for a period of 20 days, obtained after 
the elimination of statistically anomalous days 
(malfunctioning of detection system). 

 

Figure 1: passholders arrivals in the different hours of a day 

 

Figure 2: peak value of the total number of spaces occupied 
in the different hours of the day 

Similarly, the trends of exits of non-passholders and 
entrances and exits of passholders were inferred. The 
analysis of Figure 1 reveals three peaks, corresponding to 
the beginnings of shifts. The first peak is the largest, since 
both paramedical staff and service staff enter during this 
time. Similarly, the exits have three peaks, related to the 
end of the respective shifts, with the afternoon peak being 
the largest due to the end of the working day for the 
service staff. The same analyses were conducted for non-
passholders. Finally, a count was made of occupied places 
throughout the day, with the daily trend over the various 
days considered shown in Figure 2. 

3.1 Construction of a simulation model 

A System Dynamics simulation model was built to model 
the studied system (Figure 3). The model is built around a 
central block (the parking area enclosed by the red box), 
divided into places occupied by non-passholders and 
places occupied by passholders, differentiated by the 
various hours of the day. The green box encloses flows of 
entrances and exits of passholders, the yellow one is 
related to non-passholders. Such flows determine 
therefore the occupancy level of the parking area.  

 

Figure 3: Simulation model structure                             

 Inputs in the model (non-passholders and passholders 
arrival and departure rate) are regulated through 
appropriate probability distributions, built on the basis of 
the results obtained in the data collection phase (Figure 4 
and 5). The system is able to monitor the occupancy level 
of the parking garage (system variable), differentiating 
between occupancy by passholders and non-passholders. 
It also verifies how many requests for service are not 
satisfied. The responses supplied by the model indicate its 
significant descriptive capacity and a strong 
correspondence to the actual situation (Figure 6).  The 
The comparative analysis between the outputs of the 
model and the calculations performed in the data 
collection phase has enabled to validate the model. 
Therefore, the trend of occupied places throughout the 
day could be monitored. 
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Figure 4: probability density function describing the arrival 
rate of passholders from 9 am to 10 am. 

 

Figure 5: probability density function describing the 
departure rate of non-passholders from 3 pm to 4 pm. 

 

Figure 6: trend of occupied spaces throughout the day 

The parking lot is able to satisfy the current total service 
demand. The trend of space availability over a “typical” 
day is shown in Figure 7. 

It is therefore possible to increase the number of passes 
up to a maximum of 108 units, a critical number with 
regard to the period of maximum crowding. 

 

Figure 7: trend of space availability over a “typical” day 

3.2 Economic analysis 

At the time of the study, the current arrangement with the 
parking area Manager was about to expire, and the 
Hospital management had to determine the economic 
bases upon which to renew it. The Authors, therefore, 
deemed it appropriate to extend the study to include the 
determination of the volume of income that could be 
earned in one year at the current rates. The value resulting 
from the analysis was €1,659,288/year, also taking into 
account the new number of passholders. Considering that 
the Hospital received a fee from the Manager equal to 
€360,000/year, we can deduce that the latter obtained a 
gross margin of approximately €1,300,000/year.  
Deducting from this value costs related to facility staff, 
equal to €109,000, we arrive at an EBIT of 
€1,200,000/year for the Manager. As a consequence, the 
Authors proposed to management two possible 
economically advantageous solutions: 

 declining to renew the contract with the Manager, 
managing the parking area in-house, for an annual 
net gain of at least €1,000,000/year. 

 renewing the contract, proposing a fee of 
€1,000,000/year (for an increase to the Hospital of 
€640,000/year). 

4. Conclusions 

In contrast to the strategy of linear cuts and standard costs 
led by the Italian National Health Service to face the 
budget reduction, the Authors propose the logic of the 
efficiency improvement of core and non-core services. In 
this way it is possible, even in the presence of reduced 
resources, to keep the same effectiveness of the care level. 
In this paper the Authors propose a generalized 
methodology, based on the efficiency improvement 
techniques for complex systems, to be applied to the 
whole organizational structure of each individual hospital 
to identify the inefficiency sources and work on them. 
The test case, chosen among the services which are 
generally considered not to affect on the overall structure 
costs, shows the validity of the methodology as it has 
allowed a significant save of economic resources. 
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