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Abstract: The pharmaceutical industry is going through a difficult time in Mexico. Despite all the 
advances and improvements in the methods of production, storage and distribution, many pharmaceutical 
companies still struggle to meet market demand effectively and consistently. The risks faced by the 
supply chain of the pharmaceutical industry are diverse and typical of an industry dedicated to health 
care. So, the location to locate new facilities includes several strategic and tactical decisions that must 
consider aspects of production, distribution, material flow, optimal inventory, the perishability of 
products, safety, among other factors. The application of robust hybrid models will allow obtaining the 
best solutions, taking into account the network optimization, greenfield analysis and risk scenarios. This 
paper presents a case study for a pharmaceutical company that operates in Mexico and plans to expand its 
operations seeking the optimal operation of the supply chain. The inherent risks to a supply chain of 
pharmaceutical products, different scenarios and parameters were considered, which will allow making 
decisions based on technical evidence in order to improve the performance of the company. Modelling 
the expansion of operations and the performance of the supply chain was carried out using the specialized 
software Anylogistix. Copyright © 2019 IFAC 
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1. INTRODUCTION  

Business development involves expanding business activities. 
This process can take place without modifying the product or 
the main activity, trying to improve the production processes 
and increase sales (expansion) or expanding the scope of 
activities (diversification). It is of crucial importance that 
companies decide early enough on its capacity investment 
plan to guarantee the availability of the necessary 
manufacturing capacity resources to produce the new 
products as soon the marketing authorization is granted 
(Levis 2004). 

The global pharmaceutical industry is grappling with 
tremendous turmoil in the marketplace and a dramatically 
changing competitive landscape (Susarla 2012). Despite all 
the advances and improvements in production, storage and 
distribution methods, many pharmaceutical companies are 

struggling to satisfy market demand effectively and 
consistently. The presence of uncertainty contributes to the 
challenges in this industry (Zahiri et al. 2017). Nowadays the 
pharmaceutical industry faces more challenges and expenses 
than ever. Costs of the healthcare industry are increasing 
throughout the world. For example, the healthcare cost in the 
United States was $3.24 trillion in 2015, and it is forecasted 
to soar to $3.78 trillion in 2018 (Savadkoohi et al. 2018).  

The problem of locating new facilities in the pharmaceutical 
sector includes several strategic and tactical decisions that 
deal with issues of manufacturing, distribution, material flow, 
optimal inventory as lead times, product’s perishability, 
safety, among other factors. All this in order to minimize the 
total cost of the network. The complexity of the problem is 
mainly attributed to the wide variety of parameters and levels 
of decision involved. 
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Outsourcing is the assignment of specific processes to an 
outsourced specialist in business services and may provide 
organizational flexibility. Although it has a variety of 
organizational benefits, it can also pose difficulties if a 
suitable service provider is not identified. Delivery time is an 
essential factor in any supply chain and inventory 
management system. A high level of service for medical 
supplies and effective inventory policies are essential 
objectives for all healthcare industries (Uthayakumar et al. 
2013). Selecting the appropriate location of a facility is 
important since it mainly determines the level of operating 
costs, investment costs, and can correct some of the troubled 
factors of the layout of the place. The analysis of the 
consequences of opening a plant will offer the foundation to 
make an optimal decision having a quantitative support. 

The diverse challenges existing in the pharmaceutical 
industry mainly focused on supply chain have been 
extensively studied by Lainez et al. (2012) and Papageorgiou 
(2009). They have been addressed from different points of 
view by several authors. Management of the procurement, 
storage and distribution of pharmaceutical products is crucial 
for hospitals and pharmaceutical companies from the 
economic and organizational points of view. (Uthayakumar 
2013). 

2. PROBLEM FRAMEWORK 

Supply chain can be defined as the sequence of suppliers that 
contribute to the creation and delivery of a merchandise or 
service to a final customer. Many processes and flows 
intervene within each link and outside of it. For this paper, 
the string is summarized as to: production – storage – 
distribution –customers.  

A feature of the pharmaceutical companies is that the value 
of their inventory is sizable. This is to ensure a high level of 
service against any business interruption and seize any 
opportunity that presents itself (for example, an increase in 
demand during an outbreak of disease).  

Effects of opening a plant will be analysed, considering 
location, management, inventories, distribution, and network 
optimization. Special care should be taken in the decisions 
that are made to guarantee 100% product availability at the 
right time, cost, safety, and optimal conditions for customers. 

2.1.  Anylogistix (ALX) 

Anylogistix (ALX) is a specialized software used to address a 
wide range of management problems supply chain (SCM). 
Decision making in supply chain management involves the 
use of quantitative methods normally based on network 
optimization and simulation. It allows you to find suitable 
site location considering demand, capacities, seasonality, 
types of products, customer locations, roads, fixed and 
variable costs, inventory, risks of supply chain, etc. This is 
useful to make an optimal decision based on cost, revenue, 
client service levels, utilization rates and other parameters 
used in supply chain. 

Moreover, you can analyse how efficient the current 
distribution network is, and see if it makes sense to 

reconfigure it, add DCs (Distribution Centers) , opening or 
closing an existing one. An ALX simulation model allows 
you to capture the randomness in the behavior of the 
elements of the chain that allows a risk evaluation and 
experiments. You can study how the parameters change over 
time, which allows identifying cause-effect dependencies in 
the network. It combines optimization analytical methods 
with simulation to be able to have a much deeper analysis. 

2.2.  Mathematical Problem Framework  

This paper considers a design of a multi-product, three-
echelon pharmaceutical supply chain with one manufacturer, 
DCs available, and customer locations. It presents several 
scenarios incorporating uncertainty in model parameters to be 
able to make an optimal decision based on quantitative data. 

The network optimization is based on a typical transport 
model with intermediate nodes. It is the movement of goods 
going from a source to a destination, where variations can be 
sent in all directions. It allows to have the cheapest routes to 
take product from origin to destination, passing through 
intermediate points. 

The nodes that exist are: origins which are the ones that send 
the product - plant (i), destinations who receive product - 
customers (j), and the transhipment nodes who receive / send 
product - DCs (k).   

                                                                                     (1) 
st: 
               (2) 

The quantity of merchandise that goes out, less the amount 
that comes in must be equal to the supply (a).        

                 (3) 

The quantity of merchandise that arrives, less the one that 
comes out, must be equal to the demand. 

                                                                                                        

                (4) 

The supply equals demand for the product 

Where: 

= cost of moving from i to j 
= product transferred from i to j 

= supply in i 
= demand in j 

k = subscript nodes of transhipment. 
 
In this paper, using ALX, locations for a pharmaceutical 
facility will be proposed using a Greenfield Analysis (GFA). 
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It uses real strokes of the land allowing more accurate 
solution optimal location. It considers the location of 
customers, products, product demand and distance between 
customers, DCs and plants. Different scenarios will be 
analysed with different clients, demands and types of 
methodology. The scenarios analysed are: 
 

• Scenario 1A.- Optimal location GFA 
• Scenario 2A.- Optimal location with + 30% demand 
• Scenario 3A.- Optimal location with + 100% demand 
• Scenario 4A.- Optimal location with -20% demand 

 
Scenarios 1A and 2A only consider the current demand, they 
do not consider eventualities. It is very important that 
companies take into consideration a capacity investment plan 
to guarantee the best conditions. Given the above, ALX 
allows to analyse where these potential customers could be 
located based on the population density that exists by area of 
the country. In places where more inhabitants live, there is 
more likely to be demand for the products. 
  
Subsequently an analysis of Network Optimization (NO) will 
be carried out, based on a transhipment model. The above 
will provide us with an optimal solution derived from the 
results of the GFA. It considers costs, distances, supply, and 
demand. The scenarios analysed are the following: 
 
• Scenario 1B.- Optimal location GFA 
• Scenario 2B.- + 30% demand 
• Scenario 3B.- + 100% demand 
• Scenario 4B.- -20% demand 
 

3. SOLUTION APPROACH 

3.1 Greenfield Analysis (GFA) 

The aim of this analysis is to define the ideal location of a 
facility considering the customers´ location and their demand. 
It is based on the following mathematical method: 

                                                                        (5) 

                                                                        (6) 

Where: 
= x coordinate of the location i 
= y coordinate of the location i 

= volume for the location i 
 

ALX considers actual strokes distances between one point 
and another. Using only the mathematical method does not 
work because it only considers coordinates, not actual 
distances or roads. 

Based on the data indicated in Table 1 and 2 an optimal 
location analysis was performed.  

Table 1.  Location and demand by customer for Scenarios 
1A, 4A, 1B and 4B 

CLIENTS X Y 
PRODUCT 
1 (PCS) 

PRODUCT  
2 (PCS) 

VOLUME 
(PCS) 

CLIENT 1 19.366986 -99.053344 24000 12000 36000 
CLIENT 2 19.691144 -99.212146 18000 4200 22200 
CLIENT 3 19.37213 -99.098921 4800 2400 7200 
CLIENT 4 19.525414 -99.103442 2400 1800 4200 
CLIENT 5 19.065549 -98.103715 3000 2160 5160 
CLIENT 6 19.429033 -99.136257 1200 600 1800 
CLIENT 7 19.508216 -99.158846 600 360 960 
CLIENT 8 19.077665 -98.155057 2400 960 3360 
CLIENT 9 19.762902 -97.250398 2400 600 3000 
CLIENT 10 21.067031 -101.687242 2400 480 2880 
CLIENT 11 19.36011 -99.118637 1200 240 1440 
CLIENT 12 18.901396 -99.227063 1440 240 1680 
CLIENT 13 20.597281 -100.381743 960 360 1320 
CLIENT 14 20.14495 -98.340119 600 240 840 
CLIENT 15 19.509386 -101.615386 600 120 720 
CLIENT 16 20.85529 -103.4462 480 240 720 
  TOTAL 66480 27000 93480 

Table 2.  Demand by customer / product for Scenarios 
2A, 3A, 2B and 3B 

CLIENTS X Y PRODUCT 
1 (PCS) 

PRODUCT  
2 (PCS) 

VOLUME 
(PCS) 

CLIENT 1A 19.42847 -99.12766 4091 1752 5843 
CLIENT 2A 19.35529 -99.06224 4091 1752 5843 
CLIENT 3A 19.60492 -99.06064 4091 1752 5843 
CLIENT 4A 20.66682 -103.39182 4091 1752 5843 
CLIENT 5A 19.03793 -98.20346 4091 1752 5843 
CLIENT 6A 19.54005 -99.19538 4091 1752 5843 
CLIENT 7A 32.5027 -117.00371 4091 1752 5843 
CLIENT 8A 19.40061 -99.01483 4091 1752 5843 
CLIENT 9A 19.49392 -99.11075 4091 1752 5843 
CLIENT 10A 25.67507 -100.31847 4091 1752 5843 
CLIENT 11A 21.12908 -101.67374 4091 1752 5843 
CLIENT 12A 20.72356 -103.38479 4091 1752 5843 
CLIENT 13A 19.47851 -99.23963 4091 1752 5843 
CLIENT 14A 22.14982 -100.97916 4091 1752 5843 
CLIENT 15A 25.67678 -100.25646 4091 1752 5843 
CLIENT 16A 20.97537 -89.61696 4091 1752 5843 
  TOTAL 65456 28032 93488 

 

3.2 Network optimization (NO) 

The objective of the following analysis is the optimization of 
the chain in each of the scenarios. It is based on a 
transhipment model or transport problem with intermediate 
nodes. For product delivery, DCs are used. Table 3 show the 
location of each one available. 

 Table 3.  Location of DCs available 
# OF DC X Y 

DC1 19.328 -99.15 
DC2 19.57 -99.2 
DC3 19.468 -99.13 

 

There is a proportional relationship between the collection 
booths and the distances travelled. On the other hand, the 
inventory policies were considered; they have a minimum 
and maximum inventory policy (see Table 4). They are 
calculated for any eventuality (increase in demand, storage 
cost, immediate response). 
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Table 4.  Inventory Policies 

PRODUCT MINIMUM 
INVENTORY 

MAXIMUM 
INVENTORY 

PRODUCT 1 
(PCS) 7200 10080 

PRODUCT  
2 (PCS) 2880 3600 

 

Based on historical data, it was determined that the 
transportation cost per km is $0.59 per piece. The above was 
calculated considering tire wear, fuel cost, booths, among 
other factors considered in its cost structure. The production 
cost of Product 1 is $100 per piece, its selling price is $350. 
Product 2 has a production cost of $72.56 per piece, and its 
selling price is $310. 

3.3 Comparing Scenarios 

Table 5 summarizes the locations obtained in the Greenfield 
Analysis: 

Table 5.  Locations by Scenario 
SCENARIO DESCRIPTION X Y 

1A Optimal 
location GFA 19.37 -99.05 

2A 
Optimal 
location with + 
30% demand 

19.38 -99.06 

3A 
Optimal 
location with + 
100% demand 

19.49351 -99.11 

4A 
Optimal 
location with -
20% demand 

19.37 -99.05 

 

The result thrown in Scenario 1A coincides with Scenario 
4A. The change of 20% of the demand did not represent a 
strong factor for the location of the plant to be moved. Figure 
1 shows the graphical comparison of each location. 

 

Fig. 1. Comparative graph of the locations (GFA analysis) 

 

Scenarios 1A and 4A (light pink and light green circle 
respectively) are very close to scenario 2A (strong green 
circle). Scenario 4A (strong pink circle) is little bit far away; 
distances represent a strong variable in this decision.  

The ideal location with the current demand is presented in 
scenarios 1A and 4A. 

Moreover, table 6 summarizes the locations obtained in the 
Network Optimization Analysis: 

 

Table 6.  Locations by Scenario 

SCENARIO DESCRIPTION 
AVERAGE 
DISTANCE 

(km) 

MINIMUM 
DISTANCE 

(km) 

MAXIMUM 
DISTANCE 

(km) 

DC 
NOT 

USED 

1B Optimal 
location GFA 100.77 4.52 477.17 DC 2  

2B + 30% demand 109.28 4.44 477.17 DC 2  
3B + 100% demand 237.29 2.9 2283.62 -  
4B -20% demand 27.35 6.76 114.13 DC 2  

 

Figures 2, 3, 4 and 5 describe the distribution that must be 
used in each Scenario.  

 

Fig. 2. Network Distribution – Scenario 1B 

DC1 serves 7 customers, representing 59.4% of the volume. 
DC 3 serves 9 customers, representing 40.6% of the 
remaining volume. DC2 is not used in this scenario, its 
location is far away from the customers. 

 

Fig. 3. Network Distribution – Scenario 2B 

DC1 serves 9 customers that represent 55% of the volume. 
DC 3 serves 12 customers, representing 45% of the 
remaining volume. DC1 takes 2 of 5 new clients, while the 
DC3 takes the remaining ones. DC2 is also not used in this 
scenario. 

 

Fig. 4. Network Distribution – Scenario 3B 
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DC3 serves 20 customers, representing 62.72% of the 
volume. DC2 serves 11 customers that represent 36.38% of 
the volume and DC1 only serves to Client 12 due to its 
remoteness. DC2 takes 7 of 16 new clients, while DC3 takes 
the remaining ones. 

In 3 of the 4 scenarios DC2 is discarded. The above is due to 
the fact that this DC is further away from current customers. 
The cost involved in sending the product to that location is 
greater than using the other two available DCs. Scenario 3B 
uses all the available distribution centres. In the case of 
scenario 3B, when adding 16 new clients, customers located 
throughout the territory were used, not only close to the 
current ones. That scenario is useful in case an expansion is 
taken into consideration in the business. 

The average distance travelled in scenarios 1B and 2B is very 
similar, in scenario 3B it shoots double the distance due to 
the distance of the new customers, so the transportation cost 
in this scenario rises considerably. In a matter of minimum 
distances travelled, scenario 3B is the one with the closest 
customer; It was important to place the plant as close as 
possible to save even a few kilometres on that client. The 
maximum distance of that scenario is compared almost 5 
times more than the average maximum distance of the other 
scenarios. 

Using the costs, prices and policies mentioned above, the 
results for Scenario 1B are: total sales $31,477,425.00, 
transportation costs $3,339,725.19, production costs 
$9,487,512.30, obtaining a profit of $18,650,187.51. Scenario 
2B results are: total sales $41,016,386.25, transportation 
costs $5,490,586.35, production costs $12,077,425.08, 
obtaining a profit of $23,448,374.82. For Scenario 3B are: 
total sales $62,286,352.00, transportation costs 
$24,416,578.64, production costs $17,860,475.04, obtaining 
a profit of $20,009,298.31. Finally, for Scenario 4A results 
are: total sales $25,421,497.50, transportation costs 
$1,539,544.88, production costs $7,828,782.36, obtaining a 
profit of $16,053,170.26. 

In terms of costs and profits obtained by scenario, the 
scenario with the most utility is 2B, followed by 3B, 1B and 
4B. What is striking is that the increase of 30% of the 
demand, obtained better results than with the increase of 
100%. The relationship between the profit obtained by the 
100% increase in demand and the utility obtained with 
current demand (between scenario 1B and 3B) is not 
proportional; only $ 2,597,017.25 more was obtained for 
producing twice as much product. This is since transportation 
costs raised too much because of the distance between the 
new customers, the DCs and the plant.  

The 30% increase in demand (scenario 2B) represents an 
extra gain of $ 4,798,187.31, so it would be worth 
considering sales strategies to expand the market within the 
area where current customers are located so that 
transportation costs do not rise. 

Comparing scenarios 2B and 3B where an increase in 
demand of 30% and 100% is considered, the 70% of demand 
that are different for only represents $ 1,359,110.80. In case 
of expansion, it is necessary to consider other DCs or only 
regional expansion.  

Net margin in Scenario 3B drops to 32% due to 
transportation costs, the distance between the new customers, 
DCs and the plant was doubled.  

4. CONCLUSIONS 

In this paper, the analysis of the consequences of opening a 
new plant was made to provide the basis to make an optimal 
decision with a quantitative support through the design and 
analysis different scenarios incorporating uncertainty in 
model parameters.  

Hybrid simulation modelling constitutes a new generation of 
predictive modelling and analytics. The combination between 
simulation, analysis and sales/marketing strategies can be the 
key to success and increasing profits. Nowadays more and 
more industries are adopting simulation and analysis to their 
main activities in order to be innovative and succeed.  

The combination of different approaches such as simulation, 
optimization, risk assessment, allows the generation of ad hoc 
solutions for decision making and improvement of the 
performance of the supply chain. The case of the 
pharmaceutical industry is a special case due to the 
specificities of its operation so that as future research lines it 
is intended to analyse in greater depth the inherent risks to the 
supply chain by simulating disruption events particular to the 
pharmaceutical industry. 
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