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Abstract 

 

Due to the recent pandemic, air quality monitoring 

has seen a resurgence of interest, however, 

commercial equipment for environmental 

monitoring needs a considerable economic effort. In 

this project, a prototype of a meteorological and air 

quality monitoring system is developed and 

implemented. The validation of the system was 

conducted by comparing the energy consumption 

with the Gila station, a version used previously. The 

system is composed of a sensor node, a gateway, and 

an application server. Communication between the 

sensor node and the gateway is through the 

LoRaWAN low-power protocol and The Things 

Network (TTN) service is used for IoT integration. 

The system monitored meteorological and air quality 

variables using low-cost components and with low 

energy consumption and prolong its autonomous life 

thanks to an energy harvesting system. 

 

 

Monitoring, LoRaWAN, Air Quality, IoT 

 

 

Resumen 

 

Con la reciente pandemia, el monitoreo de la calidad 

del aire ha visto un resurgido interés, sin embargo, 

los equipos comerciales para monitoreo ambiental 

suponen un gran esfuerzo económico. En este 

proyecto se desarrolla e implementa un prototipo de 

sistema de monitoreo meteorológico y calidad del 

aire. La validación del sistema propuesto se llevó a 

cabo comparado el consumo energético con la 

estación Gila, una versión empleada con 

anterioridad. El sistema está compuesto por un nodo 

sensor, un gateway y un servidor de aplicación.  La 

comunicación entre nodo sensor y gateway se da a 

través del protocolo de baja potencia LoRaWAN y se 

emplea el servicio The Things Network (TTN) para 

la integración IoT. El sistema probó monitorizar 

variables meteorológicas y de calidad del aire con 

componentes de bajo costo y produciendo un bajo 

consumo energético y prolongando su vida autónoma 

gracias a un sistema de recolección de energía. 

 

Monitoreo, LoRaWAN, IoT, Calidad de Aire, IoT 
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1. Introduction 

 

Today, knowing the levels of air pollution in 

cities has become a factor of which it is essential 

to be aware of its negative impact not only on the 

environment but above all on health and comfort 

of the human being, since the presence of 

pollutants such as particulate matter in its 2.5 and 

10 micrometer version (PM2.5 y PM10), ozone 

(O3) and total suspended particulate (TSP) are 

related to some respiratory diseases like asthma, 

infections or pneumonia, cardiovascular 

diseases and increased mortality, especially in 

urban areas  (Sánchez & Caraballo, 2015; 

Montaño et al., 2016).  

 

In Mexico, atmospheric monitoring 

began in 1950, until 14 manual stations were 

incorporated in 1966 to monitor smoke, 

particles, and sulfur dioxide. It is not until the 

70's that a manual network composed of 22 

stations scattered in various cities was installed 

(apud Martínez & Romieu, 1997).  So, until 1986 

with the entry of Mexico into the GATT 

(General Agreement on Customs Tariffs and 

Trade), the Official Mexican Standards (OMS) 

are established following the recommendations 

of the International Organization for 

Standardization (ISO). Within these regulations, 

those related to the monitoring of air quality and 

their respective tests are those issued by the 

Secretariat of Health and by the Secretariat of 

Environment and Natural Resources 

(SEMARNART for its acronym in Spanish) 

(Instituto Nacional de Ecología, 2018).  

 

Seeking to comply with the 

corresponding regulations, institutions and 

governments resort to the use of commercial 

base stations to carry out air quality monitoring. 

For example, Sonora State Government installed 

a TE-6070V manual equipment in the city of 

Hermosillo to monitor PST and PM10associated 

with the lack of paving, sprawling urban growth, 

and vehicular traffic. (Duarte Tagles et al., 

2021).  Subsequent studies focused on the state 

of Sonora investigated the impact of heavy 

metals present in the air on health (Cruz Campas 

et al., 2017), finding that the presence of copper 

practically on every day of the experiment in the 

cities of Hermosillo and Obregón has a moderate 

to strong relationship with acute respiratory 

infections (ARI), while in the city of Guaymas 

diseases such as pneumonia-bronchopneumonia 

are attributed to the presence of nickel.  

It should be noted that although in some 

cases there was the presence of metals on most 

days, these do not exceed the established limit, 

so they do not pose a problem for the health of 

the population. Meanwhile in his study (Cabrera 

et al., 2021) found an association between 

mortality from Covid-19 and exposure to NO2 in 

Mexican cities. 

 

Despite the effectiveness of manual 

systems, they have a series of disadvantages 

such as involving a great economic effort, they 

are large, difficult to install and maintain, the 

data generated is stored locally, and finally do 

not allow modification, therefore, the parameters 

of interest cannot be selected and in this 

particular case there is only the ability to monitor 

two air quality parameters and they do not keep 

a record of parameters such as temperature, 

relative humidity,  wind speed and direction with 

which studies can be carried out looking for its 

relationship with air pollution or health.  

 

Thanks to the integration of the Internet 

of Things (IoT) with wireless sensor networks 

(WSN), a wide range of applications arise such 

as agriculture, industrialization, environmental 

monitoring, vehicle tracking, buildings, smart 

cities intelligent, as well as security and 

medicine (Jino Ramson & Moni, 2017).  

 

These networks can be developed of a 

few sensor nodes up to thousands of them, 

capable of collecting, and processing 

information from the environment and 

transmitting it either to other sensor nodes or to 

a base station through one or more gateways. So, 

taking advantage of the rise of the IoT and the 

easy access to a wide range of sensors and 

actuators have driven the community in the 

development of sensor networks for air quality 

monitoring.  

 

Thanks to this initiative, there is a higher 

level of customization in terms of variables of 

interest and adaptability to the environment, 

whether they are closed spaces or outdoors, thus 

obtaining good performance with less economic 

effort. 
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The remaining sections of this review 

article are organized as follows. Section 2 

identifies the possible innovations and describes 

the problem to be solved, later in Section 3 the 

state of the art of air quality systems is presented. 

Section 4 describes the methodology and 

development of the proposal while Section 5 

discusses the main results obtained, Section 6 

indicates the institutions financing the work   and 

finally Section 7 presents the conclusions and 

possible future work. 

 

2. Problem  

 

Although a series of projects have been carried 

out by research institutions seeking to monitor 

air quality in the city of Hermosillo, these 

systems are expensive and have not optimized 

their energy performance, depending largely on 

rechargeable batteries and using technologies 

such as Wi-Fi or Bluetooth for data 

communication.  

 

Therefore, in this scenario, the following 

research questions arise: How to increase the 

useful life of the current meteorological stations 

in the city of Hermosillo? What is the impact of 

adding new air quality variables in terms of 

energy consumption? 

 

3. Related Work 

 

Many of the approaches or strategies for the 

development of a low-cost wireless sensor 

network or IoT system for monitoring air quality 

consist of using Arduino, the ESP8266 and 

ESP32 NodeMCU microcontrollers, or the 

Raspberry Pi family microcomputers as a 

processing unit (Abraham & Li, 2016; Ming et 

al., 2019; Sharma et al., 2019). Another factor in 

common is that they take as main parameters of 

interest the PM2.5, PM10 O3, CO_2 and total 

volatile organic compounds (TVOCs) using 

sensors such as MQ-135, MQ-131, CCS811, 

Plantower PMS5003 and PMS7003 supported 

by DHT22 or BME280 (temperature and 

humidity sensors) to carry out their calibration if 

necessary (Johnston et al., 2018; Jose & 

Sasipraba, 2019; Sun et al., 2017; Velasquez 

Garcia, 2022).  

 

 

 

 

 

 

Since the outbreak of the COVID-19 

pandemic within the literature,  the number of 

articles on air quality based on wireless sensor 

networks has increased, (Filip et al., 2020) 

presents an air quality monitoring system that 

uses a Raspberry Pi as a processing unit and 

monitors parameters such as PM2.5, PM10, CO,  

CO2, O3, SO2, and TVOC's taking advantage of 

the LoRa network of the city of Timișoara, 

Romania to transmit them and later visualize 

them in a web interface. While (Zhou et al., 

2020) presents an intelligent air quality 

monitoring system that uses an Arduino 

Leonardo with LoRaWAN modules to 

communicate with the LoRa platform "The 

Thing Networks" (TTN) which integrates with 

Ubidots, an IoT platform for data analysis, 

visualization and sending SMS alerts when the 

parameters are not within the established 

threshold.  

 

Likewise, in the work developed by 

(Glass et al., 2020) a monitoring system for air 

quality of a compact design is described again, 

with integration to the cloud and with the 

addition of operating on solar energy. 

Meanwhile, the design of the Energy Harvesting 

System (EHS) is hardly detailed and the analysis 

of energy consumption and loading and 

unloading time is left for future work. 

 

Unlike the works already mentioned

 (Sampaio et al., 2019) tested its system 

with three different transmission media, Zigbee, 

Xbee antennas with Wi-Fi, and BLE with low-

cost sensors such as MQ-2 and DHT11, it 

performed an analysis of the entire system from 

the work cycle of the sensors, the current per 

hour in mA of each sensor, of the Arduino in 

active and idle mode and the modules in their 

respective states. While (Babatunde et al., 2020) 

presents an air quality monitoring system whose 

central node unit is an MSP430FR5969 

development card that interprets the CCS811 

sensor values in carbon dioxide equivalent 

(eCO2) and volatile organic compounds. 

(TVOC's) and thanks to a LoRa SX1276 radio it 

communicates these parameters within a 

coverage area of up to 1km in a direct line of 

sight. The system harnesses solar energy through 

a cell and ceramic capacitors to power the 

system. Although the MSP430FR5969 was 

chosen for its low energy consumption, some 

tests were carried out with an Arduino, because 

when trying to make the first development board 

work, problems were found.  
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After all, instead of providing 3.3V, 1.9V 

was obtained, which made it impossible the 

operation of LoRa radios. 

 

However, among the works oriented to 

low-cost or low-power systems (Abraham & Li, 

Op. Cit.) implemented a low-cost indoor air 

quality monitoring system taking an Arduino as 

a processing unit, the system uses Xbee modules 

(implement Zigbee) in a mesh-type topology to 

support system communication, the results 

obtained were validated by comparing them with 

a trading system (GrayWolf System). However, 

this work, being focused on indoor monitoring, 

uses a cellular technology such as Zigbee, which 

does not have great coverage and although the 

components used are accessible to most of the 

community, its energy impact on the system was 

not described. Meanwhile, (Hossein et al., 2020) 

developed two generations of portable device 

that has a Wi-Fi module and a cell phone that 

provides GPS for the recording and visualization 

of particulate matter and meteorological 

variables such as temperature, humidity, and 

pressure. The presented device can be powered 

either from the power outlets or via a portable 

charging module, although they do not 

communicate with each other and the need for a 

cell phone hinders the scalability of a possible 

network made up of these devices, consequently 

these factors make it unfeasible due to the high 

economic cost that it would entail. 

 

(Kortoçi et al., 2022) presents a portable 

low-cost sensor device to measure air quality in 

the districts of Pakila and Pirkkola Finland, with 

this device it was sought not to depend on static 

stations and thus be able to identify the areas of 

greatest contamination taking into account 

closed spaces (buildings) and open spaces 

(environment) identifying these types of spaces 

by their temperature and taking 20°C as a 

delimiter. Thanks to an accelerometer, the 

device differentiates between two states 

(movement and rest) to adjust the sampling 

period and thus save energy. Although the 

developed device was compact, facilitating its 

transport and portability, it was somewhat 

fragile, consequently presenting problems to the 

subjects who carried out the study, since the 

device fell or was hit, the sensors were broken or 

desoldered, respectively, and the calibration 

process of the sensors was not described either 

and the main drawback is that you need a cell 

phone to record the data via BLE (Bluetooth 

Low Energy).  

(Abdaoui et al., 2020), conducted an 

outdoor air quality monitoring system capable of 

measuring the concentrations of CO2, CO, and 

Cl2 as well as meteorological variables such as 

temperature, pressure, and relative humidity. 

The system is made up of a sensor node that 

transmits the information from the calibrated 

sensors via Xbee to a Raspberry Pi 

microcomputer used as a Gateway.  

 

Regarding the power supply of the 

system, it was decided to take advantage of solar 

energy, for which a 5V-2W photovoltaic panel 

was used, and to determine the energy 

efficiency, two rechargeable lithium-ion 

batteries of 2300 and 6600 mAh were used to 

estimate the rate loading and unloading; 

selecting the 6600 mAh battery as it showed 

12% consumption during discharge.  

 

Although in this work the energy aspects 

of the system are detailed and its architecture is 

illustrated, the calibration process of the sensors 

is not detailed. 

 

On the other hand, (Sampietro-Saquicela 

et al., 2022) describes a series of metrics with 

which to validate the installation of an air quality 

monitoring system in the city of Esmeraldas in 

Ecuador from an economic perspective, within 

these metrics the environmental impact is listed 

(data of air quality, energy consumption, 

regulation by control bodies, etc.), technological 

impact (reliable, innovative, technical solution, 

software, and hardware upgradeability, etc.) and 

finally the economic impact considering the cost 

of components and supplies, labor and payment 

to professionals, as well as the annual 

investment. 

 

Table 1 summarizes the characteristics of 

some of the previous systems with the addition 

of the "Gila" meteorological and air quality 

station, developed by (Grijalva et al., 2022) in a 

proposal before the development of this project.  

 

This system is capable of monitoring 

temperature, relative humidity, atmospheric 

pressure and concentration of PM2.5 and PM10 in 

0.01cubic feet (ft3) through an ESP8266 

NodeMCU. 
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 Parameters MCU Protocol EHS 

Abraham O3, CO, CO2, 

TVOC’s 

Arduino Xbee No 

Sampaio CO2, Co, Cl2 Waspmote Xbee Yes 

Hossein PM, T, HR, P NA Wi-Fi No 

Glass CO, NO2, PM  Murata LoRa Yes 

Babatunde eCO2, TVOC MSP430 LoRa Yes 

Gila T, RH, PM. ESP8266 Wi-Fi Yes 

 
Table 1 State of the art systems comparison. 

Source: Developed by the authors based on the works of 

(Abraham & Li, 2016; Sampaio et al., 2019; Hossein et 

al., 2020; Glass et al., 2020; Babatunde et al., 2020; 

Grijalva et al., 2022) 

 

4. Proposed System Design 
 

This work focuses on the development of low 

energy consumption and low-cost system 

capable of monitoring meteorological 

(temperature, relative humidity, atmospheric 

pressure) and air quality parameters (carbon 

dioxide, carbon monoxide, ozone, and 

particulate matter).   

 

Figure 1 shows the block diagram of the 

architecture of the proposed system, which has a 

sensor node that is powered by an EHS and 

establishes communication with the Gateway 

through LoRaWAN. In turn, via Wi-Fi, Ethernet, 

or 3G, it communicates with The Things 

Network, a global LoRaWAN network server. 

 

 
Figure 1 Proposed system block diagram 

Source: Own Elaboration 

 

1.1. Sensor Node 

 

The sensor node designed is not only capable of 

monitoring air quality variables such as ozone 

(in ppm), particulate matter in its variants PM2.5 

y PM10  (
𝜇𝑔

𝑚3
), carbon dioxide (in ppm) and 

TVOC's, if not also monitor environmental 

parameters such as temperature (°C), relative 

humidity (%) and atmospheric pressure (hPa).  

 

 

It establishes communication with the 

gateway thanks to LoRa modules using the 

915MHz frequency band and has a program that 

interprets the signals from each sensor, starts the 

transmission of packets, and optimizes energy 

consumption. 

 

During the selection of the central unit 

from the sensor node, energy efficiency was 

prioritized over the popularity of the device, so 

the MSP-EXP430FR5969 microcontroller from 

the Texas Instruments MSP430 family, 

characterized by its ultra-low power 

consumption, was chosen. The open-source 

platform “Energia” is used to upload the codes 

in to the microcontroller, meanwhile most of the 

sensor selected are well known and easy to 

acquire. The components that conform the 

sensor node are specified in Table 2. 

 
Component Function Cost (mxn) 

MSP430 Processing 541.5 

SHT10 T and RH reading. 979 

BMP180 T and P reading. 26 

CCS811 eCO2 and TVOC reading. 470 

PPD42NS PM2.5, PM10 measure. 249 

MQ-131 O3 reading 780 

RMF95W LoRaWAN access. 390.6 

Total 3436.1 

 
Table 2 Sensor node components 

Source: Own Elaboration 

 

1.2. Gateway 

 

To receive the packets sent by the sensor node, 

the RAK831 concentrator module was chosen. 

This module is designed for IoT, Smart Sensing, 

and M2M (Machine-to-Machine) applications 

and to receive multiple LoRa packets 

simultaneously using different spreading factors 

(SF) on multiple channels. 

 

The RAK831 module is accompanied by 

a Raspberry Pi 3B+ microcomputer as a host, 

which has the necessary firmware for the module 

to establish the connection with the external 

server of The Things Network (TTN) through an 

Activation By Personalization (ABP) where the 

device address and session keys are predefined 

so they do not need to be re-negotiated when 

starting a new session. 

 

 

 

 

 

 

Power 

Powe

r 

Energy Source 

Storage Device 

BMP180 

 

EH System Central Unit & Sensor Node Gateway & 

Server 

SHT10 

MQ-

 
CCS811  

PPD42NS  

RAK831 

NAS 

SSPI 

MCU RFM95W 
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1.3. Server 

 

The core of the server is a NAS (Network 

Attached Storage) unit, which is an intelligent 

storage device connected to a local network. The 

version of the NAS used has 34 TB of space in 

which the data received when subscribing to the 

MQTT topics provided by TTN is stored and 

with the possibility of hosting a web server for 

viewing and downloading data and issuing 

alerts. The data flow diagram between the 

gateway and the server can be seen in Figure 2. 

 

 
 
Figure 2 Gateway-Server Data flow 

Source: Own Elaboration 

 

1.4. Energy Harvesting System 
 

Among all the sources from which it is possible 

to collect energy in the State of Sonora, the most 

feasible options are solar and wind energy, 

however, these depend largely on the application 

and the conditions of the region, for example, 

although solar energy is unlimited, it is not 

always present (during cloudy periods or night) 

and is diminished if it is not outdoors or due to 

lack of maintenance on the solar panels (dirt, 

damage from rain or animals). Even so, solar 

energy is chosen to provide energy support to the 

monitoring system. 

 

To collect it, there is a 20W photovoltaic 

panel, and a charge regulator to adjust the power 

to one suitable for the system. As for the 

technologies to store the energy produced by the 

EHS, supercapacitors and rechargeable batteries 

are the selection.  

 

 

 

A supercapacitor has a high cycle 

efficiency, a large number of charge cycles, and 

a faster discharge time, as well as a longer life 

while rechargeable batteries on the other hand 

are used due to their high energy density, which 

indicates the maximum amount of energy per 

kilo that can be stored (Prauzek et al., 2018). 

 

2. Results 

 

This section first details the parameters of the 

LoRaWAN configuration used and then the 

energy consumption of each component of the 

sensor node and the total energy expenditure of 

what a work cycle would entail where the data is 

processed and transmitted to the sensor is 

estimated. server. This amount of energy 

consumed will serve as a point of comparison 

with the Gila station and above all as a guideline 

in the design of the energy harvesting system. 

 

2.1. System Configuration 

 

Before estimating the energetic parameters of 

the station, the metrics for the transmission of the 

packets containing the data of each sensor were 

determined. One of the most important of these 

metrics is time on air (ToA). The ToA is the 

range of time in which the packet is sent until it 

is received and is the sum of the duration of the 

preamble and the duration of the payload. 

(SEMTECH, 2020).  

 

ToA = Tpreamble + Tpayload   (1) 

 

Tpreamble = (npreamble + 4.25)Ts  (2) 

 

Ts =
2SF

BW
      (3) 

 

Tpayload = npayload ∙ Ts   (4) 

 

α =  ⌈
8PL−4SF+28+16CRC−20IH

4(SF−2DE)
⌉  (5) 

 

npayload = 8 + max (α(CR + 4), 0) (6) 

 

where:  

npreamble = 8  

PL ∈ {1,2, … ,255} bytes.  

SF(Spreading Factor) ∈ {7, … ,12}  

CRC = 1  

IH = 1 if header present, 0 otherwise  

DE = 1 if Ts > 16 ms (SF ≥ 11), 0 otherwise. 

CR where {1,2,3,4} represents {
4

5
,

4

6
,

4

7
,

4

8
} . 

User App 

Database NAS 

Gateway 
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So, the higher the ToA of the station, the 

higher the energy consumed by the sensor node. 

Table 3 shows the different ToA for a 16 bytes 

payload, at a frequency of 125kHz, a code rate 

(CR) of 1 and a header present. 

 
SF ToA (ms) 

7 51.456 

8 92.672 

9 164.864 

10 329.728 

11 659.456 

12 1318.912 

 
Table 3 ToA of a 16 bytes packet 

Source: Own Elaboration 

 

In the other hand The Things Network 

Fair Access Policy limits the uplink message to 

30 seconds per day per end node, so using the 

previous configuration the system is able to send 

22 to 583 uplink messages. 

 

2.2. Sensor Node Energy Performance 

Evaluation 

 

The energy analysis of the sensor node was 

carried out through the integrated tool in one of 

the development environments (Code Composer 

Studio) used for programming the development 

card: EnergyTraceTM.  
 

Communication with this tool is possible 

thanks to the ez-FET debugger of the card and it 

allows graphical visualization of the energy 

consumption, the active components, and 

peripherals in each low consumption mode 

(LPM) of the card. It also displays tables 

indicating the average, minimum and maximum 

energy, current, and voltage.  Graph 1 shows the 

energy consumed by the BMP180 sensor in one 

duty cycle. However, it was observed that the 

consumption was not as low as expected. 

 

 
Graphic 1 Unoptimized energy consumption 

Source: Own Elaboration. 

 

The undesirable consumption was 

caused due unused ports pin were unconfigured 

as a I/O function so it was necessary configure 

them as an output consequently left them 

unconnected on the board avoiding unnecessary 

extra current draw. Graphic 2 shows the impact 

on energy consumption configuring unused 

ports. 

 

 
Graphic 2 Optimized energy consumption 

Source: Own Elaboration 

 

To determine the total consumption of 

the sensor node, the card with each sensor and 

module was evaluated independently, focusing 

on the current consumed and the operating time. 

These data are displayed in Table 4. 

 

Component 
Voltage 

(V) 
Current (mA) Time (s) 

BMP180 3.6 1.096  0.336 

SHT10 3.6 0.5697  1.750  

CCS811 3.6 17.2729 4.1 

PPD42NS 5 90 1.448 

MQ-131 3.6 72.2245  15 

RFM95W 3.6 5.0016 2.17 

 
Table 4 Components energy consumption. 

Source: Own Elaboration 

 

On the other hand, the RFM95W 

transceiver module transmits a 16-byte packet 

containing the data from each sensor, with a 

spreading factor of 7 (SF7) over the 125kHz 

frequency band. Graphic 3 shows the 

consumption of the module and the behavior of 

a Class A LoRa device can be denoted, that is, 

the device is activated, transmits a packet, and 

opens two data reception windows. In this case, 

the transmission stage took approximately 75 ms 

with constant consumption of 86.9893 mA. 
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Graphic 3 LoRa module power consumption 

Source: Own Elaboration 

 

Once the energy consumption of each 

component is known separately, the total 

consumption of the sensor node is given by (7). 

 

ET =  ∑ Ii ∙ ti  ∙ Vi
n
i     (7) 

 

where: 

I = Average current. 

V = Source voltage. 

t = Active time. 

n = # of components. 

i ∈ {1, 2, … , n}  

 

Obtaining a total of 4.85 J (approx. 195 

mW), meanwhile, testing the Gila system, it was 

found that it had a constant consumption of 

approximately 141 mA (see Figure 3), although 

the station takes measurements in periods of 10 

minutes, due to the lack of optimization never 

enters into a low power mode, consequently the 

peripherals always maintain a constant power 

draw. 

 

 
 
Figure 3 Gila station power consumption 

Source: Own Elaboration 

. 

 

 

 

 

Then, assuming that we have the 25-

second work cycle of the developed station and 

that it is powered by 5 V, the Gila station would 

consume approximately 17.625 J (705 mW), 

thus requiring 3.6 times the consumption of the 

developed station in this work. 
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7. Conclusions 

 

This paper describes the design process of a low-

energy meteorological and air quality station 

with a budget of less than 180 dollars (3436 

mxn) showing an energy optimization compared 

to the Gila station, which approximately 

quadruples energy consumption even with a 

smaller amount monitored parameters.  

 

Both the hardware and software 

technologies integrated in the sensor nodes and 

the gateway facilitate the creation and scalability 

of a network made up of the designed sensor 

nodes, also the importance of the correct 

selection of the transmission parameters over 

time was noted.  

 

As future work, it is expected to 

implement an adequate energy harvesting 

system that serves as support, add new 

meteorological variables such as wind speed and 

direction, precipitation, and solar irradiation, as 

well as carry out exhaustive field tests with 

which to validate the monitored parameters.    
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Abstract 

 

This article aims to show the dimensioning and evaluation 

of a Distributed Generation system based on renewable 

energies for its application in a rural area in the state of 

Veracruz, Mexico. The main motivation of this work 

arises from the shortage of energy or a deficient supply in 

numerous localities located in the state of Veracruz, 

derived from different reasons. A methodology based on 

the application of HOMER Pro software is proposed for 

the sizing and optimization of a renewable hybrid system, 

considering it as an isolated set from the supply network, 

achieving the optimization and evaluation from technical 

and economic aspects. Initially, the meteorological data of 

the site were obtained, from its geographical coordinates; 

subsequently, the demand profile of one of the households 

in the community is determined to extrapolate it to the total 

number of dwellings. The results obtained in this research 

can serve as a basis for its implementation and, therefore, 

improve the conditions in which the population of rural 

communities or isolated from supply networks usually 

live. 

  

 

 

Distributed generation, Optimization, Rural 

electrification  

 

Resumen  

 

Este articulo tiene como objetivo, mostrar el 

dimensionamiento y evaluación de un sistema de 

Generación Distribuida basado en energías renovables 

para su aplicación en una zona rural en el estado de 

Veracruz, México. La motivación principal de este trabajo 

surge a partir de la escasez de energía o de un suministro 

deficiente en numerosas localidades ubicadas dentro del 

estado de Veracruz, derivado de diferentes motivos. Se 

propone una metodología basada en la aplicación del 

software HOMER Pro para el dimensionamiento y 

optimización de un sistema híbrido renovable, 

considerando este como un conjunto aislado de la red de 

suministro, logrando así la optimización y evaluación a 

partir de aspectos técnicos y económicos. Inicialmente se 

obtienen los datos meteorológicos del sitio, a partir de sus 

coordenadas geográficas; posteriormente, se determina el 

perfil de demanda de uno de los hogares de la comunidad 

para extrapolarlo al total de viviendas. Los resultados 

obtenidos en esta investigación pueden servir de base para 

la puesta en marcha del sistema y, por tanto, mejorar las 

condiciones en las que viven los habitantes de 

comunidades rurales o aisladas de las redes de suministro.  

 

Generación distribuida, Optimización, Electrificación 

rural  
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Introduction 

 

Nowadays, electrical energy is an essential part 

of people's lives, since, thanks to it, some needs 

can be solved, such as: food storage, lighting, 

and even as a support to generate a more pleasant 

environment with the help of air conditioning or 

heating systems; among many other 

applications.  

 

In Mexico there are still many rural 

communities where there is no or a deficient 

supply of electricity, which is an important 

service to achieve a better quality of life. 

 

The concept of Distributed Generation is 

not new, it has been used since the beginning of 

electricity generation, since the latter is based on 

generation at the place of consumption. 

Subsequently, due to population growth and 

demand, it has been changing to centralised 

generation systems located in the geometric 

centre of consumption areas, and locating loads 

around them (Comisión Nacional para el Uso 

Eficiente de la Energía [CONUEE], 2014). 

 

During the first decade of the 21st 

century, Mexico achieved 96.6% of the 

population with electricity supply nationwide, of 

which 60% is in indigenous communities. Most 

of the people who suffer from a deficient 

electricity supply are those living in small 

communities, far from large towns or cities, 

which hinders the availability of the service due 

to the lack of infrastructure, roads, water, 

telecommunications, schools or health care 

(Banco Nacional, 2017). 

 

One way to estimate the influence of 

having electricity in a population is by 

evaluating the human development index (HDI), 

which is an indicator that assesses the quality of 

life of people based on three main criteria: life 

expectancy, education and gross domestic 

product (United Nations Development 

Programme [UNDP], 2016).  Table 1 shows the 

direct relationship between the HDI and 

electricity consumption (kWh per inhabitant) 

and people's access to electricity (%) (Carrillo, 

2019). 

 

 

 

 

 

 

IDH Electricity consumption 

(kWh/inhab.) 

Access to 

electricity (%) 

0.351-0.555 39 - 537 4.5 - 84.9 

0.466-0.768 144 -3,419 27.9 - 100 

0.637-0.826 271 - 6,603 49.6 - 100 

0.779-0.948 2,202 - 19,592 96.4 - 100 

 
Table 1 Relationship of HDI to energy consumption per 

capita 

Source: (Carrillo, 2019) 

 

Community selection 

 

The locality of Atolka was selected in the 

municipality of Omealca, in the state of 

Veracruz. It is a town with a total of 35 inhabited 

dwellings, none of which have electricity supply, 

according to data obtained from the 2020 

population census (Instituto Nacional de 

Estadística y Geografía [INEGI], 2020a). Table 

2 summarises the characteristics of the dwellings 

in Atolka. 

 
Dwellings Total 

Private 38 

Inhabited 35 

With electricity 0 

With water 0 

With drainage 26 

With sanitation 0 

 
 

Table 2 Characteristics of dwellings in Atolka 

Source: (INEGI, 2020a) 

 

Once the area where the study is going to 

be carried out has been selected, it is necessary 

to know the geographical coordinates of the site, 

in order to obtain the meteorological data useful 

in the development of the system. Therefore, 

from the information obtained (INEGI, 2020b), 

we know that the locality of Atolka is located at 

latitude 18.76326 and longitude -96.89923.  

 

Load profile 

 

As it is a rural community, the technological 

needs are usually lower than those of dwellings 

in large cities. This is why the load profile for a 

house in this population is estimated, with the 

equipment shown in table 3. It is intended that 

each household will use 3 luminaires, a washing 

machine, a small refrigerator, a television and a 

fan (Lamnadi and Boulezhar, 2016). 
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Table 3 Proposed equipment for a community household 

Source: Own Elaboration 

 

After obtaining load profiles, a 

consumption pattern is established for the entire 

community, depending on the hours of the day 

and the season of the year. An estimate was 

made of the operation of the devices during each 

of the hours of the day in the 365 days of the 

year, thus obtaining a total of 8760 consumption 

data. Table 4 shows the consumption data for 

one day in January. According to López et al. 

(2018). The consumption of each hour in a 

dwelling is multiplied by the total number of 

dwellings (35), to obtain the total consumption 

of the site. 

 
Day Hour Consumption 

1 house (Wh) 

Consumption 

locality (Wh) 

01/01/2021 01:00:00 a. m. 90 3150 

01/01/2021 02:00:00 a. m. 90 3150 

01/01/2021 03:00:00 a. m. 90 3150 

01/01/2021 04:00:00 a. m. 90 3150 

01/01/2021 05:00:00 a. m. 90 3150 

01/01/2021 06:00:00 a. m. 90 3150 

01/01/2021 07:00:00 a. m. 113 3955 

01/01/2021 08:00:00 a. m. 136 4760 

01/01/2021 09:00:00 a. m. 136 4760 

01/01/2021 10:00:00 a. m. 206 7210 

01/01/2021 11:00:00 a. m. 206 7210 

01/01/2021 12:00:00 p. m. 229 8015 

01/01/2021 01:00:00 p. m. 229 8015 

01/01/2021 02:00:00 p. m. 136 4760 

01/01/2021 03:00:00 p. m. 183 6405 

01/01/2021 04:00:00 p. m. 183 6405 

01/01/2021 05:00:00 p. m. 183 6405 

01/01/2021 06:00:00 p. m. 206 7210 

01/01/2021 07:00:00 p. m. 453 15855 

01/01/2021 08:00:00 p. m. 453 15855 

01/01/2021 09:00:00 p. m. 229 8015 

01/01/2021 10:00:00 p. m. 206 7210 

01/01/2021 11:00:00 p. m. 160 5600 

02/01/2021 12:00:00 a. m. 90 3150 

 

Table 4 Consumption data for one day in the month of 

January 

Source: Own elaboration 

 

Graph 1 shows the graphical behaviour 

of consumption throughout the year. 

 
 

Graphic 1 Hourly consumption profile in a year 

Source: Own Elaboration 

 

It can also be seen that in the months of 

May, June and July, consumption is higher due 

to higher temperatures. 

 

Application of HOMER Pro 

 

For this case study, the software HOMER Pro 

was used, which is a tool that performs the 

simulation and optimisation of energy 

microgrids, in this case, that of a Distributed 

Generation system (Homer Energy, 2020). 

 

Fortunately, within the HOMER Pro 

interface it is possible to insert the load profile 

from a text format. In this case, the load profile 

is generated in Microsoft Excel software and 

saved in .txt format for import into HOMER Pro 

(Homer Energy, 2020). Once the load profile is 

available, HOMER Pro displays the window 

with the summary of the load of the case study 

in one year, as shown in figure 1. 

 

 
 

Figure 1 Load profile in HOMER 

Source: Own Elaboration 
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Renewable Resource Assessment in HOMER 

Pro 

 

The renewable resources that can be used in the 

selected area for electricity generation are 

evaluated.  

 

In the case of the community of Atolka, 

there are no nearby water currents that can be 

used for electricity generation due to its location. 

However, energy from the sun and wind can be 

harnessed, as these are available. Therefore, only 

the available wind and solar resources are 

evaluated. 

 

For this study, the data of the renewable 

resources available at the site are required. In this 

case those corresponding to the solar resource 

(radiation) and the wind resource (wind speed). 

Therefore, a database was sought that would 

collect such information on an hourly basis (24 

data per day taken every hour) for one year. 

NASA's Prediction Of Worldwide Energy 

Resources (POWER) Data Access Viewer 

database was selected. In this platform, the 

coordinates of the desired location are entered to 

collect the data in the defined period (Carrillo et 

al., 2019).  

 

In HOMER Pro, the coordinates of the 

study site are entered to obtain the 

meteorological data within the software. These 

data are taken by HOMER Pro from the NASA 

POWER database. This generates graphs 2 and 

3, which show the average daily radiation data 

and the average wind speed. 

 

 
 

Graphic 2 Solar resources at HOMER 

Source: Own Elaboration 

 

 
 

Graphic 3 Wind Resources in HOMER 

Source: Own Elaboration 
 

Selection of system components 

 

The use of photovoltaic panels and wind 

generators is proposed, in addition to the 

incorporation of a diesel generator and a battery 

bank for the constant supply of electricity. This 

is because the solar panels only generate energy 

in the presence of the sun, i.e. during the day, and 

at night the system would have a lack of 

generation (Gómez et al., 2018). Table 5 shows 

the techno-economic data for each of the system 

components. 

 
Component Capacity Cost (DLS) 

Photovoltaic panel 0.34 kW 350 

Wind generator 10.4 kW 5,000 

Battery 1 400 kWh 10,000 

Battery 2 2.3 kWh 800 

Battery 3 2.36 kWh 780 

Inverter 24 kW 2,500 

Diesel Generator 22 kW 11,000 

 

Table 5 System components 

Source: Own Elaboration 

 

Optimisation in HOMER Pro 

 

The HOMER Optimizer option is selected to 

obtain the most economical options that meet the 

load requirements that have been previously 

entered. As a result, a number of possible 

combinations are obtained, so that the analysis 

and selection of the arrangement according to 

the needs of the system is effective (Homer 

Energy, 2020). 

 

Results 

 

The top 10 arrays provided by HOMER Pro were 

chosen (see table 6), ranked in order of 

increasing net present cost (NPC). 
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No. 

Arrangement 

PV 

(kW) 

Eol 

(kW) 

Gen 

(kW) 

Bat 1 

(Pza) 

Bat 2 

(Pza) 

Bat 3 

(Pza) 

Inver 

(kW) 

1 52.1 0 0 2 0 0 24 

2 52.5 0 22 2 0 0 24 

3 50.0 1 0 2 0 0 24 

4 49.7 1 22 2 0 0 24 

5 141 3 0 0 69 0 24 

6 145 0 0 0 92 0 24 

7 142 3 22 0 84 0 24 

8 113 4 0 0 0 74 24 

9 138 0 22 0 104 0 24 

10 99.3 4 22 0 0 94 24 

 

Table 6 Comparative table of optimal arrays 

PV=Photovoltaic panel, Eol=Wind turbine, Gen=Diesel 

generator, Bat (1, 2 and 3)= Batteries, Inver= Inverter 

Source: Own Elaboration 
 

Table 7 shows the comparison between 

the first ten arrays, their net present cost (NPC), 

cost of energy (COE), operation and 

maintenance (O&M) cost and the renewable 

fraction (RF), which refers to the percentage of 

energy generated from renewable sources (Das 

et al., 2020). 

 
No. 

Arrangement 

CPN (DLS) COE (DLS) OyM (DLS/año) FR 

(%) 

1  $ 98,088   $ 0.129 $ 4,436 100 

2  $ 106,861   $  0.140  $ 4,253  100 

3  $ 108,601   $  0.143  $ 4,918  100 

4  $ 116,779   $  0.153  $ 4,709  100 

5  $ 357,329  $  0.470 $ 18,198 100 

6  $ 381,300  $  0.501 $ 19,679 100 

7  $ 386,773  $  0.508 $ 18,677 100 

8  $ 391,225  $  0.515 $ 20,436 100 

9  $ 400,071  $  0.526 $ 19,742 100 

10  $ 420,436  $  0.553 $ 20,844 100 

 
Table 7 Costs of the ten optimum arrangements 

Source: Own Elaboration 

 

The options can be viewed in order of 

increasing net present cost (NPC). In different 

configurations, not all components of the system 

may be considered, so it is important to consider 

whether or not to sacrifice any suggested 

component in exchange for a better NPC (Avila 

et al., 2011). 

 

As shown, HOMER Pro provides 

multiple options for possible arrangements. So 

that the set load requirement can be met and with 

the climatic conditions of the site in question. 

However, the optimal option is usually the first 

option, but it is possible for the designer to select 

another alternative that allows, for example, a 

balance between cost and renewable fraction. 

For this case study, the aim was to meet the load 

profile at the lowest possible cost. Therefore, the 

option to be selected is the one in the first row of 

the comparative table provided by HOMER Pro, 

because it is the most economical arrangement, 

as well as having a 100% renewable fraction.  

 

If we go into detail, we can see that this 

arrangement has only a photovoltaic array and 

an energy storage system (batteries), without 

considering the inclusion of wind turbines or a 

diesel generator. In the case of the wind 

generator, it is not feasible to implement it in the 

study site, as wind speeds are too low for a 

generator such as the one proposed to generate 

enough energy to cover the requested demand. 

Table 8 shows the summary of the costs of the 

selected system, where the NPC is the value of 

all costs over the lifetime of the system minus 

the value of savings over the same period of 

time. CI is the Initial Capital of all system 

components, O&M is the operation and 

maintenance costs and COE is the cost per kWh 

consumed (Das et al., 2020). 

 
CPN (DLS) $98,088.42 

CI (DLS) $40,735.55 

OyM (DLS) $4,436.5/ year 

COE (DLS) $0.129/kWh 

 
Table 8 Summary of selected system costs 

Source: Own Elaboration 

 

Since the chosen system does not have a 

wind or diesel generator, the largest investment 

will be for the photovoltaic panels and batteries. 

Table 9 shows the cost summary of the system 

by selected component. It is possible to 

appreciate the initial capital, the costs for 

replacement if required, operation and 

maintenance costs, the cost for fuel use and 

savings. 
 

Comp Capital 

($ DLS) 

Reemp 

($ DLS) 

OyM ($ 

DLS) 

Savings 

($ DLS) 

Total ($ 

DLS) 

PV 18,235.55              -    23,574.03             -    41,809.58  

Bat 1 20,000.00  6,376.15  25,855.03  3,593.37  48,637.81 

Inverter 2,500.00  2,208.59  3,231.88     299.45   7,641.03  

System 40,735.55  8,584.74  52,660.95  3,892.82  98,088.42 

 

Table 9 Summary of investment costs by component 

Source: Own Elaboration 

 

Another figure provided by HOMER Pro 

was the total energy production of 81,143 kWh 

for each year the system is in operation. 

 

A Distributed Generation system from 

renewable resources contributes to the 

generation of energy through the 

implementation of clean technologies. In 

addition, it is possible to obtain economic 

benefits, as savings would be obtained in the 

billing of electricity consumed from the 

conventional supply line by the use of natural 

energy and an economic saving is generated.  
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This could be equivalent to the total of 

our investment over time (CONUEE, 2014). 

 

During the duration of the project (25 

years), different passive and active money 

movements are made. Initial investment, 

replacement costs and operation and 

maintenance costs are reflected. Figure 4 shows 

the cash flow over the 25 years. 

 

  
 
Graphic 4 Investment over time 

Source: Own elaboration 
 

It is observed that in year 25 there is a 

positive cash flow, this is due to the fact that at 

the end of the 25 years, it is possible that there is 

equipment with a useful life.  

 

Distributed Generation systems have the 

benefit of a payback period. This refers to the 

estimated time it takes for the project to pay back 

the total investment made. Therefore, they are 

considered to be high profit jobs. 

 

 For this case study, the payback period 

is calculated in years using the following 

equation: 

 

SP =
CI

AEP∗$/kWh−AOM 
                                (1) 

 
Where, CI is the initial installation cost, 

AEP is the annual energy production 

(kWh/year), $/kWh is the cost per kWh and 

AOM is the annual operation and maintenance 

costs according to Nelson and Starcher (2015). 

All money units are shown in dollars. 

 

Substituting the project values into 

equation 1 yields: 

 

SP =
40,735.55

81,143∗0.129−4,073.55 
= 6.37 years                               

 

 

This means that, if the project is 

implemented, it is estimated that in 

approximately six years and five months, 

enough energy will have been generated to 

complete the total investment cost. 
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Conclusions 

 

Distributed Generation systems allow users to 

generate a lower environmental impact due to 

the generation of electricity itself, as it does not 

depend on traditional energies. In addition, 

economic benefits are obtained by obtaining a 

return on investment and savings due to 

unconsumed consumption of electricity supply 

lines throughout the time that these alternatives 

are in operation. 

 

It is important to take into account the 

services of operation, maintenance and 

replacement costs for the equipment that 

requires it in a given period of time, with the 

intention that the system remains in good 

working order.  

 

In this particular case, it is not feasible to 

install wind turbines at the study site due to low 

wind speeds. This made it possible to supply 

100% with solar panels and batteries for energy 

storage.  

 

The HOMER Pro software resulted in the 

most economical options for distributed 

generation systems with 100% renewable 

fraction, which made it possible not to use 

energy generated from fossil fuels. 
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Abstract 

 

The environmental quality of urban public and tourist 

spaces affect the development of the activities of the large 

number of users in heritage cities, where the concept of 

sustainability continues to be one of the main interests for 

researchers around the world. Nowadays, numerous 

indices have been developed to determine the liveability 

of urban spaces; however, there are localities that, due to 

their topographical characteristics, tourist and social 

activities require methods to generate revitalisation 

strategies according to their characteristics. In this study, 

an exploratory longitudinal method was used in a central 

street of a world heritage city with a temperate sub-humid 

climate as a case study, with the objective of favouring, by 

passive means, thermal habitability conditions in a 

heritage urban space focused on promoting pedestrian 

mobility. As a result, an urban revitalisation strategy for 

the benefit of society and tourists in heritage cities was 

obtained to strengthen sustainable urban mobility 

strategies. 

 

 

 

Historic Centres, Urban Revitalisation, Sustainable 

Habitability, Urban Mobility, Touristic Centres 

 

 

Resumen 

 

La calidad ambiental de los espacios urbanos públicos y 

turísticos afecta al desarrollo de las actividades del gran 

número de usuarios en las ciudades patrimoniales, donde 

el concepto de sostenibilidad sigue siendo uno de los 

principales intereses para los investigadores de todo el 

mundo. En la actualidad, se han desarrollado numerosos 

índices para determinar la habitabilidad de los espacios 

urbanos; sin embargo, existen localidades que por sus 

características topográficas, turísticas y sociales requieren 

de métodos para generar estrategias de revitalización 

acordes a sus características. En este estudio se utilizó un 

método longitudinal exploratorio en una calle central de 

una ciudad patrimonio de la humanidad con clima 

templado subhúmedo como caso de estudio, con el 

objetivo de favorecer, por medios pasivos, las condiciones 

de habitabilidad térmica en un espacio urbano patrimonial 

enfocado a promover la movilidad peatonal. Como 

resultado, se obtuvo una estrategia de revitalización 

urbana en beneficio de la sociedad y de los turistas en las 

ciudades patrimoniales para reforzar las estrategias de 

movilidad urbana sostenible. 
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Habitabilidad Sostenible, Movilidad Urbana, Centros 
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1. Introduction 

 

Public spaces in tourist cities are key elements 

for sustainable urban development, especially in 

areas linked to the city centre where many 

tourists and inhabitants converge. Solar 

incidence in warm and temperate climates 

implies a decrease in the interaction of users with 

the public space, which could result in health 

problems such as headaches, sunstroke, among 

others. The absence of thermal comfort in public 

spaces is a stress factor for the organism that 

leads to chronic illnesses in the population [1], 

and an increase in vehicle traffic that generates 

high levels of pollution [2] and it is related to 

problems such as the Urban Heat Island, among 

others. 

 

Management in urban heritage 

destinations considers tourism as an inherent 

component of territorial development. It 

promotes a balance between resources, the 

impacts of the activity, the quality of the tourist 

experience and the well-being of residents, i.e., 

the sustainability of development [3]. The 

strategic purpose of cultural heritage has not yet 

been fully exploited. Most projects still fail to 

take advantage of its cross-cutting nature, 

especially in terms of linking areas such as 

tourism, education and culture [4]. 

 

The objective of the urban approach is to 

ensure comfortable and safe environments [5]. It 

is common to find urban spaces with radiative 

gains that affect directly the user’s thermal 

comfort, especially in historic cities, where the 

concepts of sustainability and thermal comfort in 

outdoor spaces were not considered from the 

beginning. This leads to uncertainty in the use of 

public space. Rosas et al. recommended the use 

of shading and vegetation as passive systems to 

reduce the incidence of solar radiation in urban 

spaces [6]. Kang et al. found that trees 

significantly improved pedestrian comfort in 

relation to wind, even in regions with high 

buildings, where comfort decreased 

quantitatively [7]. 

 

This issue has been studied from 

different perspectives and methods of study. 

From the increase and impact of public green 

spaces as part of the global interest in sustainable 

urban development [6–8]; or the relationship 

between urban sprawl [9,10] and environmental 

change [11].  

 

Among other proposals focused on 

improving or preserving the environmental 

quality of urban spaces for the benefit of users. 

One of the main characteristics of the case study 

was the large number of users due to the constant 

occupation of tourist cities such as Guanajuato. 

According to the Ministry of Tourism in Mexico, 

a 56.47% occupancy rate was observed 

nationally in 2019. While in Guanajuato, it was 

38.84% for the same year, with more than 5 

million tourists [12]. 

 

In contrast to public urban spaces in 

cities with minor restrictions, sustainable urban 

strategies in world heritage cities with high 

tourist occupancy rates throughout the year, 

require a strategic analysis to reduce the possible 

uncertainties according to the climate in which 

they operate. For the intrinsic historical and 

cultural value, and to ensure the preservation and 

revitalisation of public urban space in terms of 

pedestrian mobility directly related to central 

areas. To address this issue from the perspective 

of revitalisation, a concept commonly used in 

projects that seek to repopulate central areas, 

especially those with important historical 

heritage [13], a preliminary study to promote 

sustainable mobility as a key planning 

instrument was determined to be conducted, 

especially in tourist cities, due to its economic 

and social impact [14]. 

 

Therefore, a sustainable urban 

revitalisation study was conducted as a strategy 

for thermal improvement and reduction of solar 

gains during the summer period (season of 

greatest discomfort due to solar radiation). To 

increase pedestrian use in a central street with a 

temperate sub-humid climate; such as the city of 

Guanajuato, providing users with a more 

thermally convenient space to promote 

pedestrian and sustainable mobility, in hours 

with greater period of occupation and vehicular 

traffic. 

 

Climatic conditions are a key element in 

the proposal for sustainable urban revitalisation 

due to the variations that a temperate climate 

presents throughout the year and do not 

correspond to extreme climates, where the need 

for cooling or heating is more punctual 

according to each season. The variations of 

temperate climates, which are not extreme, 

represent a challenge for sustainable 

revitalisation in a tourist city such as the one 

determined in this study. 
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Therefore, the objective was to analyse 

the current conditions of the public urban space 

to generate a revitalisation strategy that 

promotes pedestrian traffic for local users and 

tourists in a heritage city with a temperate sub-

humid climate focused on reducing thermal 

discomfort. To achieve this objective, the 

strategy was studied from passive systems that 

meet sustainability parameters, since it 

contemplated the social, ecological and 

economic aspects, generating a viable project for 

the benefit of users and the locality. 

 

The particular characteristics of the 

benchmark case, its materials and construction 

systems, which imply limitations related to its 

preservation, and which were not considered to 

respond to climate-related changes such as those 

occurring today, were considered the first 

limitations for completing this manuscript. The 

scope corresponds to the realisation of a 

revitalisation proposal analysed from a heritage 

urban space, whose findings will be extended 

with field measurements in different seasons, 

and thermal simulations to expand the social 

impact and results in this study. 

 

2. Background 

 

International organisations and communities 

recognise that human interventions impact 

climate, ecosystems and human health [15], and 

proposed the generation of studies that 

contribute to the improvement of the quality of 

the urban environment with passive systems. 

Such is the case of sustainable urban 

revitalisation, defined as actions and processes 

in a city that address interrelated spatial and 

socio-economic problems to reduce 

environmental impact, mitigate environmental 

risk and improve the environmental quality of 

systems, lifestyles with an emphasis on inner 

city areas of older cities [16]. 

 

Awad et al. assessed the importance of 

sustainable urban revitalisation with surveys of 

experts in the field and found that improving 

existing physical conditions is the top priority, 

not only focused on improving transport 

infrastructure, but also more inclusive urban 

infrastructure such as streetscape, open spaces, 

among others [17]. The development of 

sustainable studies that favour mobility and 

encourage intra-urban travel is an objective of 

the Decalogue of tourism competitiveness of 

urban destinations [14]. 

However, the study by Tumini et al. [18] 

in relation to urban spaces with temperate and 

warm climates found that the thermal assessment 

for outdoor spaces in the steady state, is not very 

representative for representing the thermal 

sensation of users. 

 

Heritage cities that are also tourist cities 

have urban spaces that should necessarily be 

accessible to pedestrians. Sara et al. showed the 

role of pedestrians and their behaviour towards 

mobility capacity for a good development of 

public space [19]. 

 

With this background, we addressed the 

strong international need to improve the 

conditions of public urban space to achieve or 

maintain the user’s comfort, under elements of 

sustainability; generating a strategy of urban 

revitalisation in a tourist heritage city with high 

occupancy rates throughout the year to promote 

pedestrian mobility; and thus, propose 

sustainable solutions. 

 

The main innovation of this study 

consisted in making a proposal focused on 

improving the current conditions of a public 

urban space in a world heritage city with high 

levels of tourist occupation in a sub-humid 

temperate climate, and with the potential to 

expand to a mixed study and thus replicate in 

other climates and increase the social impact. 

 

3. Methodology 

 

To achieve the objectives of this preliminary 

study, an exploratory longitudinal method was 

used [20]. As it is one of the first approaches to 

the proposed phenomenon from a sustainability 

and pedestrian mobility perspective, which 

consisted of pedestrian routes through the study 

area in different climatic seasons during 2021. 

 

To empirically observe occupancy levels 

and the feasibility of a sustainable urban 

revitalisation strategy. With this preliminary 

data, the benchmark case and its main 

characteristics were defined. Due to the 

topography of the locality, the study transect was 

divided into sections, to analyse the shadows 

produced throughout the year and finally 

determine passive strategies with potential for 

thermal improvement and increase of 

habitability conditions, prioritising sustainable 

pedestrian mobility in a world heritage city with 

a sub-humid temperate climate. 
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3.1 Benchmark case 

 

The benchmark case corresponds to Del Padre 

Belaunzarán street in Guanajuato city, Mexico; 

inaugurated in 1951 (see commemorative plaque 

in Figure 1). And one of the most important 

cities during the viceroyalty for its production of 

gold and silver in the 18th century [21]. The 

Guanajuato River used to flow through this 

street, which was redirected with an 

underground pipe that is located underneath it. 

During the second half of the 19th century and 

the first third of the 20th century, most of the 

infrastructure, housing construction and 

equipment works were carried out in Guanajuato 

city [22]. This street connects the west with the 

city centre. 

 

Walking along this transect, part of the 

oldest houses that discharged their sewage into 

the Guanajuato River can be appreciate. Unique 

features that generate expectations among the 

millions of national and international tourists 

that have been visiting this world heritage city 

since 1988 [21]. 

 

 
 

Figure 1 Commemorative plaque on Del Padre 

Belaunzarán Street 

 

 

 

 

 

The determined street was chosen as a 

benchmark case because it is one of the most 

heavily trafficked by cars (between 10 and 12 

cars per minute on slower days), due to the 

thermal stress that reduces its pedestrian use 

during most of the day, even with pavements of 

2 and even 3 metres at some points. Between 

Figure 2a (taken in 1955) and 2b (from 2021), 

some variations are observed, such as the 

incorporation of electric power and the increase 

of buildings in the background. 

 

 
 
Figure 2 Del Padre Belaunzarán Street 

Source: a) [23], b) (Martínez, 2021) 

 

Figure 2 shows in one section, the 

organic form of the selected street; the height of 

the adjacent buildings and a comparison at two 

points in history, the first in 1955 and the second 

in 2021. This figure also demonstrates a minimal 

variation of the public urban space with a 

difference of 66 years. 

 

According to the climatic normal of the 

National Meteorological System [24], and to the 

climatic characterisation developed by Gómez-

Azpeitia [25]; The climatological data for 

Guanajuato city correspond to a sub-humid 

temperate climate. With two seasons, a warmer 

one (Season A) from April to September, with 

an average temperature of 20.6 °C and, a season 

with temperate characteristics (Season B) in 

January, February, March, October, November 

and December with an average temperature of 17 

°C. In Season A, a higher heat stress is present. 

An average horizontal s/p radiation level on a 

typical cloudy day of 8469 W/m² was observed, 

while in Season B this value decreased to 6402 

W/m², so it was determined to focus the urban 

revitalisation on Season A, which corresponds to 

the period with the highest sunshine. 
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As it was planned in another era, the 

construction of this street did not contemplate a 

thermal study or the need for sustainable 

strategies to promote urban and tourist mobility 

developed over the last few decades. Therefore, 

the analysis carried out could benefit other case 

studies with particular characteristics such as 

those presented in this research using the 

methods presented below. 

 

3.2 Methods 

 

To analyse the given street, pedestrian walks 

were carried out periodically during one year; 

and it was decided to divide the transect into four 

sections (S1 to S4) indicated in Figure 3. Where 

the organic form of this street and the point of 

connection with the central area of this locality 

were also observed to propose the methodology 

in the following sections. 

 

 
 
Figure 3 The transect of Del Padre Belaunzarán Street. 

Own elaboration with data from [26]. 

 

The shape of the transect itself, with 

different orientations, implied differences in heat 

transfer along this street, so the proposed 

sections allowed the analysis of shadows at 

different points. 

 

With the route divided into sections for 

the pedestrian route to the city centre, a shadow 

study was generated for each section (S1 to S4) 

in Sketchup® from the urban layout (Figure 4). 

This study was analysed for one year. 

 

Guanajuato (benchmark case) has an old 

urban layout, which in some places has narrow 

streets with variable dimensions, as well as 

organic shapes with different levels of sunlight. 

The development of the buildings along the 

route analysed is of double height, generating 

conditions that affect the projection of shadows. 

 

 

 
 
Figure 4 Digital model drawn for the benchmark case 

Own elaboration with information from [26] 

 

The digital model made it possible to 

analyse the shadows cast at different times of the 

day and at different times of the year, to generate 

more effective decisions for the benefit of 

pedestrian use. 

 

To determine the months of analysis, 

pedestrian walks were conducted during 2021, in 

the two seasons described in the previous 

section, which included the months with the 

highest and lowest sunshine. With this 

information, March, June and September were 

defined as representative months. To propose the 

sustainable urban strategy, each month was 

analysed at midday to visualise the results of the 

shadows at the zenith at 87 degrees in the 

selected location. 

 

Finally, it was reviewed the passive 

strategies with the greatest potential for 

preserving the World Heritage status of the study 

site; with the least possible intervention, while 

influencing the public urban space by reducing 

the thermal discomfort caused by solar 

incidence, to promote pedestrian mobility in a 

tourist city with a sub-humid temperate climate. 

 

4. Results 

 

In this section, the results were analysed 

according to the layout of the four sections 

described above. The route started from east to 

west, and the heights of the buildings flanking 

the street were considered. The proposed 

division into sections corresponds to the organic 

shape of the street with several curves, which 

influenced the projection of shadows in different 

parts of the street. The results correspond to the 

representative months, March, June and 

September in each section. It was decided to 

present the results at 12:00 pm. 
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Figure 5 shows the results in S1. In this 

section, a minimal variation in the shadow 

projection was observed during the study 

months, which corresponds to the topography 

and height of the adjacent buildings. This 

expected result increases the need for passive 

strategies to reduce thermal stress. There were 

no significant variations. 

 

 
 

Figure 5. Section 1 (S1), shadow projection in a) March, 

b) June, c) September 

 

However, S2 in Figure 6 showed a 

difference in shadows for each month analysed, 

in which a level of shadow covering the entire 

pavement and part of the stream is observed for 

March; which decreases as the month goes by, 

and where greater sunlight is observed on the 

north-facing pavement in the three 

representative months. Here, the organic form of 

the street analysed presents the advantage of a 

higher level of shadows, and an area of 

opportunity on the north side of this section to 

encourage pedestrian use. 

 

 
 
Figure 6. Section 2 (S2), the shadow projection in a) 

March, b) June, c) September 

 

Figure 7 shows S3 of the most open 

street, which results in more direct solar 

incidence during the representative months. The 

open public spaces, strategically present an area 

of opportunity to implement passive systems to 

promote pedestrian mobility. 

 

 
 
Figure 7 Section 3 (S3), the shadow projection in (a) 

March, (b) June and (c) September 

 

Finally, section four (S4) depicted in 

Figure 8 shows the results for the section of the 

street that connects to the historic centre. In this 

part, the shadows cast vary and in some parts, 

they are cast onto both pavements of the street.  

In this section, the need for passive 

systems to increase pedestrian use decreased. 

 

 
 
Figure 8 Section 4 (S4), shadow projection in (a) March, 

(b) June and (c) September 

 

The shadow analysis showed a diversity 

of projections according to each section of Del 

Padre Belaunzarán Street, and the sections 

where the decrease in shadows is accentuated 

(see Figure 9). To promote and increase 

pedestrian mobility at this point of connection 

with the downtown area of the city, passive 

thermal conditioning is proposed. Based on 

natural elements, in this case deciduous trees to 

filter solar radiation, functioning as a thermal 

cushion and thus revitalising and contributing to 

the reduction of the solar incidence that occurs 

in some parts of the street analysed. 

 

 
 
Figure 9 Current state of Belaunzarán Street (Section 1) 

 

One of the main characteristics of 

deciduous trees is that their leaves fall during the 

coldest season, which would provide more 

sunlight in winter, benefiting solar gains during 

this season. In summer, the leaves produce a 

solid shade, providing a reduction in heat stress 

due to solar radiation. 

 

Figure 10 shows the revitalisation 

proposal to promote sustainable pedestrian 

mobility with vegetation placed every 2 m; 

which strategically contributes to the thermal 

improvement of the public space in accordance 

with the organic form of the street analysed. To 

conserve the materials of the street and reduce 

the impact of intervention in the locality, and as 

a rooting control strategy. 
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 It was proposed to incorporate 

vegetation in pots, which also influence the 

growth of the trees, allowing a maximum height 

of between 3 and 4m. Unlike evergreen trees, 

deciduous trees have lower maintenance costs 

for their leaves and roots, as well as higher 

respiratory efficiency due to the action of 

alternative oxidase and lower energy loss during 

periods of leaf fall and leaf renewal. The 

incorporation of vegetation and its irrigation 

would also increase relative humidity levels in 

the proposed sub-humid temperate climate, 

while improving the thermal sensation in the 

urban public space. 

 

 
 
Figure 10 Proposal for sustainable urban revitalisation of 

public spaces in S3 

 

Stache et al. demonstrated that 

vegetation such as moss converted 50% of 

radiative energy into convective heat, 

demonstrating that the strategic use of urban 

vegetation is an effective measure to increase 

climate resilience [27]. Marchionni et al. 

stressed the need for a sustainable balance 

between increasing urban ecology and water 

conservation with tree cover [28]. 

 

 
 

Figure 11 Proposed equidistant spacing between 

deciduous vegetation 

 

In this study, the level of sunlight and 

shadows cast throughout the year were first 

investigated to determine a sustainable passive 

strategy to revitalise a street with the potential to 

increase pedestrian use; which is also a 

connection point to the downtown area in a 

heritage city with high tourism indices (see 

Figure 11). This qualitative analysis sought to 

significantly reduce the levels of uncertainty and 

increase the social impact on subsequent stages 

of this research. 

 

Sources of funding 

 

This research had no sources of funding 

 

Conclusions 
 

A sustainable urban revitalisation strategy was 

developed for a world heritage city with a sub-

humid temperate climate. To make the 

recommendations, the shadows in Del Padre 

Belaunzarán Street, in Guanajuato, divided into 

4 sections according to the organic form of the 

urban layout, were evaluated. This street 

connects the eastern zone with the central zone 

of this tourist city. As part of the results, strategic 

zones were determined for the revitalisation 

project, which consisted of using vegetation with 

a favourable thermal impact for the users. 

 

It was determined to use deciduous trees 

that keep their leaves in summer and during the 

winter, as part of the energy saving and balance 

cycle; lose their leaves, which allows a level of 

sunlight appropriate to the needs of public space 

to promote pedestrian mobility and sustainable 

development. The findings shown in this study 

provide knowledge about revitalisation 

proposals in heritage cities considering the 

climatic characteristics and sustainable mobility 

needs that prevail globally. It also provides a 

solution to the needs of sustainable urban and 

public projects in heritage cities that were not 

designed according to the parameters of 

sustainability that have taken off in recent 

decades. 

 

As a next stage of this exploratory 

longitudinal study, the outdoor dry bulb 

temperature and relative humidity will be 

determined by monitoring on different days of 

the months analysed in this study, with intervals 

of every 10 min, to analyse the outdoor 

environmental quality of public urban spaces 

using a numerical method.  
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With these data, the revitalisation 

strategy in sub-humid temperate climate will be 

numerically validated; and as a next step, the 

increase in the social impact on other climates 

and other public spaces will be proposed. As an 

area of opportunity, a mixed study is 

recommended that also includes on-site 

measurements and recommendations in the 

cultural and educational sectors, as well as a 

study of uncertainties for open spaces according 

to the age range of the users and the endemic 

species that develop by climatic zones. 
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Abstract  

 

In the present investigation, it was possible, through the 

description of activities, to implement a distribution center 

that helped optimize the purchase of indirect materials 

from a store dedicated to the sale of consumer goods in the 

Municipality of Toluca, State of Mexico. A quantitative 

approach with transectional design was used. To achieve 

this, "the procedure for the purchase of indirect materials" 

was defined as the dependent variable and the "distribution 

center" acts as the independent variable. From this, the 

variables were operationalized in 14 dimensions that were 

evaluated through a 22-item questionnaire. The 

participating population was 80 employees who work in 

the company (object of study). The results showed that 

there were major gaps in the indirect materials purchasing 

process stemming from a poor warehouse system. For this 

reason, measures were implemented to create the 

distribution center, based on historical information and a 

general inventory survey. From this information it was 

possible to project annual sales; It was even possible to 

negotiate prices with suppliers, which resulted in savings 

of 15% in the amount of annual purchases. 

 

 

 

 

Distribution, Optimization, Indirect materials 
 

Resumen 

 

En la presente investigación se logró, mediante la 

descripción de actividades, implementar un centro de 

distribución que ayudó a optimizar la compra de 

materiales indirectos de una tienda dedicada a la venta de 

bienes de consumo en el Municipio de Toluca, Estado de 

México. Se utilizó un enfoque cuantitativo con diseño 

transeccional. Para lograr esto se definió “el 

procedimiento de compra de materiales indirectos” como 

variable dependiente y el “centro de distribución” funge 

como variable independiente. A partir de eso, se 

operacionalizaron las variables en 14 dimensiones que 

fueron evaluadas por medio de un cuestionario de 22 

reactivos. La población participante fue de 80 empleados 

que laboran en la empresa (objeto de estudio). Los 

resultados mostraron que existían grandes carencias en el 

proceso de compras de materiales indirectos que surgían 

de un sistema deficiente del almacén. Por ese motivo se 

implementaron medidas para crear el centro de 

distribución, basándonos en información histórica y un 

levantamiento general de existencias. A partir de esa 

información fue posible proyectar las ventas anuales; 

incluso se logró negociar precios con proveedores, lo cual 

repercutió en un ahorro de 15% en el monto de compras 

anuales. 
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Introduction 

 

In this research article, the creation of a 

distribution centre (CEDIS) to optimise the 

purchase of indirect materials of a shop 

dedicated to the sale of consumer goods in the 

Municipality of Toluca, State of Mexico, will be 

presented. 

 

In the reference framework, the 

theoretical foundations of the administrative 

process and its organisation are addressed. 

Likewise, a distinction is made between the 

different types of companies and how to 

optimally deal with the resources that make up 

the company: material (direct and indirect), 

human, financial and technical. It also describes 

the principles of distribution control and the 

concepts of supply chain, value, distribution and 

logistics. 

 

Subsequently, the problems detected are 

described and the method used to develop this 

work is explained, for which the methodological 

elements implemented are cited and referenced. 

The hypothesis and variables that guided the 

collection of data to relate "the purchase of 

indirect materials" (dependent variable) with 

"the distribution centre" (independent variable) 

are presented.  

 

In the same way, the results obtained 

from applying the data collection instrument are 

presented in order to take the pertinent measures 

for the creation of the CEDIS. Highlighting the 

materials that were identified in the warehouse 

and assigning them their respective keys. Also, a 

projection was made based on historical data in 

order to have a basis for making purchasing 

decisions in the future. 

 

Finally, the crucial points that were 

achieved in developing the proposal are 

highlighted. It highlights the fact that, with the 

implementation of the CEDIS, significant 

financial savings were achieved in the 

purchasing area. Thus, in the conclusion section, 

the benefits obtained by the company are 

emphasised and some recommendations are 

proposed to maintain a successful business 

management. 

 

 

 

 

 

 

Frame of Reference 

 

When thinking about the creation of a new 

organisation, it is important to take into account 

the steps of the administrative process (AP), 

which is defined as a series of phases or stages 

through which administrative practice is carried 

out. 

 

According to Chiavenato (2007), some 

characteristics of the AP are: a) the 

administrative process is made up of a set of 

steps in a cyclical manner. b) it is carried out 

through planning and control. c) its objective is 

to systematise knowledge and generate a 

structure of efficiency. d) it stimulates 

innovation and progress. e) it fosters the 

development of a managerial and 

entrepreneurial philosophy and culture. 

 

Management is a practice that constitutes 

itself from the initiative to undertake actions to 

remedy problems and satisfy needs to strengthen 

the control of the organisation's resources, which 

is governed by various functions and rules in its 

operations, organisations can be profit and non-

profit. 

 

The importance that organisations have 

is that they are continuous in nature, this refers 

to the fact that the company and its resources are 

subject to constant changes such as: expansion, 

contraction, new products, among other aspects; 

it is also a means through which the best way to 

achieve the objectives of the social group is 

established, carrying out methods to perform 

activities efficiently with a minimum of effort, 

reducing costs and increasing productivity in 

order to reduce duplication of efforts by 

delimiting roles and responsibilities (Delgado, 

2017). 

 

On the other hand, the enterprise is the 

unit of production of goods and services in 

which capital, labour and the capacity of 

managers are coordinated to achieve certain 

economic or social results that respond to the 

requirements of the human environment in 

which the enterprise acts (Münch, 2008).  

 

According to the above definition, the 

company has two objectives: the production of 

goods or services to satisfy social needs and the 

production of capital through the movement, 

sale and distribution of these. 
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With the above definitions it is possible 

to establish the difference between organisation 

and company, the former refers to the set of 

actions that are undertaken to achieve an 

objective, while the company focuses on the 

lines of action and organisation that are 

undertaken for the creation of goods and 

services, as well as the distribution of the sales 

process, thus satisfying the social needs of a 

context in a specific way. Companies are 

classified on the basis of three criteria: according 

to their activity or line of business, according to 

their origin of capital and according to their size.  

By their activity or line of business they can be 

industrial, commercial and service, according to 

their origin of capital they are classified into: 

public and private and by the size of the 

company they are classified into large, medium 

or small companies (Albisetti, 2018). 

 

Strategies for locating distribution 

centres are: close to the sales market, close to 

production and intermediate location between 

the market and the company. The structure and 

location of these warehouses must be taken into 

account as their impact is significant on the costs 

they serve when delivering goods to the 

customer and, therefore, on the final price of the 

product sold (Ballow, 2004). 

 

The best retail distribution centres are 

those that provide high quality services to 

consumers and at minimal cost, sometimes retail 

chains or some large chain shops dispense with 

distribution centres and rely on supplies directly 

from distributors, but in the event of a disruption 

in the supply of products the normal operation of 

the business is compromised, however when 

these systems are implemented the control of 

suppliers is more efficient and the correct 

delivery of products to the shop shelves is 

ensured. In addition, a great advantage of 

distribution centres is that contracts for receiving 

products can be concluded directly with the 

manufacturer without the involvement of 

intermediaries; this will allow you to avoid 

additional overpayment charges and also 

provide the opportunity to receive large 

wholesale discounts. 

 

Distribution centres benefit not only 

large manufacturers but also start-up companies, 

such complexes consist of many structural parts 

such as: international certification and 

laboratory control areas, storage rooms 

including freezers. 

 

The aspects taken into account in a 

distribution centre include: indirect materials, 

direct materials, human resources, financial 

resources, technical resources, warehousing, 

purchasing, distribution, quality control, supply 

chain, value chain, distribution channels and 

logistics. These are described below: 

 

On the other hand, indirect materials are 

those used in the production process, but which 

cannot be linked to a specific product or job and 

some of them are: fuel, energy, tools, dies, 

moulds, spare parts, maintenance materials, 

gloves, glasses, footwear, safety clothing and 

equipment, catalysts, solvents. It is important to 

allocate a space for these materials in the 

accounting records in order to have control over 

them. 

 

 (Aladi, 2013). It mentions that it is 

difficult to keep an exact record of the costs 

represented by these types of materials, 

however, they must be present since each 

organisation needs them according to its needs. 

 

Some of the characteristics of indirect 

materials are the following: they are small 

materials that are purchased in large quantities, 

they do not add much value to the product being 

produced (which is why they are not charged to 

expenses such as factory supplies or shop 

materials), they are not easily identified, they are 

not tracked through a formal inventory record 

keeping system. 

 

Colmenares L. (2016). In his article 

"Materials control as a cost management tool in 

manufacturing companies". Mentions the 

control of materials as the set of activities 

designed, planned and executed by the company, 

whose objective is to serve as a basis for the 

decision-making process, in order to provide it 

with objectives on the requirements, acquisitions 

and use of raw materials within it.  

 

In the development of the study, the 

control of materials was taken into account, 

classifying them, accounting for them and taking 

into account the principles that govern their 

control. In the case of indirect materials, the 

supplies necessary for manufacturing and which 

in some way make up the final product are 

included, a situation which makes the control of 

the company favourable for the development of 

cost management. 
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 As it can design action plans and control 

tools that allow them to optimise their use and 

reduce the indiscriminate application of 

unnecessary materials that would increase the 

manufacturing cost of a certain article or 

product. Direct Materials, also called raw 

materials, are those used for the manufacture of 

a product and which have traceability 

(production, processing and distribution), they 

represent the basic elements for the development 

of the company's production process.  

 

They are identified, measured and 

quantified with relative ease, are the last step of 

a finished product, are charged to the production 

budget and are sought to be of the highest quality 

(Romero, 2016). 

 

To carry out the production budget, the 

estimated quantities of direct materials to be 

purchased must be determined, then multiplying 

these quantities by the expected unit purchase 

price, determine the total cost of direct materials 

to be purchased. 

 

Human Resources, on the other hand, is 

the department in charge of personnel 

management and administration, whose 

objective is personnel training. It focuses on 

ensuring that workers perform their duties in line 

with the company, matching the objectives and 

aspirations of professionals with the company's 

strategy (García, 2006).  

 

Financial resources refer to the money 

that is available to be spent in cash, credit and 

liquid securities at any given time. From an 

economic perspective, these resources are part of 

the assets or properties of a company, it refers to 

the money that a business has available to spend 

and these resources can be funds that require 

three general resources: share capital or 

accounting capital, capital markets and financial 

institutions.  

 

Without the material resource, the 

development of activities is not viable either, 

since there would not be the capital to meet the 

needs of the organisation, even when the capital 

already exists and is operating as in the case of 

organisations, the company runs the risk of 

going bankrupt, disappearing on many occasions 

as a result of this situation of bankruptcy.   

 

 

 

 

Technical resources, also known as 

technological resources, are used as instruments 

and auxiliary tools to coordinate the other 

resources of an organisation, such as sales 

systems, production systems, administrative 

systems, among others; as well as for patents, 

formulas, machines, energy, information, tools, 

people (which is the most important technical 

resource, as they are the ones who manufacture 

a product, produce information, operate 

machines, sell products, among many other 

activities). And their characteristics are: tangible 

and intangible. The tangible ones refer to the use 

of machines, computers and printers and the 

intangible ones to the application of systems and 

virtual ones; among other of their characteristics 

are that they improve human work, have an 

impact on production, cost savings and to be able 

to manage them, training is needed to be able to 

make the most of them.  

 

As we know, technology changes very 

quickly, due to the fact that people search, design 

and implement new ideas. Technical resources 

make the process of creating something more 

effective and efficient, as well as help to increase 

productivity in organisations.  

 

Storage consists of the temporary 

handling of inputs or goods, keeping them under 

control in a certain space to avoid their 

deterioration and reduce waste. Storage needs 

will depend on the line of business and resources 

of the company, but in general they can be 

satisfied by the different types of warehouses in 

logistics, such as: general, specialised, customs, 

CEDIS distribution centres. These are described 

below: general warehouses are those that cover 

the storage of any type of merchandise that is not 

under a storage regulation, specialised 

warehouses have sanitary registration (for 

perishable products), or permission to handle 

dangerous goods (flammable, corrosive or toxic 

products), bonded warehouses are those 

warehouses authorised by the customs 

authorities to store import operations and 

distribution centres handle large quantities of 

inventory in high rotation, for a short period of 

time and mostly from resellers or retailers. 

 

The warehousing process according to 

Ortega. (2013) in his article on "Business 

logistics in the optimisation of marketing 

processes", includes the following aspects: 

reception of products, storage, conservation and 

maintenance, inventory management and 

transport.  
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In the reception of products, the state of 

the incoming products is checked and recorded, 

as well as the quantity, quality, among some 

characteristics, this according to the customer's 

requirements, storage consists of storing the 

products in such a way that their access is easy, 

for conservation and maintenance the products 

must be kept in perfect condition during their 

storage, Inventory management consists of 

keeping a record of the goods to keep the 

customer informed about their products and the 

quantity they have of them, and transport is 

carried out once the product order is placed, 

packed and sent to its destination according to its 

characteristics. 

 

The purchasing area is always present 

when it comes to logistics and CEDIS, and 

therefore corresponds to both the administrative 

and accounting areas. In the purchasing process, 

the following steps will be followed: requisition, 

quotation, purchase order, receipt of materials, 

quality control, rejections and/or returns and 

payment. 

 

(Jurado, 2015). He mentions that 

purchasing means acquiring and is of utmost 

importance for organisations as it refers to the 

constant acquisition of raw materials and various 

items that allow them to sustain their operations 

properly and must be reflected in numbers, i.e. it 

generates costs, by generating costs, competitors 

seek to make purchases that allow them to 

generate higher profits on the price of their 

products, acquire their goods at competitive 

prices and seek that the rest of the production 

processes can have a low cost and quality, so that 

in this way they can continue to compete in the 

market; to achieve the above, it is necessary to 

describe the objectives that must be maintained 

in the purchases and these are: to continue with 

the continuity of supply, to do so with the 

minimum investment in stock, to avoid 

duplication, waste and unusability of materials 

or products, to maintain quality levels, to acquire 

materials or products at the lowest possible price 

that are compatible with the required quality and 

service, to maintain the company's competitive 

position and to maintain the level of its profits in 

terms of material costs. (Montoya, 2014). 

 

Distribution is one of the elements that 

correspond to the topic under study and 

symbolises a way of attracting capital by 

offering customers home delivery of products, 

however. 

This distribution is not only limited to the 

attention of external customers but also to 

internal aspects, i.e. companies that need to 

efficiently place their goods within their own 

shops to contribute to the constant creation of 

product as is the case of industries. 

 

Their function begins with the receipt of 

an order, fulfilling specific customer orders, and 

ends when the order is delivered and cashed. 

Companies can also use three types of supply 

chains: direct chain, short chain and long chain. 

The direct chain is the distribution without 

intermediaries of the products from the 

manufacturer's warehouses to the consumer's 

place, the short chain is when the products go 

from the factory to the hands of an intermediary 

who is in charge of marketing it to the consumer, 

such as most retail shops, and the long chain is 

when several intermediaries such as wholesalers 

or distributors may be involved. 

 

On the other hand, there are four 

distribution models where, depending on factors 

such as geographical location, technical 

requirements or urgency of supply, companies 

adopt an infrastructure and one or more defined 

strategies to get their products to market, these 

models are centralised, decentralised, cross-

docking and consolidation platforms. The 

centralised model is when products are 

distributed from a regulatory warehouse to 

branches that are responsible for distribution in 

a specific area, and is the one most used by 

manufacturers, but also the one that involves 

higher infrastructure costs.  

 

In the decentralised model, the company 

plans its own routes and distribution vehicles, 

requiring more navigation technologies and 

optimised routes such as roads or motorways. 

Cross-docking, where branch offices are 

replaced by sites for receiving and forwarding 

goods from the manufacturer to the distributor 

on loading/unloading platforms (cross-docking). 

They avoid the warehousing requirement and 

speed up the flow to the point of sale. And 

consolidation platforms are used by distribution 

centres (CEDIS) or logistics service providers 

with their own warehouses that distribute 

products from different manufacturers.  

 

Torres (2019), in his thesis work 

"Proposal for the improvement of the internal 

storage and distribution system (Lay-out) of the 

warehouses of a company dedicated to the sale 

of plastic products).  
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He mentions that, to carry out the 

improvement of storage and internal 

distribution, it is important to diagnose the main 

causes and symptoms that plague the warehouse 

of the company through the application of 

techniques, methodologies and existing tools 

within the field of industrial engineering to 

develop a storage that is effective. The result is 

to have order in the warehouse to locate the 

products by applying logistic concepts to 

achieve the distribution of products, redesigning 

the optimal place and having the necessary tools. 

 

On the other hand, Alvarado and García 

(2016). In their thesis work "Comprehensive 

logistics scheme for distribution centre 

operations in retail companies (Retail)". They 

mention the importance of a logistics scheme in 

distribution centres to improve internal 

processes by achieving integration and 

synchronisation of all operational areas, taking 

into account the following approaches to 

warehousing: the economic approach that aims 

to improve the prices of their products, the 

technical approach is in charge of reducing idle 

times, eliminating idleness of workers and 

increasing their productivity, the social approach 

refers to their efforts to reduce costs in their 

supply chain in order to offer better prices since 

consumers will have the opportunity to acquire 

more and better products with more favourable 

prices for their personal economy and the 

ecological approach is not only necessary but 

also an obligation for all companies since they 

must include strategies that open up the 

development of an ecological culture, in which 

everyone contributes to environmentally 

friendly operations and actions. In this research 

the focus is on the cedis, which are a logistical 

infrastructure in which products are stored and 

scheduled for distribution, being the object of 

study of this project in the retail sales sector. 

 

The optimisation of distribution is an 

element that must be constantly considered, 

since the more efficient the distribution system 

is, the higher the profit margins the company can 

obtain, as well as other benefits such as customer 

loyalty when they see the efficiency and 

effectiveness of the service. 

 

Quality control, an important part of the 

production chain, which must be understood 

from the appropriate characteristics and 

conditions that a product, whether it is a good or 

a service, must meet.  

In order to achieve a reliable quality 

control it is necessary to make use of statistical 

elements that help to know the reality of the 

product from an objective perspective, this fact 

also contributes to decision-making when it 

comes to intervene to improve the prevailing 

situation. 

 

(Suárez, 2016). Quality control is the set 

of techniques and procedures used by the 

management to obtain a product with the desired 

quality, in turn it is an investment that must 

produce adequate returns and in which all 

members of a company must be involved.  

 

The objective of quality control, 

according to the above definition, is to optimise 

costs and increase profits. In this sense, the 

quality control techniques employed are directed 

at the product, but their impact must be reflected 

in the sales revenue. 

 

A fundamental element of the 

philosophy of modern quality control is the 

widespread use of scientific procedures 

including statistical methods, planning, data 

collection and data analysis so that decisions are 

not based on mere conjecture (Chiavenato, op. 

cit.). 

 

Quality control has been established as 

one of the vital processes in any productive 

process, it must guarantee the adequate 

execution of the processes, notifying that the 

production complies with what was planned. 

This type of control is essential due to the 

characteristics of the current market, especially 

in terms of competition, so much so that large 

organisations have experts, machinery and 

computer systems to validate what is produced 

in their factories (García, op. cit.). 

 

The quality of the products is what 

establishes the difference between being 

competitive in the current market or staying out 

of it, to achieve a high degree of market 

dominance is necessary to follow some 

important criteria in the assessment that 

companies make of the products how: quality of 

design and matching quality; the quality of 

design is the inherent value that the product has 

in the market how performance, features, 

reliability, service, among others and the quality 

of matching is the degree to which the product or 

service agrees with the design specifications 

(Carro and Gonzalez, 2017). 
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It is important to implement 

methodological criteria in organisations where 

quality control is taken into account in order not 

to run the risk of providing poor quality services 

or goods that do not meet the needs of consumers 

and that may have an impact on the reputation of 

a business.  

 

On the other hand, the supply chain, in 

distribution centres, functions as an 

intermediary, providing flexibility to the 

company and giving it the capacity to respond to 

the needs of companies with very short lead 

times in their orders and in the marketing of their 

products. 

 

Currently, the fundamental strategy to be 

fulfilled in an efficient and competitive supply 

chain is collaboration between links through the 

exchange of operational information in real time 

on production plans, operational costs and 

inventory levels (Carreón, 2014). 

 

(Vilana, 2014), argues that the supply 

chain encompasses all activities associated with 

the flow of transformation of goods and 

associated information from the raw materials 

stage to the end user being essentially the set of 

connected suppliers and customers where each 

customer is in turn a supplier to the next 

organisation until the finished product reaches 

the end user. 

 

The value chain of an organisation is 

achieved by realising and dividing the most 

relevant strategic activities in order to 

understand how costs, current sources and where 

differentiation lies. 

 

(Garcia, op. cit.).  He argues that the 

origin of this concept arises in 1985 when 

Professor Michael Porter of Harvard University 

introduced the analysis of the value chain in his 

book entitled "Competitive Advantage", where 

he carried out an internal analysis of a company 

through its disaggregation into its main value-

generating activities. 

 

In this sense, the value chain is 

understood as the sum of the elements that make 

up the company and that add value to it, through 

the performance of its assigned activities or 

functions, and its purpose is to be carried out 

within a value system, which is made up of: the 

value chain of suppliers, the value chain of other 

business units, the value chain of distribution 

channels and the value chain of customers. 

The identification of the links that 

contribute value to the entire chain is an activity 

that makes it possible to locate in detail the 

characteristics that constitute each of these, in 

order to be able to intervene in the value chain in 

the following links: links with suppliers, links 

with customers, process links within the value 

chain of a business unit and links through the 

value chain of the business units within the 

company. 

 

The set of areas previously exposed leads 

to the conformation of the value system, the 

intervention in each one of them entails the 

search for a balance in which it is possible to 

sustain adequate relationships, thus contributing 

to the achievement of the business objectives. 

 

Distribution channels are the means used 

by any company to get its products to the final 

consumer. Their functions are the following: to 

transport, organise supply, stock products, 

contact the target public, inform about the 

market, simplify exchanges, offer a variety of 

products, participate in marketing activities, 

finance the commercial process, generate 

consumer satisfaction, counteract risks and 

standardise commercial transactions (Kotler, 

2008). 

 

The importance of a distribution channel 

lies mainly in the fact that there are graphical or 

locational and chronological separations. 

Therefore, there is a need for warehousing, 

transport and sales of the goods from the 

producer to the final customer through 

wholesalers and retailers. Wholesalers 

intermediate between the manufacturer and 

retailers are involved in the purchase and sale of 

products and services in large quantities that will 

be sold either to other wholesalers, 

manufacturers or mainly to retailers. 

 

Retailers link the supply of wholesalers 

and manufacturers with the final consumer of the 

products and, like the wholesaler, perform 

functions that justify their existence, such as 

bundling products in different ways for the final 

consumer, granting credit and payment facilities. 

 

The last aspect that was taken into 

account for this research work is logistics, which 

is an approach that allows the management of an 

organisation based on the study of the flow of 

material, information flow and financial flow, 

associating from suppliers to customers, with the 

aim of delivering the product at the right time. 
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 In the desired quantity, in the required 

conditions, all this at the lowest possible cost. 

The route that a product takes starts at the 

production centre, from there it is transferred by 

different means of transport to other 

intermediary centres where it is stored until it is 

delivered to the point of sale, to finally be sold 

to the consumer. Another concept, according to 

the Logistics Management Council (LMC), is 

defined as the process of planning, 

implementing and controlling the efficient and 

cost-effective flow of goods and storage of raw 

materials, in-process inventories and finished 

goods from the point of origin to the point of 

consumption to meet customer needs. 

 

Among the objectives of logistics are: to 

increase competitive advantage, retaining 

customers and increasing the economic benefits 

of the company, through the interaction of the 

fundamental activities; to reduce operating costs 

in the tasks of handling and transporting goods, 

minimising travel distances; to provide the 

products or materials required by customers in 

an efficient and timely manner. 

 

Problem statement 

 

The object of study of this research was a 

company dedicated to the sale of consumer 

goods located in the municipality of Toluca, 

State of Mexico, whose problems were the long 

delivery times of orders, high storage costs, use 

of unnecessary transport, among others.  

Therefore, the main objective of this study is to 

optimise the purchase of indirect materials 

through the efficient storage, control, custody 

and dispatch of inventories, as well as ensuring 

that the goods remain in the warehouse for the 

shortest possible time in order to avoid 

generating costs.  

 

In addition, there were operations that 

generated a deficient administration of the 

financial resources, which put them at risk, so 

the interest is to safeguard the integrity of the 

organisation's capital. For the present work, the 

importance of the creation of a distribution 

centre (CEDIS) was considered in order to 

manage the purchase of indirect materials in a 

fast and efficient way; a distribution centre is a 

space for distribution logistics that functions as 

an intermediary within the supply chain, 

streamlining processes and prioritising speed, 

flexibility in service and punctuality in 

deliveries.  

The distribution centre performs the 

following functions: repackaging, packaging, 

customs clearance, cargo certification, 

warehouse inventory, rejects, defects, returns, 

among others. 

 

It is important to mention that, within the 

human resources department of the CEDIS, in 

which this research was carried out, various 

activities are carried out with the intention of 

improving the performance of the workers, as 

well as the various areas by which it is 

conformed, taking as an important point the 

good communication. 

 

Methodology 

 

The method used in this research has a 

quantitative approach with a descriptive type of 

study using the descriptive cross-sectional 

design.  

 

According to Hernández, Fernández and 

Baptista (2010), the type of study is descriptive, 

which seeks to specify the properties, 

characteristics and profiles of individuals, 

groups, communities or any other phenomenon 

under analysis. 

 

In turn, descriptive cross-sectional 

designs aim to investigate the incidence of the 

modalities or levels of one or more variables in 

a population; they are purely descriptive studies. 

The procedure consists of locating one or several 

variables in a group of people, living beings, 

objects, situations, contexts, phenomena, 

communities, etc. and providing their 

description (Hernández, Fernández and Baptista, 

op. cit). 

 

The present research is of a descriptive 

transectional type due to the fact that, through 

the analysis, the description of the activities and 

logistical elements that should constitute the 

distribution centre that helps to optimise the 

purchase of indirect materials of a shop 

dedicated to the sale of consumer goods in the 

Municipality of Toluca, State of Mexico, will be 

carried out. 

 

Research hypothesis (Hi): 

 

With the creation of a CEDIS of indirect 

materials, the purchasing procedures of indirect 

materials of the company dedicated to the sale of 

consumer goods are optimised. 
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Null Hypothesis (Ho): 

 

With the creation of a CEDIS of indirect 

materials it is not possible to optimise the 

purchasing procedures of indirect materials of 

the company engaged in the sale of consumer 

goods. 

 

Variables 

 

According to Hernández, Fernández and 

Baptista (idem) a variable is a property that can 

vary and whose variation can be measured. 

 

Dependent variable 

 

Purchasing procedure of indirect materials, its 

proper functioning is a function of the 

implementation of the CEDIS. 

 

Independent variable 

 

The distribution centre is the independent 

variable because, through its creation, the 

process of purchasing indirect materials may or 

may not be optimised. 

 

Operationalization of variables 

 

The intervening variables that are 

operationalized are mentioned below. 

 

The procurement procedure for indirect 

materials is operationally defined on the basis of 

5 steps: 

 

 Forecasting of material requirements 

 Planning the supply in good time. 

 Procurement of these materials. 

 Ensuring that the ordered products are 

received in the agreed quantity and time 

and that they arrive in perfect condition. 

 Administrative management of the 

supply. 

 

The dimensions of the variables are 

explained in tables 1 and 2. 

 

 

 

 

 

 

 

 

 

Variable: Purchasing procedure for indirect materials 

Conceptualisation: Materials used in the production 

process, but which cannot be linked to a specific 

product or job. 

Dimensions Definition Indicator 

Requisition Document 

generated to notify 

the purchasing 

department of the 

requirements of a 

user department or 

warehouse. 

Purchase 

requisition slips 

Payment A means of 

extinguishing 

obligations 

through the actual 

performance of a 

due performance. 

Goods issue 

control 

Entry A revenue, in 

accounting, is the 

increase in net 

economic income 

from the business 

activity of the 

enterprise or 

economic entity. 

Payment 

vouchers 

Storage  The function of 

managing the 

locations where the 

product has to be 

deposited to ensure 

the continuity of 

the logistics chain. 

Delivery slips  

Inventory The function in 

charge of 

managing the 

locations where the 

product has to be 

deposited in order 

to ensure the 

continuity of the 

logistical chain. 

Goods receipt 

slips 

Outgoing A goods issue is a 

transaction is the 

recording of the 

departure of a 

product from the 

cost centre. 

Warehousing 

procedures  

 
Table 1 Dimension of the variable "Indirect materials 

purchasing procedure" 

Source: Own Elaboration 
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Variable: Creation of Distribution Centre (CEDIS) 

Conceptualisation: Refers to layout, identification of 

storage capacities, attention (in number of doors or parking 

positions, order processing at a certain speed (throughput). 

Dimensions Definition Indicator 

Warehouse  Installation which, 

together with the 

storage equipment, 

handling equipment, 

human and 

management 

resources, makes it 

possible to regulate 

the differences 

between incoming 

and outgoing flows 

of goods. 

Areas comprising 

the warehouse. 

Information 

systems. 

It is a set of data that 

interact with each 

other for a common 

purpose. 

Technological 

resources used in 

the development 

of activities. 

Marketing  Actions through 

which a company 

studies the needs or 

problems of a public 

of interest and 

establishes strategies 

to solve them 

through its product 

or service. 

Product 

promotion 

strategies. 

Suppliers  A company that 

supplies others with 

goods or services 

necessary for the 

correct functioning 

of the business. 

Number of 

companies that 

maintain 

relationships for 

the purchase of 

merchandise for 

subsequent sale. 

Customers  A person who, in 

exchange for 

payment, receives 

services from 

someone who 

provides them for 

that concept. 

Average number 

of customers per 

day. 

Shelving A piece of furniture 

with shelves or 

shelving used to 

store books, papers 

or other items. 

Number of 

shelves in stock. 

Dispatch 

area 

A warehouse 

function in charge of 

the dispatch of 

goods, its objective 

is to send the 

products demanded 

by the client in the 

agreed time and in 

perfect condition. 

Areas for 

dispatching goods 

Distribution The set of actions 

that are carried out 

from the time a 

product is 

manufactured until it 

is purchased by the 

end consumer. 

Number of 

distribution 

strategies 

employed. 

 
Table 2 Dimension of the variable "Creation of a 

Distribution Centre" 

Source: Own Elaboration 

 

The instrument used for the collection of 

information was the questionnaire consisting of 

22 questions, which allows for the evaluation of 

the study variables and provides sufficient 

parameters to determine whether or not the 

necessary conditions exist for the creation of the 

Distribution Centre.  

 

Sample size  

 

The population is made up of a total of 80 

workers who make up the organisation's staff. 

 

According to Hernández, Fernández and 

Baptista (op. cit.) the minimum sample for 

descriptive studies is 30 elements or cases per 

group (p. 188). The randomly selected elements 

make up the sample (p. 183). 

 

For the study it was decided to select a 

sample of 45 elements, 15 units above the 

minimum units required for a sample for 

descriptive studies. 

 

 The selection of the elements that make 

up the sample was carried out by the simple 

random method, using the tombola technique 

where all the elements of the population had the 

same probability of being chosen. 

 

Results  

 

The results obtained from the application of the 

instrument used are presented below.  

 

Graphs 1 and 2 correspond to the 

evaluation of the dimension "Requisition". 

 

 
 
Graphic 1 Existence of exit control documents 

Source: Own Elaboration 
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Graphic 2 Existence of goods requisition forms 

Source: Own Elaboration 

 

Graphics 3 and 4 show the results of the 

evaluation of the dimension "Payment". 
 

 
 

Graphic 3 Existence of payment receipts for purchased 

godos 

Source: Own Elaboration 
 

 
 

Graphic 4 Existence of payment documents for goods for 

internal customers 

Source: Own Elaboration 

 

Graphics 5 and 6 show the results of the 

evaluation of the dimension "Income".  

 

 
 

Graphic 5 Existence of registration documents of receipt 

of purchased godos 

Source: Own Elaboration 

 
 
Graphic 6 Existence of proofs of delivery of goods to 

customers 

Source: Own Elaboration 

 

With regard to the dimension "Storage", 

graphs 7 and 8 show the results of its evaluation. 

 

 
 
Graphic 7 Existence of warehousing processes 

Source: Own Elaboration 

 

 
 
Graphic 8 Schematic warehousing using preform formats 

Source: Own Elaboration 

 

Graphics 9 and 10 show the results of the 

evaluation of the dimensions "Inventory and 

Outputs". 
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Graphic 9 Existence of stock of goods in stock 

Source: Own Elaboration 

 

 
 
Graphic 10 Inventory of company's assets in stock 

Source: Own Elaboration 

 

With regard to the "Warehouse" 

dimension, the results are shown in graphs 11 

and 12. 

 

 
 
Graphic 11 Existence of area for the creation of a CEDIS 

Source: Own Elaboration 

 

 
 
Graph 12 Existing areas in the warehouse 

Source: Own Elaboration 

 

Graphs 13 and 14 give an answer to the 

dimension "Information Systems". 

 

 
 
Graph 13 Existence of sufficient technological 

infrastructure 

Source: Own Elaboration 

 

 
 
Graph 14 Relevance of the Information System 

Source: Own Elaboration 

 

Regarding the dimension "Marketing" 

the answers are shown in graphs 15 and 16. 

 

 
 
Graphic 15 Existence of promotion strategies 

Source: Own Elaboration 
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Graph 16 Effectiveness of marketing strategies 

Source: Own Elaboration 

 

Graph 17 shows the results of the 

evaluation of the dimension "Suppliers". 

 

  
 
Graph 17 Existence of sufficient suppliers for the 

development of moral activities 

Source: Own Elaboration 

 

On the other hand, graph 18 shows the 

evaluation of the dimension "Customers". 

 

 
 
Graphic 18 Existence of customer records 

Source: Own Elaboration 

 

The dimension "Shelving" is evaluated 

and the results are shown in graph 19. 

 

 
 

Graph 19 Existence of sufficient shelves 

Source: Own Elaboration 

 

The dimension "Dispatch area" is 

evaluated and the results are shown in graphs 20 

and 21. 
 

  
 

Graph 20 The areas meet the needs of the company 

Source: Own Elaboration 

 

 
 

Graph 21 Need to implement new áreas 

Source: Own Elaboration 

 

Finally, graph 22 shows the results of the 

evaluation of the dimension "Distribution". 
 

 
 

Graph 22 Existence of distribution strategies for indirect 

materials 

Source: Own Elaboration 
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The results show, on the one hand, the 

need for the creation of a CEDIS for indirect 

materials in order to optimise the purchasing 

procedures for these materials, and on the other 

hand, the existence of the conditions for the 

creation of such a centre. The operation of the 

distribution centre was then defined as follows: 

 

1. Identification of indirect materials 

 

Information was collected to identify all the 

materials used in the consumer goods sales 

company. The result was the creation of the 

indirect materials catalogue, which contains 236 

material numbers listed in annex 1. Catalogue of 

indirect materials.  

 

2. Determination of purchase volume 

 

The determination of the purchase volumes 

(maximum and minimum) was carried out by 

analysing the sales history of the 236 materials 

listed in Annex 1.  Of the previous year for the 

236 indirect materials.          Table 3 shows an 

example of the calculation for material number 

108543. To determine the volume of new 

purchases, the average purchase volume for each 

month was calculated, to this value was added 

14.4%, which corresponds to the expected 

increase in sales for this year; the total was 

calculated and distributed among the twelve 

months, considering that the minimum 

purchases were 100 pieces to favour negotiation 

with the supplier.  The same procedure was 

applied to determine the purchase volumes for 

each of the 236 part numbers. 

 
Product: Playo Stretch Film 

Material number: 108543   

Unit: PZA  
Month Purchase 

volume of 
previous year 

Projected 

purchase 
volume 

(+14.4%) 

Determination 

of purchase 
volume 

January 125 143 150 

February 55 63 100 

March 48 55 100 

April  156 178 200 

May 125 143 150 

June 175 200 200 

July 100 114 150 

August 200 229 200 

September  144 165 150 

October  200 229 250 

November 40 46 100 

December 500 572 600 

Average 156 178 150 

Total 1868 2315 2350 

 
Table 3 Determination of purchase volumes. Playo 

Stretch Film 

Source: Own Elaboration  

3. Negotiation with suppliers by 

purchase volume. One-year purchase 

contracts 
 

For this step, the part numbers representing the 

highest annual purchase volume were identified; 

using the Pareto diagram, the part numbers 

representing 80% of the total annual purchase 

volume, and therefore the company's greatest 

economic impact, became visible. 

 

The Pareto analysis showed that 8 part 

numbers represent 80 % of the total annual sales 

volume, so that annual negotiations were worked 

out, through the allocation of purchase orders, 

with scheduled deliveries and with minimum 

and maximum purchase volumes.  

 

As a result of these negotiations, a saving 

of 15% of the annual purchase amount was 

achieved as shown in table 4. 

 
Material 

number 

Description Cost 

Total annual 

Initial 

Cost 

Total final 

Annual 

savings 

108543 Playo stretch film $539,280 $496,480 $42,800 

394086 Thermal roll for berkel scale $412,800 $283,200 $129,600 

394093 Poliopropylene bag for totopos $405,000 $345,000 $60,000 

394087 Sealant for 2" recalls $300,000 $264,000 $36,000 

394049 Remanufactured toner 83a $132,000 $120,000 $12,000 

394090 Remanufactured toner 17a $115,500 $105,000 $10,500 

394103 Multiprice label roll 90*30 $79,200 $67,680 $11,520 

394091 Remanufactured toner 79a $77,440 $70,400 $7,040 

Amounts expressed in mxn $2,061,220 $1,751,760 $309,460 

 
Table 4 Annual savings with consolidated purchases 

Source: Own Elaboration 

 

Conclusions 

 

In a globalised world such as the one in which 

organisations should create and develop their 

business, the need for growth cannot be met 

without synchronising all the organisation's 

processes. In this way, an efficient logistics 

management will allow the company to obtain 

better financial results and a better positioning in 

the market. 

 

Over the last few years, companies have 

been facing a progression of difficulties, 

including strong competition, 

internationalisation of business sectors, and a 

greater need for strategies in each area. They also 

have to cope with an increasing variety of 

products and services, with more emphasis on 

quality and flexibility. In the current 

circumstances, they must react to meet two basic 

needs: productivity and competitiveness. 
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In any case, the design of a Distribution 

Centre should be seen as an opportunity to "get 

it right" from the start, without compromising its 

subsequent exposure to the (usually insufficient) 

attributes of the current environment. 

Consequently, for these ventures, the initial 

perspectives involve carrying out a detailed 

analysis of the circumstances that the company 

in question is experiencing and thus designing a 

distribution centre that responds to that reality. 

 

In this sense, it is concluded that it is of 

utmost importance to have designed a 

distribution centre in the company under study, 

as this way substantial improvements in the 

financial areas were observed. But it should not 

be forgotten that having a well-established 

CEDIS system allows operations to be carried 

out in a better way and also the employees 

benefit because they work in an orderly 

environment that does not generate friction for 

daily operations. 
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Annex 1 Indirect materials catalog 

 
Indirect materials catalog 

Material number Description of the material Unit 

394086 ROLLO TERMICO PARA BASCULA BERKEL PZA 

394087 SELLADOR PARA RETIROS 2" PZA 

394088 CAJA DE TWIST 2000 PARA TOTOPOS CJ 

394089 TONER REMANUFACTURADO 83A PZA 

394090 TONER REMANUFACTURADO 17A PZA 

394091 TONER REMANUFACTURADO 79A PZA 

394092 DIUREX SELLO DE GARANTIA C/LOGO PZA 

394093 BOLSA POLIPROPILENO PARA TOTOPO PZA 

394094 ROLLO PARA CALCULADORA PZA 

394095 SIERRA CINTA A116 PZA 

394096 EMPAQUE PARA MOLINO MICARTA PZA 

394097 EMPAQUE PARA MOLINO BRONCE PZA 

394101 CUCHILLA PARA REBANADORA 909 PZA 

394102 CUCHILLA PARA REBANADORA 827 PZA 

394103 ROLLO ETIQUETA MULTIPRECIO TOSHIBA 90*30 PZA 

394104 ROLLO ETIQUETA P NORMAL TOSHIBA (CHICA) PZA 

394105 ROLLO ETIQUETA OFERTA TOSHIBA PZA 

394106 BOLSA PARA RETIRO DE VALORES PZA 

394107 GUIA DE ACERO ONIXIDABLE RODOTEC PZA 

394108 BOLSA PARA MORRALLA KG 

394109 ROLLO ETIQUETA PARA ROPA PZA 

394110 ROLLO ETIQUETA C/ LOGO BLANCA PZA 

394111 ROLLO ETIQUETA C/LOGO VERDE PZA 

394112 ROLLO ETIQUETA C/LOGO AZUL PZA 

394113 ROLLO ETIQUETA C/LOGO AMARILLA PZA 

394114 ROLLO ETIQUETA C/LOGO NARANJA PZA 

394115 ROLLO ETIQUETA S/LOGO BLANCA PZA 

394116 ROLLO ETIQUETA S/LOGO VERDE PZA 

394117 ROLLO ETIQUETA S/LOGO AZUL PZA 

394118 ROLLO ETIQUETA S/LOGO AMARILLA PZA 

394119 ROLLO ETIQUETA S/LOGO NARANJA PZA 

394120 ETIQUETA CODIGO DE BARRAS AM CJ 

394121 CEPILLO PARA LAVADO DE MANOS PZA 

394122 CUBETA DE GRAFITO 4 K PZA 

394123 RIBBON TRASFERENCIA TOSHIBA PZA 

394124 BOYA DE GAS FREON R22 13.6 PZA 

394125 BOYA DE GAS FREON R404 10.5 PZA 

394126 TERMOMETRO DE VASTAGO (TAYLOR) PZA 

394127 CHALECO SK AZUL CHICO PZA 

394128 CHALECO SK AZUL MEDIANO PZA 

394129 CHALECO SK AZUL GRANDE  PZA 

394130 CHALECO SK AZUL EXT GDE  PZA 

394131 CHALECO SK NEGRO CHICO PZA 

394132 CHALECO SK NEGRO MEDIANO PZA 

394133 CHALECO SK NEGRO GRANDE  PZA 

394134 CHALECO SK NEGRO EXT GDE  PZA 

394135 FILIPINA RECTA SK BLANCA PZA 

394136 PANTALON DE HOMBRE AZUL #32 PZA 

394137 PANTALON DE HOMBRE AZUL #34 PZA 

394138 PANTALON DE HOMBRE AZUL #36 PZA 

394139 PANTALON DE HOMBRE AZUL #38 PZA 

394140 CASACA AZUL REY PZA 

394141 CASACA ROJA  PZA 

394142 CASACA NEGRA  PZA 

394143 PLAYERA CUELLO REDONDO SK ROJO CHICO PZA 

394144 PLAYERA CUELLO REDONDO SK ROJO MEDIANO PZA 

394145 PLAYERA CUELLO REDONDO SK ROJO GRANDE  PZA 

394146 PLAYERA CUELLO REDONDO SK ROJO EXT GDE PZA 

394147 PLAYERA CUELLO REDONDO SK AZUL CHICO PZA 

394148 PLAYERA CUELLO REDONDO SK AZUL MEDIANO PZA 

394149 PLAYERA CUELLO REDONDO SK AZUL GRANDE PZA 

394150 PLAYERA CUELLO REDONDO SK AZUL EXT GDE PZA 

394151 CHALECO TERMICO SK AZUL CHICO PZA 

394152 CHALECO TERMICO SK AZUL MEDIANO PZA 
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