Chapter 10 )
A Proposal for the Distribution i
of Medicines and Medical Equipment

in Mexico

Lourdes Loza Hernandez and Mariana Vargas Sanchez

Abstract The connection among various places in the world is thanks to trans-
port, which generates advantages in areas like economic development, international
support in the face of catastrophes, and cultural and knowledge exchange, to mention
some. The need to move people and goods locally and internationally determines the
control of transportation systems; however, there are uncontrollable external factors.
Corona Virus Disease (COVID-19) is a disease that arose in China, and due to its
characteristics and the lack of information about the virus, it was difficult to prevent
its spread around the world, causing a global pandemic. A fundamental activity for
controlling the spread of the virus and medical assistance is the adequate distribution
of medicines and medical equipment to hospitals. Mechanisms are currently being
sought in Mexico to efficiently carry out this public sector activity. Therefore, this
work offers to the decision-makers in the health sector a proposal for the distribu-
tion of medicines and medical equipment to the different hospitals in Mexico. The
proposal presented applies quantitative methods, specifically allocation methods and
the Clarke and Wright heuristic, to support the results. The proposal offered a viable,
effortless, and helpful alternative to personnel involved in distribution activities and
recommendations to the practitioners in the health sector and logistic areas.

Keywords Allocation methods - Clarke and wright heuristic algorithm -
Distribution goods * Supply chain - Vehicle routing problem - Health sector

10.1 Introduction

The World Health Organization (WHO) reports that the Corona Virus Disease
(COVID-19 or SARS-CoV2) outbreak emerged in Wuhan, China, on December
31, 2019. It was named by the International Committee on Taxonomy of Viruses
(ICTV) severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (World
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Health Organization, WHO 2020a), and it was declared a pandemic on March 11,
2020 (WHO 2020b).

SARS-CoV2isasingle-stranded RNA virus of the beta coronavirus genus, Coron-
aviridae family. Some biological characteristics are high transmission rate, prolonged
incubation period, asymptomatic carriers or mild symptoms, progression to respira-
tory distress syndrome in patients, and death, viral shedding after relief of symptoms,
environmental transmission, and fomites (Ponce de Leodn et al. 2020).

Medical needs have increased due to the pandemic compared to the needs in
normal conditions, so the resources requested by the medical units must be covered
to treat the conditions presented by SARS-COV-2 and everyday needs, which are
the resources they commonly request in their planning. The Spanish Society of
Critical Intensive Medicine and Coronary Units (SEMICYUC) states that the emer-
gence of the pandemic generates an imbalance between clinical needs and the avail-
ability of health resources and that the duty to plan, the principle of distributive
justice, and the maximization of global benefits must prevail (Grupo de Trabajo
de Bioética de la Sociedad Espafiola de Medicina Intensiva, Critica y Unidades
Coronaria (SEMICYUC) 2020).

Medicines for Europe, which represents the generic, biosimilar, and value-added
European pharmaceutical industries, consider it important to face the market prob-
lems that can be generated by COVID-19 (Medicines for Europe 2020). The problems
Medicine for Europe focuses explicitly on are: manufacturers may have difficulties
meeting delivery deadlines; distributors could accumulate supplies to fulfill public
service obligations or due to different incentives in the market that lead to suboptimal
distribution to patients; hospitals and pharmacists often carry out financial reimburse-
ment agreements based on a reference price, however, if there are returns of supplies
or greater demand for products ordered, the reference price is modified (Medicines
for Europe 2020).

The United States Food and Drug Administration (FDA or USFDA) is a federal
agency of the Department of Health and Human Services that proposes a continuous
review of the supply chain so that drugs are delivered on time and avoid disruption,
considering the likelihood of COVID-19 affecting the supply chain (Food and Drug
Administration (FDA) 2020). The severe problems in the distribution of medical
equipment during the coronavirus disease have led to the modeling of multi-depot
vehicle routing under uncertainty during the COVID-19 pandemic (Nozari et al.
2022). Also, Sanz et al. (2020) give recommendations to working groups and practi-
tioners who must work with critically ill patients; one of those recommendations is to
develop a strategic plan for interhospital transport in critical situations establishing
a central department to lead and control the critical care units and define an efficient
plan for distributing resources (the medicines and medical equipment) in all care
units according to their demand.

Also, during the influenza pandemic, Ekici et al. (2014) developed a model and
heuristics which estimate the spread pattern of the disease geographically. The objec-
tive was to forecast in advance the spread of disease and determine an allocation of
network resources for food distribution. Donghyun et al. (2016) address the issue
of vaccine distribution by introducing graphical techniques and techniques based
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on maximum flow to solve the problem. Rastegar et al. (2021) built a mathematical
model to equilibrate influenza vaccine distribution to critical healthcare providers and
first responders in developing countries. Wu and Wang (2021) developed a virtual
platform for emergency supplies distribution; the main idea is to balance the logistics
information necessary for efficiently and accurately handling the emergency supplies
during the distribution steps in the supply chain of the health sector.

All countries must acquire and distribute the necessary resources to attend to and
reduce COVID-19 infections. The number of confirmed cases and daily deaths were
a general concern to governments and citizens. In Mexico, the first confirmed case
of COVID-19 was on February 28, 2020, initiating spread control and prevention
activities in the country (Mexican Government 2020).

When an unforeseen event of great magnitude occurs, such as the COVID-19
pandemic, where there was a time gap for health organizations to establish protocols
and action measures, part of the population could have interpreted that time as a
lack of competence, decreasing trust in those responsible for health care (Coll et al.
2021). The Pan American Health Organization (PAHO) states that “the Ministry of
Health must take the necessary precautions for emergencies, creating warehouses in
geographical areas or strategically located places, with effective procedures for their
dispatch to places in need” (Pan American Health Organization 2022). Some tangible
resources, such as material, human or procedural resources, protect individuals and
compensate for vulnerability; intangible resources enable people to overcome diffi-
culties and achieve successful adaptation. For this, it is necessary to identify the
population’s needs to grant resources when and how they need them (Uriarte 2010).
Hirawan (2020) comments in his work that optimizing the distribution of social
assistance to the community is critical, especially during the COVID-19 pandemic.

The shortage of resources to fulfill basic needs directly impacts the quality of
human life, “the lack of minimal health care can imply, almost without exception, the
destruction of the human being” (Zdniga-Fajuri 2014). The institutions that provide
health care services must have a resource supply system to promptly meet the popu-
lation’s needs because the population’s economic, social, and political impact will
depend on this (Ramirez 2006). The unavailability of access to medicines has a high
rate of morbidity and mortality (Ramirez 2006), hence the relevance and impor-
tance of satisfying the demand through the acquisition and distribution of medicines.
From another point of view and supporting the health sector, Kumar (2021) exam-
ines the viability of using blockchain technology in a public distribution system,
which helps institutions in the supply chain’s activities to overcome shrinkage issues,
misplacement, and ghost demand.

The effects that natural events have on the health of human beings depend
on the danger of these. Considering that the effects are of high risk, it is vital
to plan, as a preventive measure, the distribution of the necessary equipment
and medicines in high-risk areas to minimize human suffering and accelerate the
resilience of the affected population Pan American Health Organization and World
Health Organization (2020a).

The Pan American Health Organization (2001) mentions that the humanitarian
logistics problem involves acquiring emergency goods and equipment and managing
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supplies. They consider that all activities related to providing material assistance to
people affected by extreme situations of natural events (such as biological events)
require a minimum organizational framework that allows efficient management and
greater use of resources. However, the logistics for handling humanitarian supplies
should not be improvised in the moment of the emergency; it must be incorpo-
rated as a preponderant activity in the planning and preparations for emergencies of
organizations in this field.

Martinez (2020) in his work proposes a route for the distribution of food aid
under extreme natural events to minimize the response in the delivery of kits to
affected people this through a mathematical model that considers limitations of road
accessibility with periods for the distribution of aid.

In response to urgency requirements from patients with or without SARS-CoV-2
in Mexico, in this paper, the public health sector in Mexico is considered a case study.
According to the National Development Plan, the current administration restructured
the consolidated purchases of medicines, centralizing this activity in the Ministry of
Finance and Public Credit. They changed the supply chain process of the health
sector and the distribution mechanisms of medicines throughout the country, and a
detailed report of this restructuring process is described by Rodriguez (2020).

Subsequently, the National System for the Distribution of Medications was
created, whose objective “is to supply all institutions in the health sector with
medications and medical supplies”, which should be distributed in approximately
25,000 first-level medical units, 1,500s-level units and around 500 national institutes.
However, due to the lack of planning and coordination of laboratories (suppliers)
and distributors, there was a disruption in the supply chain of medical supplies in
hospital care centers (Badillo 2021). Therefore, alternatives are sought to carry out
this distribution activity in the public sector efficiently.

Then, this paper offers a proposal to this sector that allows them to distribute
medicines and medical equipment through quantitative methods. For the case study, a
central warehouse and six intermediate warehouses of supplies are considered, from
where the vehicular units will depart to distribute medicines and medical equip-
ment to 197 medical units of hospital care, all of them located in different states
of the Mexican Republic. It seeks to determine the shortest routes for delivering
supplies to hospital care centers, representing the case study as a Vehicle Routing
Problem (VRP), using allocation methods and Clarke’s and Wright’s (CW) heuristic
algorithm.

The work was developed in two phases. First phase: clusters were created to
assign hospital care centers to the closest distribution depot minimizing the distance
traveled by the available vehicles. Second phase: the CW method was applied with
the information obtained from the first phase to generate the best routes with the least
number of vehicles with fixed capacity under a deterministic demand.

The document includes four sections that show the content and development of
the work. The first section presents the introduction to the problem being addressed
and some background about the method applied; the second section shows the case
study and its specific characteristics; the third section shows the results. Finally,
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the fourth section reports the conclusions of the work carried out, as well as some
proposals to support the decision-makers and recommendations to the community
of practitioners in this sector.

10.2 Methodology

This work is developed as follows:

1. Literature review about quantitative models for freight transportation and
distribution of goods, considering the restriction of the case study.

2. Case study information: Compile the information that allows a detailed descrip-
tion of the case study, considering the necessary parameters for applying the
quantitative method. Locate distribution centers and hospital care centers for the
case study.

3. Application of Clarke and Wright’s heuristic proposing solution scenarios,
considering the available infrastructure that allows the best use of resources.

4. Obtaining the results and comparison of scenarios to identify the best proposal
for decision-makers.

10.2.1 Distribution of Goods

The VRP s used to find the optimal route that a fleet of vehicles will visit or cover a set
of clients under a series of restrictions (Laporte 2009). Depending on the problem you
want to address, the VRP will have modifications. The variants of the VRP depend
on the characteristics of the vehicles, delivery points, vehicle capacity, demand for
delivery points, and supply of warehouses, among others. The methodology consists
of grouping the delivery points into clusters and then determining the routes for each,
dividing the problem into two phases.

10.2.1.1 First Phase

One of the heuristics to define clusters of delivery points in the vehicle routing
problem is the Fisher and Jaikumar algorithm, which is a two-phase process. In the
first phase, m seeds are located, and a cluster is created for each of the seeds. The
purpose is to minimize the distance between the seed and the client, satisfying the
capacity restriction (Laporte 2009). Clusters are created by solving a generalized
assignment problem, and the second phase consists of generating the vehicle route
for each group (Cordeau et al. 2002).

For the allocation, a function is defined that consists of minimizing the total
allocation cost where d; is found as follows:
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dik = coi + Ci sk — o,k (10.1)

Furthermore, it means that the cost of assigning client i to cluster k is equal to
the cost of going from deposit to client i+ the cost of going from client i to seed
client sk—the cost of going from deposit to seed client sk, that is when costs are
symmetrical.

The sweep heuristic creates the clusters by rotating a ray from the warehouse, and
the clients join until the capacity limit is reached. It is like a sweep similar to the
hands of the clock, with an initial point around the warehouse to identify the delivery
point that will determine a cluster based on the vehicle’s capacity. When the vehicle’s
capacity is reached, it starts another new route. Then the clusters are routed, solving
the problem of the traveling agent exactly or approximately. This algorithm can be
applied in plane problems; each node corresponds to a point in the plane (Romanuel
and Montero 2014; Olivera 2004).

Another method of clustering is the constructive heuristic; it selects the clients
randomly and assigns them to the closest depot. The main restriction is the deposit
capacity; the clients will be assigned until this capacity is reached, and the remaining
clients will be assigned to the next closest deposit; all nodes must be covered (Toro-
Ocampo et al. 2016).

10.2.1.2 Second Phase

Exact and heuristic methods can be applied to solve the VRP. Some of the exact
methods are Branch and Bound (BB) algorithm provides solutions that are systemat-
ically listed, and the responses obtained from each level of the branches are evaluated
concerning their contribution to the objective function. The search tree is compre-
hensive but has limited depth (Laporte 2009). Branch and Cut (BC) and Branch and
Price (BP) are derived from BB. Gutiérrez-Jarpa et al. (2010) mention in their litera-
ture searches the application of the BC method to solve the Multiple Vehicle Routing
Problem with Time Windows (VRPTW) as addressed in Bard et al. (2002), where it
is required to find the minimum number of vehicles to satisfy to a group of clients
who have the same needs and the vehicle units that will provide the service are the
same.

The literature shows that VRPTW can also be solved with the BP method
(Gutiérrez-Jarpa et al. 2010), depending on the determined objective. The routing
problem considering multiple repositories can be solved with Iterated Local Search.
In their algorithm, Ospina-Toro et al. (2018) propose to find the solution through the
following steps: first, obtain an initial solution using different clustering techniques,
then the intensification stage using the Variable Neighborhood Search (VNS) algo-
rithm and applying random disturbance schemes. Following these steps, it allows
us to find locations that can be optimal location. However, the process continues
exploring the solution space until there is no better solution than the one found in
previous iterations.
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In the case of the Heuristics methods, the CW saving algorithm was initially
developed for the VRP, and they can be applied for both directed and undirected
problems (Blocho 2020). The CW savings method aims to minimize the total distance
traveled by all vehicles and indirectly minimize the number of vehicles required
(Ballou 2004). Calculate the savings by combining two clients on the same route to
select the best route (Clarke and Wright 1964). The method starts with an unfeasible
solution where the supply is sent individually to each customer (Fisher and Jaikumar
1981). A feasible solution consists of n roundtrip routes between the warehouse and
a customer (Fisher and Jaikumar 1981).

Ospina-Toro et al. (2018) use this as a reference to describe how the heuristic
works iteratively. Moreover, the process ends when combining the routes is no longer
possible. Finally, the number of vehicles used to visit all the delivery points and the
best routes are obtained (Laporte 2009). Clarke and Wright (1964) solve a problem
with a central warehouse and several delivery points where the vehicles will have
the capacity to satisfy the demand. Spekken and De Bruin (2013) implemented the
CW for single-vehicle route optimization in agricultural field work. The Bramel
and Simchi-Levi heuristic, as well as the Fisher and Jaikumar algorithm, consists of
two phases. In the first one, the client clusters are created, and then the routes that
the clients of each cluster will visit (Muriel and Simchi-Levi 2013); the difference
consists in the determination of the clusters solving a problem of the location of
concentrators with capacities (CCLP) (Bramel and Simchi-Levi 1995).

The advantage of applying these heuristics is their ease of use to obtain the solu-
tion. It does not require a high computational effort or specialized knowledge of the
personnel to apply the heuristics and carry out the implementation, as well as the low
software and hardware requirements for performing the calculations automatically.

10.3 Results

10.3.1 Case Study

Management of medicines and medical equipment in the health system is one of
the essential elements for any country, especially in the situation that the world
is currently experiencing. In Mexico, mechanisms are being sought to efficiently
distribute medicines and medical equipment in the public sector because, according to
the National Development Plan, the current administration carried out a restructuring
of the consolidated purchases of medicines, centralizing this activity in the Ministry
of Finance and Public Credit (Rodriguez 2020).

The restructuring determined that it was necessary to change the distribution
mechanisms of medicines throughout the country. The National System for the Distri-
bution of Medications must distribute in approximately 25,000 first-level medical
units, 1,500s-level units, and around 500 national institutes. However, due to the lack
of planning and coordination of laboratories (suppliers) and distributors, there was
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a disruption in the supply chain of medical supplies in hospital care centers (Badillo
2021). Therefore, alternatives are sought to carry out this distribution activity in the
public sector efficiently.

This work proposes to health decision-makers a way to distribute these medical
supplies efficiently to different hospital care centers, improving the use of avail-
able resources. The proposal applies quantitative methods, specifically assignment
methods and the Clarke and Wright heuristic, to show viable alternatives.

The case study is based on 197 hospital care centers located in different states of
the country, which are supplied by a central warehouse and six smaller warehouses,
also located in the states of the country (location defined by the federal government).
Both hospital care centers and warehouses belong to the public institutions of the
National Defense Ministry (SEDENA), the Mexican Institute of Social Security
(IMSS) and the Institute of Social Security and Services for State Workers (ISSSTE).
Statistical information from the National Institute of Geography and Informatics
(INEGI) reported that approximately 89 million medical consultations were made
during 2019 to the population enrolled in the federal government’s medical service.

However, the medical resources that each health center service requires to satisfy
the demand of the population are considered confidential information. So in this
work, the demand was defined randomly with a uniform distribution between 500 kg
and 3.5 tons of weight for hospital care centers. The aim is to show how the proposal
works and get a solution to the problem, considering that information has to replace
the real demand in each hospital and make the calculations again.

The number of vehicles used to transport supplies to the hospital care centers is
assigned according to the available resources in the warehouse to satisfy the demand
for each cluster obtained in the first phase. This lets the proposal say how many
vehicles are needed to get supplies to the right places or how many trips the vehicles
must make to meet the demand. Based on what the hospital staff knows, each vehicle
can make as many trips as needed to meet the demand.

Also, the capacity of the vehicles used to transport supplies is defined by the
guidelines established by the Ministry of Communications and Transport (SCT) in
the Official Mexican Standard NOM-012-SCT-2-2014 as follows: “On the weight
and maximum dimensions with which motor transport vehicles that travel on the
general communication routes of Federal jurisdiction can circulate”. With this, Type
C3 vehicles corresponding to trucks with three axles and 8-10 tires, were selected
for the proposal as a transport standard with a gross vehicle weight of 16 tons for
displacement on type D roads (two-lane highway, feeder network) and 17 tons for
type C roads (two-lane highway, secondary network) (SCT 2014).

The SCT details these types of roads as (i) “Highway Type C Secondary network;
These are highways that, according to their characteristics, provide service within the
state scope with medium lengths, establishing connections with the primary network,
and (ii) Type D Highway Feeder network, they are highways that, according to their
geometric and structural characteristics, mainly provide service within the munic-
ipal scope with relatively short lengths, establishing connections with the secondary
network” (SCT 2014).
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In this work, the limited human resources in each distribution center are not consid-
ered because each hospital center has internal policies for managing its personnel;
therefore, all hospitals are treated with the same priority in the proposal. Also, the
central warehouse does not consider the windows time to deliver the resources,
according to the information from the warehouse supervisor.

10.3.2 Scenarios

Based on the inputs described before, three scenarios were carried out to determine
the routes of distribution as possible alternatives for the decision-makers with the
available resources:

Scenario I: Determination of routes from a central node to all hospital care centers.
Figure 10.1 shows the distribution.

Scenario 2: Determining routes from 7 warehouses to the hospital care centers,
where one is the central warehouse and 6 are intermediate warehouses. Hospital
care centers are attached to each warehouse through the minimum distance, where
the six intermediate warehouses are supplied from the central node, and it also
supplies hospital care centers. The intermediate warehouses are located according
to the information obtained from the health department staff. Figure 10.2 shows
the distribution.

Scenario 3: Determination of routes from 6 intermediate warehouses to hospital
care centers, where the hospital care centers were assigned in a previous phase to
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Fig. 10.1 Distribution for scenario 1
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each intermediate warehouse, considering the shortest distance to each of them and
the intermediate warehouses are supplied from the central node, in this scenario
the central warehouse does not supply to the hospital care centers. Figure 10.3

shows the distribution.

The three scenarios are compared under the distance traveled, the number of

vehicles used, and the number of nodes visited on each route.

10.3.3 Assignment of Hospital Service Centers
to Intermediate Deposits or Central Warehouse

To carry out the assignment of hospital service centers to warehouses, the location of
intermediate deposits and central warehouse was initially obtained through the coor-
dinates (x, y) got by using the Google Earth application (Google Earth 2022), after
that the distance matrix was calculated for each scenario according to the assignment

obtained.
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Scenario I: Only the coordinates (x, y) of each service center and the central
warehouse were considered. Subsequently, the distance matrix was calculated.
Scenario 2: The distance matrix was calculated from each hospital care center
to each intermediate warehouse and the central warehouse, considering that the
central warehouse also dispatches supplies to hospital care centers, as mentioned
before. Once the distances had been calculated, for each service center, the closest
warehouse to dispatch the supplies was identified; in other words, the minimum
distance was selected, and from what warehouse belonged to the distance to
assign the warehouse. In this way, the clusters with their corresponding hospital
care centers were defined, where the number of hospitals care centers belonging
to the intermediate warehouses is not the same because it is considered as a priory
the minimum distances between them; therefore, if the number of hospital care
centers had been considered equal for each cluster, it would generate trips with
no minimum distances. Finally, the clusters were grouped, and Table 10.1 and
Annex 10.6 show each cluster’s hospital centers.

In this scenario, the number of obtained clusters was 7. Table 10.1 shows how
each cluster was grouped and its total demand, which must be satisfied from the
central warehouse to the intermediate warehouses. In this scenario, it is important
to mention that the demand must be calculated in advance in the intermediate ware-
houses and their capacity to satisfy the hospital care centers on time, which implies
more changes in the internal organization and control of each intermediate care center
in the intermediate warehouses. It concludes the first stage of the methodology.
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l:ls)il;ntgilt gfcil(l)zgﬁazl' Cluster Hospital care centers * Demand** (Kg)
service centers to 1 6 9,533
intermediate depot 2 49 92,131

3 11 16,211

4 26 45,721

5 56 102,311

6 5 7,707

7 44 70,534

* Number of hospital service centers assigned to cluster
** Total demand for hospital care centers assigned
Source Own elaboration

Scenario 3: The distance matrix was calculated, where the central deposit does not
deliver to hospital service centers, so the number of clusters is only 6 (Fig. 10.3).
The central deposit corresponds to cluster number 6 of scenario 2, based on the
information provided by the decision maker. The process is the same as scenario 2
without cluster number 6. Table 10.2 shows how each intermediate warehouse was
grouped, considering the minimum distances as a priority. Annex 10.7 shows the
relationship between cluster and hospital care centers.

The demand of each cluster is calculated by adding up the demand of the hospital
service centers that belong to it (Tables 10.1 and 10.2). The total demand obtained
is the demand the central warehouse must cover in this scenario, thus avoiding the
lack of inputs in any destination and balancing the distribution network.

X:]s)il;nln(l);:it gfcil(l)zr;i?a:i' Cluster Hospital care centers* Demand** (Kg)
service centers to the 1 6 1,589
intermediate depot 2 49 92,131

3 11 16,211

4 26 45,724

5 56 102,311

7 49 78,241

* Number of hospital service centers assigned to cluster warehouse
number 6 is considered the central warehouse

** Total demand for hospital care centers assigned

Source Own elaboration
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10.3.4 Application of the Clarke and Wright Heuristic

In phase I of the methodology, the allocation clusters were defined, which serve as
input for applying the CW algorithm for each cluster in each scenario. The algorithm
was implemented in the Matlab software, version 2018 (MatLab 2018) and executed
for each cluster obtained in Annexes 10.6 and 10.7. Therefore, given that one of
the constraints of the scenarios is the vehicle capacity (16 tons), when the demand
from the intermediate warehouse or the hospital service center exceeds the vehicle
capacity, fictitious destinations are generated with the maximum capacity of the
vehicle with the same location, to obtain the distance traveled and covered the demand
of the intermediate deposit through a certain number of trips. A vehicle from the
central node can make as many trips as necessary to cover the destination demand.
Considering that the central node supplies the intermediate deposits in each scenario,
it is necessary to integrate the distance traveled to these deposits from the central
node. For scenario 1, the algorithm was applied directly considering the demand of
the hospital care center requires and the vehicle capacity needed to build the route.
For the execution of the implemented algorithm, the locations of each destination
are the coordinates (x, y) initially obtained and calculating the distances to define
the routes of each cluster.

10.4 Analysis of Results

The number of hospital service centers served by each intermediate warehouse and
the distance traveled on each route were obtained for all scenarios. Scenarios 2
and 3 include the distance traveled from the central warehouse to the intermediate
warehouses, as it was explained previously, considering the demand that the clusters
require for their hospital care centers; therefore, vehicles travel several times until the
intermediate warehouse has the total demand for the hospital care centers assigned.
Table 10.3 shows the distance to each intermediate deposit of scenarios 2 and 3.

Table 10.3 Distance: central
depot—intermediate depots
scenario 3 1

Intermediate depots Route Distance (Km * 100)
3 0.49
4 0.14
5 0.36
2
1
5

1.45
2.42
0.36

N | 0 R W

Warehouse number 6 is considered the central warehouse
Source Own elaboration
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Table 10.4 Comparison of scenarios

Scenario | Vehicles used | Distance (Km * 100) | Destinations visited by route (Average)

1 22 422.22 8.9
2 31 427.78 73
3 32 448.56 7.2

Source Own elaboration

The comparison of the number of vehicles to be used on the routes obtained, the
total distance traveled, and the average number of hospital care centers visited for
each of the scenarios developed is shown in Table 10.4.

Table 10.4 shows that the shortest distance traveled is obtained through scenario
1, where a central warehouse distributes to all hospital care centers. Also, the number
of vehicles to be used for distribution is less than in any of the scenarios, where the
vehicle capacity is maximized and helps to minimize the costs (0il, human resources,
equipment, and vehicle maintenance). However, the number of destinations visited
on each route is greater than in scenarios 2 and 3, which could cause delays in
deliveries due to the number of hospitals to visit on a single route. In this case, the
time spent for the delivery of medicines is not considered because the vehicles travel
both in urban areas and on highways, which does not allow considering an average
travel time of the vehicle as literature proposes for their delivery, nor the time spent in
the loading and unloading of goods in the hospital care centers, which would be very
good to integrate into other investigations. On the other hand, comparing the distance
traveled and the vehicles and capacity used in them allows decision-makers to identify
opportunities for improvement in managing and controlling health resources.

Therefore, it is important to mention that the assignment of clusters with inter-
mediate warehouses does not show an advantage over the distance or the number of
vehicles to be used for the delivery of medical supplies, also to have intermediate
warehouses would increase the costs to the government because they need more
people to hand medicines and medical resources (unload and load) as well as all
the activities involved in the intermediate warehouse management such as cost for
rent, human resources, security, inventory control, special equipment for handling
medicine, etc. Then, scenario 1 is the best way to supply medical resources to the
hospital care centers even though it is a central distribution policy, where it will be
necessary to improve the management and control in all of the activities developed
as well as the adequate infrastructure.

Table 10.5 shows the routes and the hospital care centers calculated by the CW
algorithm and the vehicle’s sequence.

Figure 10.4 is an example of the graphical representation of the routes obtained
from the application of the CW algorithm through MatLab for scenario 1 (Annex 3
shows the routes), where a color represents the route got, and the small black points
on the line are the hospital care center visited (the scale is determined according to
the location by decimal coordinates).
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Table 10.5 The sequence of routes for scenario 1

The sequence of hospital care centers visited Destinations | Distance*
119 52 |38 |36 |27 |37 |43 44 |31 9 46.79
2 |28 |47 |45 |35 |42 |53 |32 |51 8 34.81
3 (142141123 | 140|128 | 126 | 125|124 8 31.14
4 |14 |30 |41 |34 |39 |46 |48 |16 8 39.31
5 (10 |55 |11 |2 15 |66 |58 |54 8 26.18
6 | 156|139 |136| 120|116 | 107 | 115|129 | 111|127 | 122|134 |12 36.28
7 [ 151|117 130|137 | 138 | 133 | 135|145 8 25.43
8 154112146 | 147|162 | 155|131 | 144 8 21.04
9 [105[40 (29 |33 |49 |50 |3 17 |8 67 10 26.38
10169 |60 |61 |74 |59 |72 |57 |71 |73 |78 10 10.98
11163 |25 |77 |68 |82 |81 |76 |85 8 26.27
12165 |86 | 157165166 | 153|161 |150 160 |20 10 15.17
1313 |94 |26 |102|98 |87 |104 |91 8 18.46
14175 |12 |1 92 |93 |97 |4 19 |18 9 11.95
15189 |103 /10695 |5 6 62 |7 23 |22 |24 |84 |12 18.02
16| 121 |70 |21 |164|148|163 158|114 8 14.29
17117983 | 11879 |80 |64 |[119]132 8 8.61
18100 |56 |143 108 | 109|110 | 113|152 8 4.06
19| 188|180 |90 | 18788 |96 |99 |101 |149 9 2.19
201721169 | 192 | 194 | 171 | 189 | 167 | 168 | 191 | 170 10 0.54
21 (195|176 | 178|197 | 193 | 174 | 190 | 186 | 159 9 1.32
22 1183|173 184|182 | 185|181 (175|196 | 177 9 0.14

* Distance is calculated by (Km * 100). Each route corresponds to a vehicle
Source Own elaboration

Routes:1 (green line at the top), 7 (blue line in the middle), 9 (naive blue line in
the south), and 12 (yellow line west-south), obtained in scenario 1 by MatLab, are
geolocated on the map where is easy to translate the results on the map and visualize
the routes easily, also to show that decision-makers require very low effort to read
them (Fig. 10.5).

Route 22 is in the country’s center, mostly Ciudad de Mexico and Estado de
Mexico. Figure 10.6 shows their location, and the traveled distance is very short,
according to Table 10.5, because all the hospital care centers are very close, and in
Fig. 10.4 is challenging to see.

The graphical location of the intermediate warehouses to group the clusters of
scenarios 2 and 3 are shown in Fig. 10.7, where it reveals that the intermediate
warehouses are in the center of the country as the central warehouse, which could be
a disadvantage in the distribution problem because there is no big difference in the
distances traveled between them and the central warehouses for the case study.
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Fig. 10.4 Routes obtained for scenario 1. The coordinates (x, y) of the location of the hospital care
centers were obtained with Google Earth

Fig. 10.5 Routes obtained for scenario 1 (routes 1,7, 9, and 12). The coordinates (x, y) of the loca-
tion of hospital care centers were obtained with Google Earth. Source Own elaboration supported
by Google Earth software
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Fig. 10.6 The location route 22. The coordinates (x, y) of the location were obtained with Google
Earth. Source Own elaboration supported by Google Earth software

Fig. 10.7 The location of intermediate warehouses for scenarios 2 and 3. The coordinates (x, y) of
the location were obtained with Google Earth. Source Own elaboration supported by Google Earth
software

10.5 Conclusions and Recommendations

The application of quantitative methods to solve real problems facilitates the
decision-making of the personnel involved in these activities since having infor-
mation obtained from proven methods that solve certain problems gives support and
security to select the best alternative.
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Currently, due to the COVID-19 pandemic, there is an urgent need to optimally
distribute medical supplies in any sector. Therefore, in this document, a Mexican case
study for the public sector health system was analyzed by three scenarios with the
resources available and the restrictions on them. The application of easy quantitative
methods for the personnel in charge of the distribution of medicines and medical
equipment was one of the objectives and gave them a viable alternative focused
on minimizing the distance traveled by vehicles and the number of vehicles used
to distribute the medicines. The applied methodology is developed in two stages:
clustering the hospital care centers to one of the warehouses and applying the Clarke
and Wright heuristic algorithm to find the routes to deliver the medical good. The
results show that alternative or scenario 1, where a central warehouse is the only one
considered to distribute the supplies directly to the hospital care centers, obtains a
distance shorter, in which 22 routes are determined with the visit of approximately 8.9
service centers per route, assigning one vehicle per route. Therefore, it is concluded
that the assignment of clusters with intermediate warehouses (scenarios 2 and 3)
does not show an advantage over the distance or the number of vehicles to be used
to deliver medical supplies.

This indicates that the use of intermediate distribution warehouses is not always the
best alternative for distributing merchandise; for the case study analyzed, the location
of the central warehouses does not help to improve distribution because they are in
locations that are very close to each other. In this case, it is recommended to relocate
the intermediate warehouses to speed up dispatch and improve the use of resources
by applying simple methodologies for locating facilities that support the personnel
in charge of this activity. Currently, the policy of the Mexican health system (central-
ization of resources) is supported by the results because the best alternative found is
the one where from a central warehouse to hospital care centers are dispatched the
health resources in this case. On the other hand, the results obtained by the quantita-
tive methodologies potentially help the decision-makers because the routes obtained
through the application of these methods indicate the distribution sequence (at the
same time, supports the accommodation of medications in the vehicle to speed up
unloading), maximizes the use of vehicle capacity because a route (assigned vehicles)
contains a greater number of delivery points considering the available capacity of
the vehicle when integrating a new center of hospital care, in addition to minimizing
vehicle travel, which represents savings in fuel use, vehicle maintenance, personnel in
charge of distribution, equipment for loading and unloading medications, minimizes
the time spent making-decisions, to mention a few resources.

With this proposal, the decision maker has enough information to safely select the
best-performing alternative with arguments based on the application of quantitative
methods and create scenarios that show the feasibility of its results based on the
resources available to the public health system in Mexico.
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It is important to highlight and promote the application of simple methodologies
that support the personnel in charge of these distribution activities since many of
them do not have experience in the application of complex quantitative methodolo-
gies or in the use of information technologies, which makes more complicated the
implementation; however, the ones used in this case study can be easily implemented
in a commercial spreadsheet.

The advantages of using these methodologies for the decision maker are that they
allow the integration of real demand in a simple way and allow the alternatives to be
easily strengthened, integrating more information on restrictions and constants to the
case study. Unfortunately, in developing countries, the lack of statistical information
is a critical problem, but this kind of work shows how important is to have data. Also,
this work contributes as an incentive for the people working in distribution activities
to collect data to use them to improve their activities.

For this reason, some extensions to the proposal are the determination of the
demand for hospital care centers, limited supply in intermediate warehouses and
the restriction on the number of vehicles to use, opening the application of other
methodologies with other potentialities. Also, determine priorities for the hospital
care centers according to the size of the hospitals, people’s demand, requirements of
medicines, and kind of hospitals based on the specialty assigned.

Annex

See Annexes 10.6 and 10.7.

Annex 10.6 Cluster and hospital care center-scenario 2

Cluster | Hospital care center number Total
1 42, 52,90, 174, 180, 191 6
2 1,4,5,6,13,18,19,27,28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 43, | 49

44, 45, 46, 47, 48, 49, 50, 51, 53, 87, 89, 91, 92, 93, 94, 95, 96, 97, 98, 99, 101,
102, 103, 104, 105, 193

167, 168, 169, 170, 171, 172, 187, 188, 190, 192, 194 11
4 2,3,7,8,9,10, 11, 12, 14, 15, 16, 17, 21, 22, 23, 24, 25, 26, 54, 55, 62, 66, 68, | 26
69, 75, 88
5 56,57, 58,59, 60, 61, 63, 64, 65, 67,70, 71, 72,73, 74,76, 77,78, 79, 80, 81, |56

82, 83, 84, 85, 86, 107, 111, 113, 115, 116, 118, 119, 120, 122, 123, 124, 125,
126, 127, 128, 129, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
145, 189

6 106, 148, 163, 164, 179 5

20, 100, 108, 109, 110, 112, 114, 117, 121, 130, 131, 144, 146, 147, 149, 150, |44
151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 165, 166, 173, 175,
176, 177, 178, 181, 182, 183, 184, 185, 186, 195, 196, 197

Source Own elaboration
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Annex 10.7 Cluster and hospital care center-scenario 3

Cluster | Hospital care center number Total
1 42,52,90, 174, 180, 191 6
2 1,4,5,6,13,18,19, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 43, | 49

44, 45, 46, 47, 48, 49, 50, 51, 53, 87, 89, 91, 92, 93, 94, 95, 96, 97, 98, 99, 101,
102, 103, 104, 105, 193

167, 168, 169, 170, 171, 172, 187, 188, 190, 192, 194 11
4 2,3,7,8,9,10, 11, 12, 14, 15, 16, 17, 21, 22, 23, 24, 25, 26, 54, 55, 62, 66, 68, | 26
69,75, 88
5 56,57, 58, 59, 60, 61, 63, 64, 65, 67,70, 71, 72,73, 74,76, 77,78, 79, 80, 81, |56

82, 83, 84, 85, 86, 107, 111, 113, 115, 116, 118, 119, 120, 122, 123, 124, 125,
126, 127, 128, 129, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
145, 189

7 20, 100, 106, 108, 109, 110, 112, 114, 117, 121, 130, 131, 144, 146, 147, 148, |49
149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164,
165, 166, 173, 175, 176, 177, 178, 179, 181, 182, 183, 184, 185, 186, 195, 196,
197

Source Own Elaboration
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