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Abstract:  

Supply chain optimization is now a major research theme in process operations and management. A great 
deal of research has been undertaken on facility location and design, inventory and distribution planning, 
capacity and production planning and detailed scheduling. Only a small proportion of this work directly 
addresses the issues faced in the pharmaceutical sector. On the other hand, this sector is very much ready for 
and it need of sophisticated supply chain optimization techniques. 
Starting from these considerations, this paper has been focused on the feasibility analysis of clustering in a 
central warehouse the management of the common resources of hospital pharmacies. The items taken into 
account comprehend all the products managed directly by the hospital pharmacies: from the drugs to the 
medical devices.   
At first the best practices implemented in other Italian Regions have been critically analysed and used as 
reference for further improvements. All the relevant issues were considered in order to provide a complete 
overview of such management system: in particular the economical and organizational aspects have been 
faced. Great emphasis was given to the effectiveness and efficiency of the new logistic procedure. As case 
study an area comprehending three territorial zones of a Region in central Italy has been evaluated. The main 
aim was to demonstrate if the centralization of the warehouse for a list of selected pharmaceutical items can 
improve the efficiency of the medicines and medical devices distribution from the warehouse to the hospital 
wards in terms of saving and better organization. 

Keywords: pharmaceutical management, resource procurement, warehouse centralization, ABC analysis, 
supply chain  

1. Introduction 

According to Shah (2004), supply chain optimization is 
now a major research theme in process operations and 
management.  

In Italy there has been an increasing effort in rationalizing 
the supply chain in the health sector, especially through 
centralized purchasing strategies which economic benefit 
lies in the potential economies of scale. 

In this paper has been demonstrated, for a list of selected 
pharmaceutical items, how the centralization can improve 
the efficiency of distribution from the warehouse to the 
hospital wards in terms of saving and better organization. 
This study focalized his attention only on pharmaceutical 
items that weight upon the budget of the three territorial 
zones considered, for about 75%, that are defined as A 
group. Within this group, only the items managed as 

inventories that showed a normal distribution of the 
requests were taken into account.  

For each eligible article were defined: the Annual demand, 
the Service level, the Lead-time the Buffer Stock (BS), the  
Distribution of drawing frequencies and the Reorder 
Point (RP). Then the annual quantities of stocks and their 
economical value, for the three areas considered, and for 
each item, were calculated; a comparison between the 
quantities managed with the actual system and with the 
centralized one was performed. 

In the last part of the research aspects related to the 
implementation and the organization of a new centralized 
warehouse both from a cost prospective and from an 
organizational one, has been addressed. 

2. Overview of the Italian situation 

According to France et al., 2005, Italy has been pursuing 
in the last years a rationalization of expenditure in the 



health sector, mostly through the centralization of 
purchasing. Nevertheless the implementation of this 
strategy varies greatly from Region to Region. 

The Italian Central Government shares the management 
of the health care with the 21 Regional administrations  
that have the responsibility of the budget allocation and 
control. 

A recent study carried out by the Fiaso-Ceis Laboratory in 
2009, on the organizational structure of purchasing 
activities in Italian health care regional systems, showed 
five different approaches:  

1. Regions adopting the light model of Inter 
institutional Cooperation that consists in the 
aggregation of common need from the bottom; 

2. Regions adopting the light model of Vast Areas; 
3. Regions adopting the intermediate model of 

associative cooperation of Vaste Area; 
4. Regions adopting the strong model of Public 

Agency; 
5. Regions adopting the strong model of Public 

Enterprise. 
Age.Na.S., 2008, defined the different approaches as 
“weak” (the models with low organizational and structural 
complexity and with narrow formal autonomy), and 
“strong” (the models in which specific organizations were 
established and empowered with different degrees of legal 
and organizational autonomy). 

As far as logistic aspects are concerned, in adopting 
centralized purchasing strategies, it is always necessary to 
redesign the supply chain in terms of materials (drugs and 
medical devices), information flow management and 
transport system. The logistic model that many Italian 
regions are pursuing consists in the implementation of a 
regional distribution centre that groups together different 
logistics activities and manages the supply of  medical and 
non-medical products otherwise fragmented through a 
number of single warehouses. The aim of this approach is 
to reduce the level of stocks, to improve the turnover 
ratio, to overcome logistic inefficiencies due to multiple 
good handled, the lack of economies of scale, the 
duplication of resources employed for inventory and 
order processing. 

One of the best practices in Italy is represented by the 
ESTAV agencies of Tuscan region. As described in the 
Fiaso-Ceis report, the Local Health Services, and the 4 
hospitals of this region (that comprehend 18 hospital 
pharmaceutical warehouses), are managed by three 
geographical governance agencies named ESTAV that are 
in charge of: supply of goods and services; management 
of warehouses and logistics; management of information 
networks and information technology; real estate asset 
management; human resource management and staff 
training. The ESTAVs procurement responsibilities 
include: procurement calendar, product selection, contract 
management, programs to support new technologies and 
innovation. They also have responsibilities for placing 
tenders in the market, for evaluating suppliers, negotiating 
and managing contracts. The ESTAVs – each responsible 
for its own geographic area – also provides a logistics 
service for specific product categories including packaging 

and material handling, warehousing and transportation 
operations. They provide end-to-end supply chain services 
for certain consumable categories incorporating 
procurement, logistics, e-commerce, web based product 
catalogue and customer and supplier support. 

3. Materials and methods  

3.1 Warehouse centralization 

 

Figure 1. General scheme of a centralized warehouse 

In order to assess the feasibility and the economical 
convenience of warehouse centralization as proposed in 
the scheme of Figure 1, it have been evaluated the costs of 
the stocks for the two different configurations for a list of 
selected items; moreover major aspects beside the 
economical ones were discussed with experts and 
personnel working in the hospital pharmacies. 
One of the main aim in centralizing a warehouse is the 
minimization of the inventory costs maintaining a service 
level adequate for satisfying the customers requests. The 
three main factors in the decision making process for 
inventory control are: the cost of holding the stock (e.g., 
based on the interest rate); the cost of placing an order 
(e.g., for row material stocks) or the set-up cost of 
production; the cost of shortage, i.e., what is lost if the 
stock is insufficient to meet all demand.  

The third element is the most difficult to measure and is 
often handled by establishing a "service level" policy, e. g, 
certain percentage of demand will be met from stock 
without delay. 

In this study, in order to evaluate the different 
pharmaceutical management choices it was necessary to 
concentrate the attention on the most influent items using  
statistical methods as ABC analysis. To perform the ABC 
analysis a map of the activities necessaries to obtain, as 
“process output”, the availability of the pharmaceutical 
items in the quantities needed and at the right time were 
defined. Then, by using the resource cost drivers, the 
related costs were attributed to each activity. 

In order to evaluate, for each considered item, the 
parameter necessaries to compare different warehouse 
configurations (such as buffer stock, reorder point), data 
as average demand, lead time and the correspondent 
variance and standard deviation were collected/calculated. 
Beside the necessary economic analysis, the convenience 
of centralizing the procurement and distribution of the 
considered items, has to be evaluated considering also 
other aspects. In order to define the main parameters that 
have to be taken into account, personnel (hospital 
pharmacists, hospital resource managers, local authorities 



responsible for the healthcare system, etc) were 
interviewed. 
From these discussions have been identified the following 
major aspects that have necessarily be considered and 
planned before implementing a centralized system. 

• Identification and localization of suitable warehouse 
spaces in accordance with current regulations on 
storage and distribution of pharmaceutical items.  

• Definition of appropriate equipment and plants 
necessary for storage and displacement of products in 
the warehouse. 

• Design of the supply chain and relative material flux 
from the suppliers (already in place or new) to the 
hospital and territorial wards, their storage in 
appropriate conditions, their packaging, the 
expeditions, the deliver to the wards. In particular it 
will have to be defined the procedures to apply in the 
following phases: 

� Acceptance and managements of the orders; 
� Emission of orders to the suppliers 

(definition of “when” and “how much”); 
� Goods acceptance and verification of 

correspondence with orders (quality and 
quantity); 

� Storage modalities based on product 
characteristics; 

� Economical management of stocks; 
� Efficient and automated management of 

reorder; 
� Management of all accounting aspects. 

• The level of automation of the system proposed. 

• The definition and design of the management 
software. 

• The model for management of stocks and reverse 
flux of materials. 

• Delivery times (scheduled delivery and urgent 
delivery). 

• Phases and schedule for the realization of the 
complete centralized system, starting from the 
current situation. 

• Definition of number and typologies of human 
resources necessaries. 

• Definition of transport means and delivery 
modalities. 

3.2 Related research work  

The problem of managing medical supplies procurement, 
storage and distribution is crucial for hospitals from an 
economical and organizational point of view. The issues 
connected with the hospital supply chain has been faced 
by several authors from different point of views. 
Aptel (2001) said in his paper that management of medical 
supplies is one of the most important managerial aspect in 
healthcare industry. He listed all the pros and cons, in 
terms of efficiency and cost saving, for three different 
model for drugs distribution: delivery to medical 
department via a central warehouse;  semi direct delivery 
via medical department warehouse; direct delivery via 
daily replenishment of small medical department storage 
facilities. 

Lapierre and Ruiz (2007) presented in their paper an 
innovative approach for improving hospital logistics by 
better coordinating purchasing, procurement and 
distribution operations while respecting inventory 
capacities. They put the emphasis on the scheduling 
decisions: when to buy a product, when to deliver to each 
care unit, when each employee should work and what task 
should he do, etc.. The models and algorithms developed 
were tested on a real case extracted from a hospital based 
in Montreal, Canada. 
Madali, Kurz and Ashayeri (2010) addressed specific 
inventory management decisions with transportation cost 
consideration in a multi-level environment consisting of a 
supplier–warehouse–retailers. They developed two models 
(decentralized and centralized ordering model), to 
investigate the effect of collective ordering by retailers on 
the total inventory cost of the system. A numerical study 
shows that the proposed model generates reasonable cost 
savings and can be effectively applied to the supply chain 
of medicines to a number of hospitals from a wholesaler. 
When facing the problem of an effective supplies 
management there is always the need to consider costs 
reduction. 
Steinberg, Khumawala and Scamell in 1982 proposed this 
topic in their research paper. They stated that an 
important problem confronting health care 
administrations is cost containment in hospitals. Much of 
the current high costs can be traced directly to outdated 
procedures in materials management leading to waste, 
excessive inventory and unnecessary obsolescence of 
expensive short shelf life items. The problem of price 
determination has been addressed from S.S. Mishra and 
P.P. Mishra (2008); in their paper they made the attempt 
to analyze and compute the price of a inventory for each 
unit of deteriorating items using EOQ model. Along with 
the optimization technique, the marginal revenue and 
marginal cost approach has been employed to determine 
the price of a unit item of inventory. The numerical 
computation of two control parameters like order size and 
order point has been proposed by Alstrom (2001) in the 
inventory control model; they demonstrate the 
effectiveness of such a model for controlling the system 
and defining the economic consequences of the use of 
approximations in computations of optimal policies.  

4. Case Study  

The main objective of the study was the evaluation of the 
convenience of creating a centralized warehouse for the 
area defined as “AreaVasta3” that comprehend three 
territorial zones: the Area8-TZ8 (113,887 inhabitants), the 
Area9-TZ9 (139,433 inhabitants) and the Area 10-TZ10 
(48,941 inhabitants).  

 

Figure 2. Marche Region: Area of analysis. 



The term “Area Vasta”  defines an organizational level 
below the central health management system of the 
region, that has to carry out administrative, technical and 
logistic functions that are not conveniently managed 
centrally. The Area Vasta is not only the representation of 
an administrative level but the reference for a catchment 
area with a variable geometry defined with respect to the 
epidemiology hence to the needs and not necessarily 
coincident with provincial boundaries, capable of 
effectively guarantee the territorial health planning and the 
integration of functions. 

The evaluation of the characteristics and the feasibility of 
creating a centralized warehouse in the area considered 
and the comparison with the actual situation 
(pharmaceutical warehouses in each hospital) was done by 
focusing the attention on the medical supplies that weight 
on the total pharmaceutical budget for the 75%, 
comprehending both the economical value of drugs and 
the medical devices such as syringes, lints, band-aids, etc.. 

By using the ABC analysis it was established which items 
determine the 75% of the total budget of the three 
hospital pharmacies for one year. The result was that the 
3.3% of the articles analyzed, corresponding to 206 
different items, contribute for the above mentioned 
percentage. Within those 206 pharmaceutical articles some 
are “transient”, terms that defines all the medicinal or 
devices that go directly into the ward without being stored 
in the warehouse. Those were not of interest for this 
research and were not considered, leaving 162 units that 
are managed as inventory and have an impact on  the total 
budget of the 67% . 

Each item was analyzed to define the quantities requested 
each months and the correspondent costs, the service 
level, the lead-time and the distribution of the frequency 
of request for each item considered.  

As example it will be presented the analysis performed on 
one of the item object of the study: a drug sample defined 
by the ID 14, that is a generic anti-infective for systemic 
use. In Figure 3 and 4, the quantities of the medical 
specialty,  requested each month and  recorded from the 
center of cost for  the year 2007 and 2008 and the 
respective cost are presented. 

 

Figure 3. Quantities of medical specialty 

 

 

Figure 4. Cost of medical specialty 

Statistical parameters as average value of the quantity 
requested in the considered period, variance and standard 
deviation were calculated for each unit. Moreover the 
Service Level (SL) was established thanks to the 
collaboration with the personnel in charge of the 
pharmaceutical procurement and Lead-time (time between 
the emission of the order and the arrive of the material in 
the warehouse) was measured.  

In Table 1 values of the above mentioned parameters for 
the drug sample ID 14 are reported. 

Drug 
sample 

LT  
[Days] 

2

LT
σ  m

d  

[unit/month] 

2

dm
σ  

Cost 
per unit 

[€] 

ID 14 4 0,25 2172,5 395367 5,27 

Table 1. Statistical parameters for ID 14 

Analyzing the orders it was possible to determine the 
frequencies of request and their distribution; it was 
decided to consider only articles that showed a normal 
distribution. This last selection reduced the total number 
of units object of this study from 162  to 135. 

In the next phase of the research, the buffer stock and the 
reorder point were calculated for each item (the 
independent variables were the lead-time and the service 
level) for the three territorial zones. 

As example it will be again used the case of the drug 
sample ID 14. 

The parameter taken into account to calculate the buffer 
stock were the average request for the item during the 
lead-time, the lead-time and the service level. 

The personnel in charge of the pharmacies procurement 
defined the service level for each item and the 
corresponding stock-out probability. As an example for 
the drug sample ID 14, the hospital pharmacy of the TZ9 
defined a SL of 70%. 

In Table 2, the buffer stock, the reorder point and the 
Stock cost, for the procurement of the drug sample ID 14, 
in the three areas are shown. 

 

 



 LT
d  σd               BS RP Stock cost [€] 

TZ8 283.9 1137.2 597 880.9 3146.42 

TZ9 347.6 1258.3 660 1007 3478.2 

TZ10 122 745.5 391 867.5 2060.7 

Table 2. BS, RP and costs of the three territorial zones 

The total buffer stock for the drug sample ID 14 for the 
three area (Z8-Z9-Z10) is of 1,648 units with a total cost 
of 8648.59 Euros. 

It was determined the buffer stock for all the 135 
pharmaceutical supplies selected with the above explained 
criteria, giving a total cost for managing such quantities of 
1,036,741€ (376,382 for TZ8, 412,793 for TZ9 and 
247,566 for TZ10). 

In Table 3 the comparison between the actual 
management system (three different pharmacies that 
provide the supplies for the three territorial areas) of the 
pharmaceutical supplies and the proposed centralized 
warehouse is presented for all the 135 items considered. 

Actual management system – Tot. BS cost 1,036,740€ 

Centralized warehouse - Tot. BS cost 609,561€ 

Cost saving -427,179€ 

Percentage of savings -41% 

Table 3. Difference between BS costs  

In the evaluation of the cost difference it is important also 
to take into account the additional saving generated from 
the discount applied by the suppliers for larger orders. 

5. Discussion and results 

An analysis of  the data related to the values of averaged 
stocks, in the case of the Tuscan ESTAV centralized 
warehouse (recognized as one of the best Italian practice) 
showed that the total costs for managing the stocks before 
and after centralization went from 19,803,394€ to 
10,874,087€ with a saving of about 45%, percentage in 
line with the results obtained for the analyzed Area Vasta. 

5.1 Additional advantages 

The costs reduction due to the centralized procurement 
strategy is not limited to the savings generated from the 
stock management optimization; there are other main 
factors that contribute to reduce the economic resources 
needed for the management of pharmaceutical items. 

As an example of such factors, it has again proposed the 
case of the Tuscan centralized system. Table 4 reports a 
summary of the economic saving obtained after the 
centralization and Table 5 shows the comparison between 
the main organizational factors before and after the 
centralization. Beside the economic benefits, it is worth 
noticing how the centralization affected in a significant 
way, also many organizational aspects such as the 
decreasing of the product line and the annual orders, the 
increasing of the replenishment frequency and of the 
turnover index. 

Productive 
Factors 

Costs before 
centralization 

[103€] 

Costs after 
centralization 

[103€] 

∆ 

[103€] 

Permanent 
employees 

7.946 1.700 - 6.246 

Contractors 1.626 870 - 756 

Consumables Not available 155 155 

Other services Not available 302 302 

Maintenance 
services 

68 30 - 38 

Utilities 107 400 293 

Leased assets 
to third parties 

614 1.297 683 

Insurances Not available 50 50 

Products 
delivered/year 

143.641 104.391 - 39.250 

Value of 
average stocks 

19.803 10.874 -8.929 

Table 4. Comparison between annual management costs 

Organizational 
factors 

After 
centraliz. 

Before 
centraliz. 

∆ 

Warehouses 1 22 -21 

Surface (m2) 9.500 9.311 +189 

Volume (m3) 57.000 35.718 +21182 

Leasing (n°) 1 8 -7 

Product lines 12.900 146.784 -133.884 

Replenishment Every day 2/week +5/week 

Orders per year 9.000 76.153 -67.153 

Turnover index 9,6 7,25 +2,35 

Warehouse staff 51 108 -57 

Pharmacists 4 44 -40 

Table 5. Comparison between management factors  

5.2 Overview of costs  

To complete a feasibility analysis it is necessary to address 
the costs that have to be sustained for implementing and 
managing a centralized structure. The following major 
costs have necessarily be considered before implementing 
a centralized system: 

• design cost; 

• transport cost calculated as 

∑
=

k

i

iti
cV

1  
where: Vi is volume of products shipped from centralized 
warehouse to hospital i; cit is the unit transportation cost 
between centralized warehouse and hospital i; k is the 
number of hospital served by the centralized warehouse. 



• warehousing cost: fixed and variable costs; 

• cost for implementing and maintaining software; 

• training cost; 

• cost of moving, managing and relocating the 
drugs to consolidated site; 

• cost to purchase the warehouse structure (if it is 
necessary a new structure), or to reorganize and 
adapt an owned structure; 

• cost for the personal involved in the warehouse 
managing and operations; 

• cost for the technological devices and structures 
necessary for the warehouse working. 

It is very important to carefully evaluate all these costs to 
avoid a saving overestimation in the change toward a 
centralized warehouse. 

6. Conclusions 

This study was carried out in collaboration with one of the 
local health service called Area Vasta of the Marche 
Region in order to answer to the increasing need of 
rationalization and optimization of resources and costs in 
the health service and in particular in the management and 
procurement of pharmaceutical items. The general trend 
in Italian health reality is to centralize the management of 
such items and there are few regions in which this 
approach has been already implemented with satisfying 
results in terms of saving and better organization.  

In this paper have been compared two different 
management approach for medical items procurement in 
the hospitals of a territorial zone in a region of the central 
Italy: centralized warehouse versus single hospital’s 
warehouses. The study has been made on a selected range 
of medical supplies based on their incidence of the three 
separated hospital budgets. It has been demonstrated the 
economical convenience of centralizing the procurement 
systems with a saving of about 41%, percentage in line 
with the results obtained by the ESTAV experience in 
Tuscany that represents one of the best practice in 
pharmaceutical warehouse centralization.  

The overview of the Italian situation and, in particular the 
analysis of ESTAV case, has underlined other benefits, in 
terms of resources use optimization, of this management 
approach such as staff optimization, increased frequency 
of replenishment, rationalization of product lines and 
orders.  

To have a complete overview on how to face a feasibility 
analysis, it is necessary to consider also the costs to sustain 
for implementing maintain a centralized structure.  
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