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Abstract 

 

In the industry, the supply chain develops activities related to 

the flow of goods. A nerve point of this chain is warehouses, 

whose operational efficiency allows to minimize product 

losses and reduce overall costs. This work proposes the 

automation of a goods warehouse through its integration and 

interoperation with emerging technologies based on the 

Industrial Internet of Things (IIoT), with the aim of knowing 

and planning the stock in real time to optimize its 

management, since a recurring problem is having outdated 

inventories, which impact on the lack of traceability of the 

product.  A methodology based on the design of an 

experimental management system is propose, through RFID 

devices and a microcontroller allows to monitor the inputs 

and outputs of goods, the second part of the system is a web 

application with a user interface where information about 

inventories could be viewed and analyzed in real time. This 

research will allow to lay the foundations of automation 

through IIoT of a warehouse with the purpose of turning it 

into an intelligent unit that provide strategic information. 

 

 

 

 

Smart Warehouses, IIoT, Industry 4.0, Intralogistics 

 

Resumen 

 

En la industria, la cadena de suministro desarrolla las 

actividades relacionadas con el flujo de mercancías. Un punto 

neurálgico de esta cadena, lo constituyen los almacenes, cuya 

eficiencia operativa permite minimizar las pérdidas de 

producto y reducir costos. En este trabajo se propone la 

automatización de un almacén de mercancías mediante su 

integración e interoperación con tecnologías emergentes 

basado en el internet industrial de las cosas (IIoT), con el 

objetivo de conocer y planificar el stock en tiempo real para 

optimizar su gestión, pues un problema recurrente es tener 

inventarios desactualizados, lo que a su vez repercute en la 

falta de trazabilidad del producto. Para este fin se propone una 

metodología basada en el diseño experimental de un sistema 

de gestión que mediante dispositivos RFID y un 

microcontrolador permita monitorear las entradas y salidas de 

mercancías, la segunda parte del sistema es una aplicación 

web con una interfaz de usuario donde se podría visualizar y 

analizar información sobre los inventarios en tiempo real. 

Esta investigación permitirá sentar las bases de 

automatización a través de IIoT de un almacén con el 

propósito de convertirlo en una unidad inteligente, brindando 

información estratégica. 

 

Almacenes inteligentes, IIoT, Industria 4.0, Intralogística 
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Introduction 

 

Companies as economic entities have as their 

main goal to increase their profitability and 

improve their management, for this, they are 

constantly looking for the optimisation of 

workflows. We are currently experiencing a 

fourth industrial revolution called Industry 4.0, 

which brings with it a trend towards full 

automation of manufacturing through 

integration with digital technologies (Schwab, 

2018). Thus, it is clear that the ability of 

companies to grow and adapt in this new 

technological environment will determine their 

longevity. 

 

The impact of this technological 

transformation is broad, based primarily on the 

digitisation and automation of production and 

distribution processes in industry, which blurs 

the boundaries between physical objects, 

integrating a complex system of interconnected 

and interdependent elements (Sukhodolov, 

2019).  

 

While there is no agreed definition of the 

term Industry 4.0, it can be summarised, 

according to Hermann, Pentek & Otto (2015) in 

six design principles: 1. interoperability, 

interconnectedness of elements (material and 

human) of Industry 4.0; 2. virtualisation, 

simulation models that display information from 

sensors and systems; 3. decentralisation, 

connected objects have autonomous decision-

making capabilities; 4. real-time capability, 

dynamic environment that actively interacts for 

analysis and decision-making; 5. service 

orientation, ability to offer a catalogue of 

services that allows interaction and the creation 

of new applications; and 6. modularity, 

flexibility for the addition, subtraction or 

substitution of any element (Estévez, 2016). The 

design principles underpin innovations in four 

key industry components: cyber-physical 

systems (CPS), IoT, internet of services (IoS) 

and smart factory.  

 

It is these core principles that will enable 

production to adapt, automatically enabling the 

diagnosis, adjustment and optimisation of 

processes. Through the use of IoT and its 

services it is possible to identify possible 

operational guidelines for Industry 4.0 that can 

be implemented, the information is summarised 

in table 1. 

 

 
Cyber-

physical 

systems 

Internet 

of 

things 

Internet 

of 

services 

Smart 

Factory 

Interoperability x x X x 

Virtualisation x - - x 

Decentralisation x - - x 

Real-time 

capability 
- - - x 

Service 

orientation 
- - x - 

Modularity - - x - 

 
Table 1 Design principles of each component of Industry 

4.0  

Source: Hermann et al., 2015 

 

The ability of IoT systems to exercise 

interoperability, and of IoS to offer service-

orientation and modularity, enables disruptive 

transformation ranging from multiple market 

segments, economic activities and public 

services to government and city organisation.  

 

In the environment of industry-focused 

solutions, Industrial IoT (IIoT) appears as a 

subset of IoT, which focuses on the specialised 

requirements of industrial applications, such as 

manufacturing, oil and gas and utilities (Chan, 

2017). These designs use sensors and connected 

peripheral devices to improve product quality 

and operational efficiency of factories in real 

time. According to Banda (2015) Industry 4.0 as 

a revolutionary method of organising production 

involves a whole process of systemic innovation 

that necessarily leads to a redefinition of 

business models to achieve radical, disruptive 

improvements that can eventually become a 

competitive advantage. 

 

Methodology 

 

In a supply chain, data management and the 

handling of products, materials and goods, as 

part of the production processes of the logistics 

network, can be optimised to have a better 

impact on the value chain, as shown in figure 1. 

 

 
Figure 1 Representation of supply chain with its elements 

Source: leanmanufactoring10.com 

Suppliers / 

Manufacturers 

Transport 

Transport 

Vendors 

Distribution 

Centre 

Buyers / 

Consumers 

SUPPLY CHAIN 
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A logistics process can be divided into 

different areas, ranging from purchasing 

logistics to possible recycling (Peia, Zhaoa, 

Zhangb & Guoc, 2019).  

 

Intralogistics groups together the internal 

logistics of the production area, i.e. the tracking 

and loading of products within a controlled and 

confined environment within the boundaries of 

the company, as well as the information flows 

that are generated, covering from the time the 

supplies are received in the raw material 

warehouse until they leave the production phase 

and are arranged in the warehouse as a finished 

product. 

 

In this sense, intralogistics 4.0 involves 

the digitalisation and automation of 

intralogistics, through its integration and 

interoperation with IT systems and networks, to 

improve internal management, improving the 

administration of processes and inventories (LD 

Flexible Logistics, 2021), as shown in Figure 2. 

 

 
Figure 2 Scope of intralogistics 

Source: Peia, S., Zhaoa, J., Zhangb, N. & Guoc, M., 2019 

 

Among several ways to improve the 

performance of the company, there is the 

optimisation of the planning, control and 

execution activities of the warehouse, since, as 

Madroño (2010) mentions, inventories are 

company assets and, as such, they represent an 

investment. The warehouse represents the 

balance between the supply and demand aspects 

of any company, its function goes beyond being 

a simple place for the accumulation of raw 

materials, supplies, components and finished 

product, since within it, functions are carried out 

that make the economic activity of the company 

possible. 

 

The organisation of a warehouse 

basically consists of three parts: incoming goods 

receipt management, goods storage management 

and goods distribution management (Van Geest, 

Tekinerdogan, & Catal, 2020). The latter being a 

topic of interest in this paper, as the finished 

product warehouse, often located in the 

marketing warehouses of manufacturing 

companies or in the warehouses of wholesale 

and retail companies, is necessary for the 

uninterrupted supply of customers and 

consumers. 

 

The main activities of the warehouse are 

delimited by input and output flows and include: 

product reception, storage and handling, order 

preparation, dispatch, and stock organisation and 

control (Escrivá, 2005) as illustrated in figure 3, 

and one of the main problems it presents lies in 

inventory calculations, so it can be inferred that 

it provides vital information for decision making 

in strategic planning. 

 

 
Figure 3 Warehouse flows 

Source: Own Elaboration 

 

However, with the increase in the 

complexity of operations and high variety of 

customer orders, as well as the demand for real-

time information, the warehouse presents new 

challenges and therefore a need to adapt to 

technological innovations and changes in the 

supply chain, so it is evident the step towards a 

"smart" entity based on automation both to 

integrate and manage inventories, and to 

regulate the flow of goods, so it is the subject of 

various studies to improve its management, as 

shown in Figure 4. 

 

Production 

logistics 

Intralogistics 

Warehouse 

Warehouse 

Purchasing 
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Suppliers Clients 
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Production 
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Figure 4 Main research topics for the implementation of 

smart warehouses 

Source: Liu, X. et al., 2018 

 

Thus, there has been a gradual migration 

in the importance of the warehouse from stock 

accumulation to high-speed operations, which 

demand to ship more products through the same 

physical assets, while reducing overall costs 

(Taliaferro et.al., 2016). 

 

It is important to note the inclusion of 

inventories in the company's financial 

statements as a reflection of its economic 

operation, therefore, determining the optimal 

order quantity is one of the main aspects of 

inventory management that can facilitate cost-

optimal inventory management (Senthilnathan, 

2019).  

 

The organisation and control of the 

warehouse depends on several factors, the most 

relevant of which are the mismatch between 

consumer demand and production or supply, and 

mainly random fluctuations in demand and 

replenishment times in the supply chain (Vidal 

et.al., 2004). The most common strategies to 

manage these fluctuations are related to 

operational efficiency, the achievement of which 

depends on timely and useful information. 

However, even when exploring the ways in 

which information creates value, it is important 

to understand the creation of this value from a 

supply chain perspective. According to 

Taliaferro et.al. (2016), across the 

manufacturing and distribution value network, 

business outcomes can arise from the integration 

of IT and operating technologies (OT) through 

Industry 4.0 applications. 

 

Designing an effective value-creating 

system requires the adoption of inventory 

management techniques to ensure that adequate 

inventory levels are maintained, orders are not 

duplicated, and product quality is consistent.  

Niemi, Huiskonen, & Kärkkäinen (2009) 

recommend that such techniques, based on open, 

standards-based solutions to reduce maintenance 

costs and increase productivity, should gradually 

take place in the company, with the aim of 

generating the necessary knowledge and 

maturity to enable continuous improvement in 

its control methods. 

 

Results 

 

The causes that generate the need to maintain 

inventories underlie the procurement process 

and the degree of operational efficiency. A 

review of the literature has been made in this 

sense, where from the perspective of computer 

science, solutions that allow automatic inventory 

control and often involve improvements in 

management systems stand out, however, it is 

interesting to look for an "intelligent" solution 

that allows visualisation and analysis of 

inventory data in real time, instilling the 

necessary agility within the company's processes 

to take care of the volatility in customer 

demands. 

 

The implementation of the IIoT-based 

system will be supported by an Auto-ID 

technology monitoring system, primarily radio 

frequency identification (RFID) systems, which 

use electromagnetic fields to identify and track 

tags attached to products. The entrance to the 

warehouse will have an RFID reader and each 

product will have an RFID tag attached to it. The 

system is complemented by a microcontroller 

that will keep the inventory updated, registering 

incoming and outgoing goods in real time. 

 

To implement this control, the 

information will be sent to the cloud allowing its 

concentration and access to it from any location 

and by any device connected to the internet. 

Numerical analysis software (Scilab) will be 

used to measure, collect, analyse and report the 

data, providing an interface for decision making. 

Figure 5 shows a general diagram of the 

proposed solution.  

 

Efficient communications planning 

Robust and accurate localisation 

Multi-robot collaboration 

Recognition of human activity 
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Figure 5 Architecture of the proposed solution 

Source: Own Elaboration 

 

It is important to note that the IoT 

development platform chosen will be the one 

that meets the characteristics of accessibility, 

documentation, applications and price, because 

the commercial implementation must justify the 

investment according to the cost-benefit. 

 

Hardware Module  

 

A. Microcontroller (MCU): the Photon Particle 

hardware development kit is used, which 

combines an ARM Cortex M3 

microcontroller with a Broadcom Wi-Fi chip 

in a miniature-sized module called PØ (P-

zero). 

 

Photon Particle concentrates a 3.3VDC 

SMPS power supply, a radio frequency antenna 

and user interface components on a printed 

circuit board (PCB). The great advantage for 

integration is that the design is open source. 

 

B. RFID module: it is the data input to the 

system. A high frequency (HF) band will be 

considered for implementation. 

Reading/recording of scan times, reading 

attempts, reading, reading and sending of tag 

data shall be recorded. 

 

There are also different types of tag 

technology, for cost reasons, those classified as 

passive, i.e. read-only, will be considered. 

 

 

 

 

 

 

 

 

Software Module 

 

A. Management system: is a computer program 

designed to provide connectivity between 

the RFID system, which will be integrated 

with a management application that connects 

to a database, providing a high level of 

automation to the processes of entry and exit 

of material in the warehouse, as well as 

inventory control. 

 

B. Web application: is a client-server computer 

program that the user can use by accessing a 

web server through a browser. In this case, 

IoT devices will send information to a cloud-

based server, where it will be interpreted and 

organised in an interface that can be 

accessed. 

 

Hardware and software integration 

 

For the reception of the parameters, an RFID 

reader will be used to send the data to the 

microcontroller, the connection is shown in 

figure 6; the microcontroller will be in charge of 

receiving, processing and sending the data. 

 

 
 
Figure 6 RFDI connection diagram 

Source: Own Elaboration 

 

For this function, an interface could be 

implemented for on-site visualisation of the data 

it collects. It will then be responsible for sending 

the data from the microcontroller to a cloud 

server hosted on an open-source IoT platform. 

 

The Particle Cloud API is a REST 

(Representational State Transfer) that allows the 

device to be controlled, by assigning a unique 

URL, using GET to obtain data, POST to call a 

function, and PUT to update firmware.  
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Variables and functions written in the 

firmware are exposed as sub-resources on the 

device. All requests from the device come 

through the API server using TLS (Transport 

Layer Security) security. 

 

For data analysis, the free software 

Scilab is used, which is capable of numerical 

analysis and scientific calculation. The Scilab 

package for automatic module management 

(ATOMS) contains a tool that allows dynamic 

interaction with the microcontroller and enables 

the exchange of information from the cloud, 

which will be used to obtain analytical models of 

the processes.  

 

This platform can be accessed via a web 

interface that allows the user to interact remotely 

through an internet connection and from any 

device, giving the possibility of both receiving 

data and controlling the system, customising the 

visualisation according to specific needs (figure 

7), offering an innovative solution to create an 

intelligent warehouse. 

 

 
 
Figure 7 Block diagram 

Source: Own Elaboration 

 

The detailed flow of the inventory 

management system is shown in Figure 8. 

 

 
 
Figure 8 Flow chart 

Source: Own Elaboration 

 

IIoT requires certain elements to enable 

communication between devices and objects, for 

which the objects must be uniquely identifiable. 

The RFID tag enables the product to wirelessly 

communicate information that enables inventory 

control. When the "smart" merchandise reports 

input/output data, it travels over IP networks to 

a cloud-based database that stores and classifies 

the data so that it can be analysed. 

 

Ultimately, the smart warehouse will 

provide real-time information through a 

visualisation of stock variability, enabling faster 

and more accurate decision making by taking 

into consideration fundamental aspects of 

warehouse management such as product 

lifecycle, traceability, the nature of the 

production or commercial process and the 

financial aspects related to inventories. 
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Conclusions 

 

Warehouse management aims to strategically 

control the entire storage and movement of 

inventories. Faced with increasingly complex 

functions that make the warehouse a dynamic 

entity, it is necessary to provide efficient 

accessibility for incoming and outgoing goods, 

under the constraints of space and quality 

factors, in addition to minimising operating 

costs. 

 

Technological solutions support decision 

making by generating accurate, reliable and 

timely information about the warehousing 

process and inventory control. 

 

The future roadmap is to implement 

IIoT-based technical optimisation in other 

important warehouse management processes, 

including a development that can be linked to 

customer or supplier management systems. 

 

It is possible to evaluate that the goods, 

in addition to the RFID tag, which allows 

counting the stock in the warehouse, include a 

sensor to measure certain data of interest, such 

as changes in quantities, spatial location or other 

information, with the aim of making all 

processes involved in warehousing more 

efficient. 
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Abstract 

 

In the production process of photovoltaic modules, there are 

defects of bad welding, defects in the raw material, degradation 

by environmental factors, as well as bad handling of the material 

or lack of maintenance, affecting the quality of the product. The 

omission of control of the temperature in the welding process 

causes the defect called cut fingers, which consists of the rupture 

presented by the collectors of the cell. The present research 

focused on studying the factors that influence the welding 

process for the generation of cut fingers, emphasizing the 

temperature measurement during the welding process. The 

methodology used consisted of describing the materials involved 

in the welding process and monitoring the temperature in the 

welding machine, as well as the ambient temperature. Some cells 

without solder were found. The temperature variation in the 

welding heads ranged from -14.9 to -121 ° C. With this study it 

is concluded that the temperature of the welding heads should 

continue to be monitored, since the variation is out of 

specification, the pH of the fluss must be verified, and the 

periodicity of its distillation must be determined to purify it and 

be able to reuse it. 

  

 

Photovoltaic module, Welding, Cut Fingers 

 

Resumen  

 

En el proceso de producción de módulos fotovoltaicos, se 

presentan defectos de mala soldadura, defectos en la materia 

prima, degradación por factores ambientales, así como mal 

manejo del material o falta de mantenimiento, afectando la 

calidad del producto. La falta de control de la temperatura en el 

proceso de soldadura ocasiona el defecto llamado dedos 

cortados, el cual consiste en la ruptura que presentan los 

colectores de la celda. La presente investigación se enfocó en 

estudiar, los factores que influyen en el proceso de soldadura para 

la generación de dedos cortados, enfatizando en la medición de 

la temperatura durante el proceso de soldadura. La metodología 

empleada consistió en describir los materiales que intervienen en 

el proceso de soldadura y el monitoreo de la temperatura en la 

máquina soldadora, así como la temperatura ambiente. Se 

encontraron algunas celdas sin soldadura. La variación de la 

temperatura en los cabezales de soldadora fue de -14.9 a -121°C. 

Con este estudio se concluye que se debe seguir monitoreando la 

temperatura de los cabezales de soldadura, ya que la variación 

está fuera de especificación, se debe verificar el pH del fluss, y 

determinar la periodicidad de la destilación de éste para 

purificarlo y poder reutilizarlo. 

  

Módulo fotovoltaico. Soldadura, Dedos cortados 
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Introduction 

 

Within the production process of Photovoltaic 

Modules there are different problems which are 

reflected in the finished product, as well as in the 

useful life of the module. For some of them there 

are methods that allow to detect and correct 

during the process such as bad welding, broken 

cells, or defects in the raw material, but there are 

problems that can only be seen with the passage 

of time and the deterioration of the module 

[Ferrara (2011)]. 

 

The deterioration affects the efficiency 

produced by the module through environmental 

factors, due to poor handling or maintenance, or 

due to defects caused during the production 

process, among which we can mention the defect 

of severed fingers that consists of the ruptures 

that present the collectors of the cell. Fig. 1. 

 

 
 

Figure 1 Cut Finger Collectors 

Own Elaboration 

 

Photovoltaic solar energy is a renewable 

energy source and therefore inexhaustible, clean 

and can be harnessed in the same place where it 

is produced.  

Energy sustainability in the future will be 

determined using renewable energies. As stated 

in the first principle of thermodynamics "energy 

is not created or destroyed", therefore, the use of 

energy from the sun to produce electricity or 

heat.  

 

The photovoltaic solar cell is the device 

capable of capturing the energy of the sun and 

converting part of that energy into electricity, for 

this, a set of solar cells are interconnected with 

welding and encapsulated with Ethylene vinyl 

acetate, forming an essential part in the modules 

photovoltaics, which are the constructive 

element used for the implementation of solar 

photovoltaic systems.   

 

The power, voltage and current of a 

photovoltaic module will depend on the number 

of associated solar cells and the working 

conditions, that is why a study of the variation 

and effect of temperature in solar cell welding 

machines was carried out, since a bad welding 

causes defects that affect the performance of 

photovoltaic modules. 

 

The welding process is an important 

factor that can cause defects in the finished 

product, hence the importance of determining 

the variables that affect the process, as well as 

the appropriate characteristics of the material for 

the quality assurance of the process [Hacke P. 

(2010)].    

 

Welding process area 

 

This area consists of making chains of cells and 

an electrical interconnection with tape (ribbon) 

by means of contact welding technology see 

Figure 2. 

 

 
 

Figure 2 Cell string 

Own Elaboration 

 

The stringer machine is an automated 

device in which the mechanism is a balance of 

temperatures of the solar cell by means of a 

preheating train to avoid a thermal shock in it 

when it comes into contact with a head with 

twelve pins. These pins make a type of spot 

welding because contact with the ribbon causes 

the heat to be distributed and joins with the cell 

buss. Figure 3. 
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Figure 3 Stringer Brand Welding Machine 

Own Elaboration 

 

The objective of this study was to 

determine the temperature variation in the heads 

of the Stringer machine, for the curbing of solar 

cells, as well as the factors that influence the 

welding process to generate the defect of cut off 

fingers. 

 

Methodology 

 

The procedure followed for the study was as 

follows: 

 

1. Study of the materials involved in the 

welding process 

 

1.1 Ribbon. The ribbon or interconnection 

tape is composed of tin, lead and silver, 

material that serves as welding to join 

cell to cell and also generate a circuit in 

series. 

 

1.2 Flux. Flux or also called fundente is a 

chemical substance which is used in the 

welding process and its main functions 

are to isolate from air contact, dissolve 

and eliminate the oxides that can be 

formed and favor the "wetting" of the 

base material by the molten contribution 

metal, getting the contribution metal to 

flow and be distributed in the union. 

 

2. Factors that influence the welding 

process to generate the phenomenon of 

fingers cut in photovoltaic modules: 

 

2.1    Coefficient of Thermal Expansion (CTE) 

 

It is well known that a solid expands when 

heated, or contracts when cooled. The problem 

that causes a greater thickness of the ribbon, is 

that it increases the Coefficient of thermal 

expansion (CTE), causing the silicon wafer to 

become curved and at the same time cause the 

rupture of the fingers of the cell (Figure 4).  

For this very reason the choice of 

thickness and width of the welding material, is 

part of optimization of multiple parameters of 

cost and efficiency that supposes power losses, 

shading losses, network design, performance 

losses, reliability factors and the cost of welding. 

 

 
 
Figure 4 Wafer affected by variation of thermal 

coefficient 

Own Elaboration 

 

2.2 Uniformity in the welding process 

 

The roughness problem is due to the 

discontinuity of the homogenization of the 

ribbon material and causes problems in 

manufacturing which are: 

 

2.3 Excess penetration 

 

This is determined in the stress test (pull test) and 

with the help of a microscope when detaching 

the ribbon from the cell, a detachment of the buss 

can be observed, and the silicon plate can break. 

(Figure 5.). 

 

 
 
Figure 5 Penetration of Welding in the Buss of the Cell 

Own Elaboration 

 

2.4 Lack of welding. Lack of welding is 

another defect caused by variations in 

temperature. Figure 6. 
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Figure 6 Cell with missing solder 

Own Elaboration 

 

2.5 Handling of the Stringer Brand 

Welding machine 

 

The handling of the Stringer welder comprises 

from the handling of materials to the control of 

the parameters required by the machine to work, 

since the main variable is the temperature is 

necessary a constant monitoring. 

 

3 Temperature measurement 
 

3.1 First, the ambient temperature of both the 

environment and the Stringer Machine 

was measured for 2 days. Table 1.  

 

  
Table 1 Room temperature inside and outside of Stringer 

Welder Machine 

Own Elaboration 

 

 

 

 

 

 

3.2 Measurement of the temperature in the 

preheating areas of the stringer machine, 

3 times a day (morning, noon and in the 

afternoon). Tables (2, 4, 6). 

 

The train of the heating zones is divided into ten 

zones, where the first four are pre-arranged 

raising the temperature of the cell and the ribbon, 

in zones five and six are the points where the 

joining process (welding) occurs, and the 

remaining points are another conditioning, in 

which the temperature gradually decreases to 

avoid a thermal shock, figure 7 illustrates the 10 

areas mentioned. The measurement was made 

with an infrared thermometer brand Fluke 566. 

 
Heating 

Zones 

Specified 

Temperature °C 

Real 

Temperature °C 

1 55  50,2  

2 70  69,4  

3 100  97,8  

4 120  110,6  

5 170  143,7  

6 170  118,7  

7 125  112,2  

8 105  92,6  

9 70  68,6  

10 60  57,9  

 
Table 2 Temperature readings on Stringer Machine at 9 

a.m., with room temperature outside of the 19.7°C Stringer 

and within the 26°C.Stringer 

 

 
 
Figure 7 Scheme of preheating zones (1, 2, 3, 4) and of 

welding (5, 6) of Stringer Machine 

Own Elaboration 

 

3.3 The head has 12 pins, to make the 

temperature measurements, it was taken 

into consideration that each head has two 

resistors (zones 1, 2), which was taken 

into consideration for the reading shot. 

Figure 8, the zones (1, 2) are identified as 

soldering head in Figure 7. Tables 3, 4, 5 

find the results of the measurement. 

 

Hour Room 

Temperature in 

Plant 

Room Temperature 

in Stringer Machine 

9:00  20,6  29,4  

10:00  25,3  36,8  

11:00  25,6  39.3  

12:00  26,5  42  

16:00  28.9  34,5  

9:00  16,5  20  

10.00  22,3  37,6  

11.00  20,5  21,9  

12:00  22,6  37,8  

16:00  24,8  38,2  
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Figure 8. Stringer Welder Heads Diagram 

Own Elaboration 

 
Welding 

Head 

Specified 

Temperature °C 

Real 

Temperature °C 

1,1 245 120  

1,2 245 130,1  

2,1 245 128,3  

2,2 245 123,3  

3,1 245 128,2  

3,2 245 114,4  

 
Table 3 Temperature in Welding Heads at 9 a.m, with 

room temperature outside of the 19.7 ° C, Stringer and 

within the 26 ° C. Stringer 

Own Elaboration 

 

Heating 

Zones 

Specified 

Temperature °C 

Real 

Temperature °C 

1 55  54  

2 70  71  

3 100  96  

4 120  116  

5 170  138  

6 170  116  

7 125  114 

8 105  100  

9 70  78  

10 60  70 

 
Table 4 Temperature in Heating Zones. 12h, with room 

temperature outside the Stringer of 22.7°C and within 

27.9°C 

Own Elaboration 

 

Welding 

Head 

Specified 

Temperature °C 

Real 

Temperature °C 

1,1 245 124 

1,2 245 135 

2,1 245 154  

2,2 245 149  

3,1 245 143  

3,2 245 137  

 
Table 5 Stringer Welding Heads Temperature at 12 hours, 

with room temperature outside the Stringer of 22.7°C and 

within 27.9°C 

Own Elaboration 

 

Table 6 Temperature in heating zones, 17 hours, with 

room temperature outside the Stringer of 23.5°C and 

within 29.3°C 

Own Elaboration 

 

Welding 

Head 

Specified 

Temperature °C 

Real 

Temperature °C 

1,1 245 245.2  

1,2 245 245  

2,1 245 245.4  

2,2 245 245  

3,1 245 245.6  

3,2 245 245.3  

 
Table 7 Stringer heads Temperature at 17 hours., with 

room temperature outside the Stringer of 23.5°C and 

within 29.3° 

Own Elaboration 

 

Results 

 

As can be seen in Table 1. The ambient 

temperature ranged from 16.5°C to 28.9°C. The 

ambient temperature on the Stringer machine 

ranged from 20°C to 42°C.  As can be noticed 

this temperature variation is due to the 

environmental changes that naturally occur 

during all the months of the year, which 

influences the heating zones, as well as the 

variation of the temperature of the heads in the 

welding areas of the Stringer machine. The 

temperature variation in the welding areas at 9 

a.m. ranged from -26.3°C to -51.6°C.  Table 2, 

Graph 1. 

 

Heating 

Zones 

Specified 

Temperature °C 

Real 

Temperature °C 

1 55  58  

2 70  72  

3 100  97  

4 120  113  

5 170  150  

6 170  133  

7 125  114  

8 105  99  

9 70  73  

10 60  66  
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Graph 1 Temperature in heating zones at 9 o'clock 

Own Elaboration 

 

The temperature variation in the Stringer 

welder heads at 9 a.m. ranged from -114.9°C to 

-130.6°C of the specified value. Table 3. Figure 

2. 

 

 
 
Graph 2 Temperature monitoring in Welder Heads at 9 

a.m 

Own Elaboration 

 

Temperature variation in the welding 

heating zones at 12 hours ranged from -32°C in 

zone 5 to -54°C in zone 6. With respect to the 

specified value. Table 4. Figure 3. 

  

 

 
 
Graph 3 Temperature in heating zones at 12 hours 

Own Elaboration 

 

Temperature variation in stringer weld 

heads at 12 o'clock ranged from -91°C to -121°C 

of the specified value. Table 5. Figure 4. 

 

 
 
Graph 4 Temperature in Stringer Welder Heads. (12 

hours) 

Own Elaboration 

 

Temperature variation in the welding 

heating zones at 5 p.m. ranged from -20°C in 

zone 5 to -36°C in zone 6. With respect to the 

specified value. Table 6. Figure 5. 
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Graph 5 Temperature in Heating Zones. Monitoring at 17 

hours 

Own elaboration 

 

The temperature variation in the Stringer 

welder heads at 5 p.m. ranged from 0°C to 

+1.2°C of the specified value. Table 7. Figure 6. 

 

 
 

 
Graph 6 Temperature in Stringer Welder Heads. Data 

measured at 17 hours 

Own Elaboration 

 

As you can see. In the morning when the 

ambient temperature is lower, the variation in the 

welding heads is greater. However, at 17 hours 

when the Stringer machine has worked 9 hours 

the temperature of the heads is within 

specification +- 10°C.  This indicates that the 

machine should remain without shutting down 

24 hours, it is also advisable to have controlled 

ambient temperature conditions in the welding 

area, to reduce temperature variations, as they 

influence lack of welding in solar cells. 

 

 

Conclusions 

 

The ambient temperature outside the stringer, 

must be from 27 to 28 ° C and within it of 35-38 

° C so that the pins of the heads reach the 

established temperature and there is a range of ± 

10 ° C, for winter seasons months of (November-

February), a heating equipment is needed within 

the work area , because if you do not have a 

certain system, the welding machine in the head 

area does not reaches the established 

temperature, causing failures in the solar cells, 

due to poor welding.  It is recommended to 

continue monitoring the temperatures both 

ambient and in the heads of the Stringer welder, 

for quality assurance of the process. 
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Abstract 

 

The drying process is very intensive in energy consumption. 

Mexico is a major producer of food, especially of varieties of 

chilies, with quality culinary and medicinal properties.  The 

65% of the national market as a dry product, which gives a 

benefit. In the drying process, the convective technology was 

used, using a horizontal tunnel with direct solar heating air. 

The kinetics of the solar dryer with direct heating is possible, 

with an average drying time of 16 hours of solar irradiance. 

The tests were performed in Temixco, Morelos, Mexico, 

located at 18 º 51 'of LN and 99º 14' of LO, with average 

values of 850 W/m2 irradiance maximum. The chamber 

temperatures were in a range between 31 and 45 °C. The air 

velocity range was set between 1.3 and 2.4 m/s. Final 

moisture contents of the dried chili were obtained in a range 

between 8% and 6% h.b. with an average drying velocity of 

4.7 humidity degree/h. The solar direct drying is a technology 

that allows recovering and trying different agricultural 

surpluses and could promote the establishment of agro-

industries. 

 

Solar drying, Indirect solar dryer, Solar air collector  

 

Resumen 

 

El proceso de secado es muy intensivo en el consumo de 

energía. México es un gran productor de alimentos, 

especialmente de variedades de chilis, con una gran calidad 

culinaria y propiedades medicinales. El 65% del mercado 

nacional es como producto seco, lo cual le da un valor 

agregado. En el proceso se utilizó un secador de túnel con 

calentamiento solar de aire directo. La cinética del secador 

solar con calentamiento directo es factible, con un tiempo de 

secado de 16 horas de irradiancia solar. Las pruebas se 

realizaron en Temixco, Morelos, México, localizado a 18º 51’ 

de LN y 99º 14’ de LO, con valores de irradiancia máximos 

promedio de 850 W/m2. Las temperaturas en la cámara fueron 

en un intervalo entre 31 ºC y 45 ºC.  El dominio de 

velocidades de aire se estableció entre 1.3 y 2.4 m/s.  Se 

obtuvieron humedades finales del chili seco en un intervalo 

entre 8% y 6% en base humedad, con velocidades promedio 

de secado de 4.7 grados de humedad/h. Esta tecnología 

permite recuperar y tratar diferentes excedentes agrícolas y 

podría promover la creación de agro-industrias. 

 

Secado solar, Secador indirecto, Colector solar de aire 
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1. Introduction 

 

Among the significant contributions of Mexico 

to the world stands out the great diversity of 

domesticated plants such as chili, diversified 

throughout history by the native peoples to use 

them for medicinal, ornamental, stimulating 

drinks, or as a condiment.  The chili (Capsicum 

spp.) belongs along with tomato, eggplant, 

tobacco, and potato, to the family of Solanaceae. 

The genus includes about 26 species, all native 

to the Americas. Its scientific name Capsicum 

comes from the Greek kapsakes or capsule. Its 

common name comes from the Nahuatl chili 

(CONABIO, 2020). 

 

For more than 500 years, chili has been 

the food sustenance of Mexicans; Currently, it 

remains the primary ingredient of Mexican 

foods, being present in up to 90% of its dishes 

either directly (chopped or in rajas) or as a 

fundamental ingredient of sauces, marinades, 

moles and dressings. Chili in Mexico is also a 

symbol of identity, it is the flavor that unites the 

family, and it is the crop that prevails in their 

lands (INAH, 2020). Its fruits are consumed both 

fresh and dry to provide color, flavor and, aroma 

to countless dishes, which places it among the 

main spices. 

 

Mexico is the world's number one 

exporter of chili peppers and peppers; being 

29.71% of its total production what is destined 

to the international market. Currently, the main 

destination of these products is the U.S., chili 

imports for that country are 77.99% Mexican 

products; followed by Canada with 55.45 and 

Guatemala, whose chili imports are 52.25% 

Mexican (SIAP, 2019). 

 

The average annual growth of chili 

production is 4.82%; is forecast that for the 

4.82%; this forecast that for the period that began 

in 2016 and will end in 2030, the cumulative 

production growth will be 61.40%; while for 

exports in millions of tons it is 139.66% 

(SAGARPA, 2019). The cultivation of the 

different varieties of chili adapts to different 

climates and soil types at altitudes ranging from 

sea level to 2 500 m. In the Yucatan Peninsula 

and Tabasco jalapeños, coastal and habaneros 

are planted. Consequently, its consumption is 

equally diverse: the fresh is usually used as a 

vegetable or condiment; the dry one is mainly 

destined to the food and pharmaceutical industry 

(Hernández and Muñoz, 2015). 

    Concerning dried chili, Zacatecas is the 

country's primary producer, contributing more 

than 50% of the national production, in an annual 

area ranging between 30 and 40 thousand 

hectares (Sagarpa, 2008). Indirectly, this 

production generates thousands of additional 

jobs in the more than 100 dehydrators, the food 

industry, the transport industry, and input 

suppliers operating in the State and the country. 

 

 The denomination of green chili is for 

natural or processed fruits and, when 

dehydrated, they pass to the group of dried ones, 

as is the case of the ancho, mulato, guajillo, 

costeño chilis, among many others. Dried chili 

peppers are allowed to ripen and dry, are already 

dry, are widely used in Mexican cuisine, and are 

characterized by a mild and less spicy flavor than 

fresh ones. 

 

 About marketing, the price of dried chili 

concerning green is sometimes up to 50% higher 

since it provides an added value to the product 

through the manufacture of sauces or powder 

properly packaging, which allows it to obtain 

better prices in the market and raise the life on 

the shelf. 

 

 The coastal chili is mainly marketed dry, 

sauce, chili, atole, roasted, powdered, and 

yellow mole; it is a thin variety, approximately 8 

to 10 cm long. Currently, the coastal chili is 

competing with chilis produced in several states, 

on a large scale, and marketed throughout the 

country: the ancho chili, the guajillo, the puya, 

as well as others similar to the costeño chili: the 

tree and the serrano (Aguilar-Méndez, et al. 

2018). 

 

 Chili is one of the most important crops 

in Mexico and the world; Mexico is the country 

with the most remarkable diversity of Capsicum 

annuum, where it is grown practically 

throughout the territory, with production 

systems and very diverse problems. Therefore, it 

is of the utmost importance to have new 

information on the cultivation of chili 

(Domínguez et al., 2015). 

    

In this work, a study of the kinetics of the 

solar drying of the "costeño" chili produced in 

the State of Tabasco is carried out using a 

horizontal tunnel type dryer operated with direct 

solar air heaters. 
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2. Experimental study 

 

The experiments were carried out in the Drying 

Laboratory and in the Solar Platform of the 

Institute of Renewable Energies of the 

Universidad Nacional Autónoma de México, 

located in the City of Temixco, State of Morelos, 

Mexico, located at 18º 51' of L.N. and 99º 14' of 

L.O., at 1250 msnm. 

 

2.1 Indirect solar dryer tunnel type 
 

The direct drying system consists of a drying 

tunnel, a solar air heating system, a fan to induce 

air through the tunnel, and a voltage variation to 

obtain different air velocities within a domain 

established between 2 and 4 m/s, support to 

maintain good inclination of the collector, as 

well as air inlet and outlet ducts. Figure 1 shows 

a view of the horizontal drying tunnel with the 

air heater integrated. 

 

2.1.1 Drying chamber 

    

The drying chamber consists of a rectangular 

shape placed horizontally, with a cross-section 

of 0.30 m2. The structure is metallic, thermally 

insulated. They can be treated up to 4000 m3h-1 

to obtain a maximum velocity of 4 ms-1. The 

total length of the drying tunnel is 6 m, with an 

active length of 5 m. The tunnel has an external 

diffuser and an air filter at the entrance. At the 

exit, you have a fireplace with a height of 3.5 m. 

The drying tunnel is divided into five sections, 

and in each section, there are three trays at 

different levels to contain the product to be dried. 

 

 
 
Figure 1 General view of the solar dryer with direct air 

heating 

Source: Author Photo 

 

 

 

 

 

2.1.2 Solar air heating system 

 

The thermal energy needed for air heating is 

provided utilizing a direct solar heating system. 

The direct solar air heater consists of an absorber 

plate formed inside rectangular tubular sections 

covered with a matte black pigment of high 

temperature and absorptivity to solar radiation. 

Air flows inside through the channels of the 

structure. 

    

The absorber surface with an area of 1.22 

m2 has a typical transparent glass cover 2 m long 

by 66 cm wide and 3 mm thick. The lateral and 

posterior parts were thermally insulated using 

polyethylene foam with a thickness of 25 mm, 

and thermal conductivity of 0.0236 W/mK. The 

collector is protected by an aluminum housing 2 

m long by 67 cm wide and 9 cm high and is 

mounted on a pair of supports that allow it to 

have an inclination of 20 ° on the horizontal 

facing south. Figure 2 shows a view of the solar 

air heater. 

 

 
 

Figure 2 View of the solar air heater 

Source: Author's Photo 

 

2.1.3 Characterization of the solar air heater 

    

The solar air heater was subjected to different 

tests to determine its thermal efficiency applying 

the ASHRAE standard in solar air heaters; the 

reported results are based on the temperature of 

the inlet air of the solar collector, the ambient 

temperature, and incident radiation. 

 

Graph 1 shows the temperature 

differences: average, maximum and minimum, 

between the output and entry of air to the solar 

collector for the four different speeds 2, 3, 5, and 

8 m/s and the corresponding volumetric flows. 

As can be seen, the difference in temperatures 

decreases as both the speed and volumetric flow 

of air increase. 
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Figure 1 Variations in the temperature difference reached 

as a function of volumetric air velocities and flows 

 

  Graph 2 represents the evolution of the 

efficiency and average temperature of the 

collector as a function of volumetric flow. 

Generally speaking, efficiency increases with 

the increasing volumetric flow and decreases 

with increasing temperature. Therefore, it was 

possible to obtain the thermal efficiency of the 

solar air heater between 0.5 and 0.7, which 

coincides with the values reported in the 

literature within the domain of the airflow 

analyzed. 

 

 
 
Figure 2 Evolution of efficiency and temperature 

differences obtained at different volumetric flow 

conditions 

 

2. 2 Drying of chili 

 

2.2.1 Weather conditions 

 

During the testing period, the climatic variables 

of temperature and relative humidity of the air 

were recorded and global solar radiation. Data 

on these variables were obtained from the 

weather station of the Institute of Renewable 

Energies of the National Autonomous 

University of Mexico.  

 

Graph 3 shows that during the test period, 

the ambient temperature ranged in minimum 

values between 26.76 and 27.69°C and 

maximum values between 31.9 and 33.7°C.  

Concerning relative humidity, low values were 

obtained. It varied between 29.2% and 18.06% 

for the first day, for the second day 32.65% and 

21.6%, finally for the third day, 25.49% and 

22.6%. The global solar irradiance values for the 

testing period are presented in Figure 4. The 

radiation varied between average maximum 

values between 990, 954, and 990 W/m2, with 6 

h of insolation for the first day, 7 h for the 

second, and only 3 h for the third 16 h effective 

solar operation for the drying process. 

 

 
 
Figure 3 Evolutions of relative humidity and air 

temperature during test days 

 

 
 
Figure 4 Evolutions of solar irradiance, ambient 

temperature and inside the drying chamber during the test 

days 

 

2.2.2 Materials and methods 

2.2.2.1 Materials 

  

For the experimentation was used red chili 

"costeño", of the variety Capsicum annuum, 

grown in the Municipality of Emiliano Zapata, 

in the State of Tabasco, Mexico. Samples of 

green chili and different levels of maturation 

were used.  
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In addition, the degrees of humidity was 

determined, as well as the corresponding 

densities. For the drying process, whole and 

complete chili peppers were selected, seeking 

the same size, average maturity, and unit weight 

variations between 10.7 and 9.2 g. 

 

2.2.2.2 Determination of moisture content 

 

The humidity of the different samples was made 

using a humidity analyzer brand Ohaus model 

MB45 of halogen type, with an accuracy of 1mg 

± 0.01% in a temperature domain of 50 to 200 

°C. The initial humidities of green chili varied 

between 80.65% and 88.83%, while samples of 

mature chili peppers ranged between 75.38% 

and 83.1%; the variations are attributed to 

differences in the degree of maturation; the 

variations are attributed to differences in the 

degree of maturation.  

 

2.2.3 Solar drying 

 

In the tunnel of the solar dryer, the first section 

was used with only two trays, one upper and one 

intermediate, and in each of them, 25 samples of 

"coastal chili" were distributed, of which only 

two were identified in each tray, placed at the 

ends of them. Each of the samples was identified 

for subsequent weight loss recording.  Once the 

trays were put, a first determination of the 

weights of each of the selected samples was 

made. The weight recording was done every 15 

minutes and then every hour until a constant 

final weight was reached, and Ohaus brand 

balance was used with an accuracy of 0.1 g. 

 

The indirect solar dryer was 

implemented utilizing a fan that operates with 

different voltages to supply the tunnel with 

variable speeds. In this study, two air velocity 

levels were established, one high (between 2.6 

and 1.4 m/s) and one lower in a domain of 0.7 to 

1.63 and m/s. Figure 3 shows the tunnel-type 

indirect solar dryer and the arrangement of fresh 

chili peppers in the drying chamber. 

 

 
 

Figure 3 Disposal of fresh chili peppers in the drying 

chamber 

Source: Author's Photo 

 

3. Experimental results 

 

In the tests with high velocity, during the first 

day, the air velocity varied between 2.4 m/s and 

1.4 m/s, the drying time was 6 hours, the second 

day, the air velocity varied between 2.4 m/s and 

1.8 m/s with a duration of 7 hours and finally on 

the third day the air velocity variation was from 

2.6 m/s to 1.7 m/s, but for a time of only 3 hours 

because the final humidity conditions had 

already been reached. 

 

Graph 5 shows the evolutions of the air 

temperature inside the drying chamber for the 

two different levels of velocity regimes. 

Regarding the high-velocity, the first-day 

temperature domain was obtained between 36.4 

°C-46.4 °C, the second day, 31.6 and 45.4°C and 

the third 34.3°C and 40.9°C, with the average 

minimum temperature being 34.1 and the 

maximum temperature 44.23 °C. 

 

With the low-velocity, the first-day 

temperature was 37.2°C-44.4°C, second day 

31.4°C-45.0°C, and the third 33°C-43.3°C, with 

the average minimum temperature of 33.86°C 

and that of the maximum 44.23°C. 

 

3.1 Drying kinetics 

 

Graphs 6-7 present the results of the moisture 

loss of the samples of the ripe coastal chili in the 

solar dryer operated with direct air heating.  As 

can be seen in Graph 6, the evolutions of weight 

loss of samples 1 and 2 placed in tray two and 

the corresponding ones of samples 3 and 4 in tray 

1, above tray 2, are presented. 
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Figure 5 Evolution of the air temperature inside the drying 

chamber for the two different levels of velocity 

 

    In the maximum air velocity kinetics, the 

initial weights of the samples were for sample 1: 

8.2 g, for 2: 9.2 g, for 3:10.9 g, and 4: 9.9 g. As 

can be seen, the drying kinetics are similar for 

the 4sample selected; in particular, the kinetics 

of 4 and 2 are practically the same. The fastest 

kinetics were sample 1, and the lowest was that 

of sample 3 with a higher mass. Final humidity 

varied in a domain of 5.26% to 6.27% in wet 

base, with an initial domain of 83% to 81.5%, 

resulting in a total drying period of 16 hours 

effective solar irradiance with a difference in 

humidity between 78.7% and 76.24%, which 

corresponds to an average of between 4.9 and 4.7 

degrees of humidity/h of average drying speed, 

under the reported weather conditions. 

 

 
 
Figure 6 Solar kinetics of chili with high air velocity 

 

 

 
 
Figure 7 Solar kinetics of chili with low air velocity 

 

Graph 7 presents the experimental results 

of the dehydration of coastal chili for low air 

velocity inside the chamber. In this case, the 

initial weights of the samples were for sample 1: 

7.3 g, for 2: 7.0 g, for 3: 12.7 g, and for 4: 8.0 g. 

The drying kinetics are practically the same and 

almost independent of the weight of the samples.  

     

The initial humidity was practically the same 

as in the previous case; however, the final 

humidity was in a domain between 8.57 and 

6.03% for the same drying time of 16 hours as in 

kinetics with high air velocity. The average 

humidity reduction was set at 75.57% resulting 

in an overall speed of 4.7°/h, practically the same 

as with higher air velocities, so the air velocity 

between 2.6 and 1.4 m/s has very little influence 

on the overall drying velocity for the domain of 

environmental conditions under which the 

experimental study was developed. 

 

4. Conclusions 

  

The drying kinetics of the "costeño" chili 

(Capsicum annuum) was determined in a direct 

solar dryer operating at two levels of air velocity. 

Mature chili was treated with initial humidities 

between 75.38 and 83.1% in wet base. The 

domain of the air velocity was established for 

both cases of regimes between 1.4 m/s and 2.6 

m/s, obtaining maximum temperature variations 

between 44.2 and 45 °C. for the same. In both 

cases, the drying time resulted in an average 

drying speed between 4.7 and 4.9 °C humidity/h, 

resulting in a final humidity of the dry chili 

8.57% and 6.03% for the low-velocity range 

5.26% to 6.27% for the high. 
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 In addition, it was demonstrated the 

minor influence of the air velocity in the domain 

analyzed on the drying kinetics, using a tunnel 

dryer with direct air heating. 
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Abstract 

 

The following paper focuses on energy efficiency 

applied to a company dedicated to the conservation and 

freezing of seafood products located in the city of San 

Francisco de Campeche, Camp, Mexico. For this, a 

theoretical study is carried out to determine the energy 

saving potential of one of the refrigeration systems 

currently installed in the company to fulfill the 

hypothesis of obtaining savings of up to 3% in energy 

consumption by reducing 1 °C the condensing 

temperature of the system. The main thermal loads of 

the system are Mayan octopus, shrimp, and fish 

(various). With the help of the Genetron Properties 

Software, the different calculations are carried out by 

making variations in the condensation and conservation 

temperatures, without varying the thermal load, but 

considering a correct and incorrect heat exchange of the 

condensing units with the outside. 

 

 

Energy efficiency, Refrigeration, Energy saving 

 

 

Resumen  

 

El siguiente artículo se centra en la eficiencia energética 

aplicada a una empresa dedicada a la conservación y 

congelación de productos del mar ubicada en la ciudad 

de San Francisco de Campeche, Camp, México. Para 

ello se realiza un estudio teórico para determinar el 

potencial de ahorro energético de uno de los sistemas 

de refrigeración actualmente instalado en la empresa 

con la finalidad de cumplir la hipótesis de obtener un 

ahorro de hasta un 3% de ahorro en consumo energético 

al disminuir 1 °C la temperatura de condensación del 

sistema. Las principales cargas térmicas del sistema 

son: pulpo maya, camarón y pescados (varios). Con 

ayuda del Software Genetron Properties se realizan los 

diferentes cálculos realizando variaciones en las 

temperaturas de condensación y conservación sin variar 

la carga térmica, pero considerando un correcto e 

incorrecto intercambio de calor   de las unidades 

condensadoras con el medio. 
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Introduction 

 

Energy efficiency in refrigeration for 

conservation or freezing products is an issue that 

has gained relevance in recent years given the 

great energy demand of the equipment to get the 

appropriate temperatures on the different 

products. The main benefit is reflected in the 

savings that are getting without sacrificing the 

quality of the final product. 

 

In this paper, two cases of the energy 

behavior of fish and seafood in a conservation 

room with a condensing unit model 

MDBX1000M6C installed in the city of San 

Francisco de Campeche are studied.  

 

For case A, the energy behavior is 

evaluated with an ambient temperature in a range 

of 30 °C to 40 °C and heat exchange between the 

outside and the condensing unit. 

 

For case B, the energy behavior is 

evaluated with an ambient temperature in a range 

of 30 °C to 40 °C but with inadequate heat 

exchange between the outside and the 

condensing unit (this case is currently presented 

in the company). 

 

Seafood products are perishable foods, so 

their quality must be guaranteed especially when 

implementing energy efficiency measures. It´s 

essential to comply with regulations such as 

NOM-242-SSA1-2009 that indicates the 

conditions of the conservation (fresh, 

refrigerated, frozen, and processed). 

 

Another option is to maintain the 

organoleptic quality depending on the 

temperature of refrigeration or freezing. 

Generally, the optimal refrigeration temperature 

ranges are from 0 to 4 °C, however, freezing 

maintains the organoleptic characteristics from 

temperatures in the center of the fish, from 0 to 

5 °C reached in less than two hours and its 

subsequent decrease to -18 °C (Santana, 2014). 

 

The objective of the work consisted of 

estimating the potential for energy and economic 

savings by varying the condensation and 

evaporation temperatures assuming that the 

decrease of each degree Celsius generates up to 

3% of electrical energy savings. As will be seen 

in the methodology section, savings were 

determined by varying temperatures under 

climatic and operating conditions. The work 

includes the following sections: 

1. Generalities. In this section, the status of 

the company's energy consumption is 

mentioned. 

2. Variables that impact the energy 

consumption of refrigeration systems. 

The variables that impact the energy 

consumption of the refrigeration system 

are mentioned. 

3. Caso study. It covers the current state of 

the company, the dimensions of the 

refrigeration space, as well as the main 

thermal loads for the refrigeration 

processes. 

4. Methodology. It contains the 

information evaluated step by step of the 

case study. 

5. Results. Analyze the results obtained 

based on the graphs in the previous 

section. 

6. Economic implications. This section 

presents the economic estimates when 

evaluating cases A and B. 

7. Conclusions. Includes the main 

inferences from sections 5 and 6. 

 

1. Generalities 

 

The company under study is dedicated to the 

capture, processing, and commercialization of 

seafood and is in the city of San Francisco de 

Campeche, Camp., Mexico. 

 
Tecnology Installed 

Power 

kW 

% Monthly 

Consumption 

(kWh/month) 

% Anual 

Consumption 

(kWh/year) 

Lighting 5.73 4.9 1,598.58 3.9 19,182.93 

Air conditioner 8.11 6.9 2,028.12 4.9 24,337.4 

Miscellaneous 7.55 6.4 39.25 0.1 471 

Refrigeration 88.37 75.3 36,760.26 89.2 441,123.12 

Motors and 

pumps 

7.63 6.5 771.06 1.9 9,252.72 

Total 117.4 100 41,197 100 494,364 

 

Table 1 Total energy consumption 

Source: Own Elaboration 

 

Of the total electricity consumption, 89% 

belongs to the consumption of refrigeration 

equipment as shown in Table 1 (2 cold rooms for 

freezing and 2 more for conservation). This work 

focuses only on one of the conservation rooms 

that operates with a condensing unit model 

MDBX1000M6C with R404A refrigerant. 

 

2. Variables that impact the energy 

consumption of refrigeration systems 
 

The improvement options that were proposed are 

the following: 
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2.1. Reduction of evaporation temperature in 

refrigeration systems 
 

According to the Mexican Standard NOM-242-

SSA1-2009, the temperature of the fishing 

products corresponds to those shown in Table 2. 

 
Cold room type Temperature 

Conservation 0 to 4 °C 

Freezing 0 to -18 °C 

 

Table 2 Fish product temperature 

Source: Own Elaboration 

 

Achieving and maintaining these thermal 

levels in the product implies a high consumption 

of electrical energy for the production of cold in 

the storage rooms and these consumptions are 

directly related to the evaporation and 

condensation temperatures, therefore, the 

variation of these temperatures results 

determining factor in the cooling capacity from 

the thermodynamic approach. Therefore, it is 

essential to evaluate the relationship of these 

operating parameters through a detailed analysis. 

Figure 1 shows the behavior of the cooling 

capacity (Qe) at different thermal levels of 

evaporation and condensation for different 

refrigerants. 

 

 
 

Figure 1 Variation of cooling capacity for different 

evaporation temperatures in different refrigerants 

Source: Oruc, V. et al 2017 

 

If we observe the behavior of R404A, it 

is noted that the lower the evaporation 

temperature (Te) and the higher the 

condensation temperature (Tc), the cooling 

capacity (Qe) decreases, so it is assumed that 

reducing the evaporation temperature to 

maintain the product temperature in a cold room 

hurts the refrigeration capacity. In contrast, a 

reduction in the condensing temperature 

improves the potential for heat extraction in the 

evaporator. 

To reduce the condensation temperature, 

pay attention to the temperature of the outside 

(heat sink) because the condensation 

temperature will increase or decrease depending 

on the variation in ambient temperature, but also 

on the heat transfer capacity and the condenser 

transfer area. The connection between the 

compressor's energy consumption (We) and the 

evaporation temperature is shown in Figure 2. 

The pressure change between the evaporator 

outlet and the condenser inlet is obtained from 

the addition of mechanical energy in the 

compressor (We), ideally through an isentropic 

process. This energy exchange is proportional to 

the initial and final state of the refrigerant, 

depending on the thermal levels because P = f 

(Tsat). The increase or decrease in energy 

consumption is proportional to the increase or 

decrease in evaporation temperature when the 

condensation temperature is constant. 

 

 
 

Figure 2 Energy consumption for different evaporation 

temperatures in different refrigerants 

Source: Oruc, V. et al 2017 

 

For the case of R404A, it is shown that a 

decrease of 6 ° C in the evaporation temperature 

(Tc = 45 ° C), the energy consumption of the 

compressor decreases by 12.8% (from 1275 to 

1112 Watts). This behavior is maintained for the 

variation of the condensation temperature, for 

example, when Tc decreases 5 ° C (Te = -6 ° C) 

there is a decrease in energy consumption of 

3.7% (from 1080 to 1040 Watts). 

 

2.2. Reduction of condensation temperature 

in refrigeration systems 

 

In a study of alternative refrigerants to R404A 

(Calleja, 2018), the effect of condensation 

temperature (Tc) on volumetric capacity, the 

COP, the quality of steam at the evaporator inlet, 

and discharge temperature (Td) of different 

refrigerants was evaluated. 
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The analysis was carried out for Te = -10 

° C, Tc = 25 °C to 45 ° C, isentropic efficiencies 

from 0.7 to 1, and a volumetric efficiency of 

100% of the compressor. The results showed that 

the COP reaches values higher than 3 at a Tc of 

45 ° C and as the condensation temperature 

decreases to 25 ° C, the COP increases to around 

6%. Lowering the condensing temperature 

decreases the energy supplied to the compressor, 

increasing the COP. 

 

The condenser is the component 

responsible for dissipating the latent heat 

absorbed by the refrigerant in the evaporator to 

the heat sink. This energy is released by forced 

convection to a cooling medium, generally air at 

environment temperature. The physical 

arrangement of this component can limit or 

block the forced circulation of air or accumulate 

thermal energy, affecting the performance of the 

condenser and consequently the cooling system. 

Saidur et al., (2002) found that for each degree 

centigrade increase in ambient temperature, the 

energy consumption of the refrigeration system 

increased by 4%. This percentage may be higher 

if the condensers are installed in a limited space, 

which will consequently increase the 

temperature of the surroundings and the Tc of 

the equipment. 

 

3. Case study 

 

The cold room is an insulated enclosure of 

6x4.5x3.5 m with 50 mm thick expanded 

polyurethane (polyurethane foam). It has a 

maximum capacity of 5 tons to contain various 

kinds of fish and seafood. The condensing unit 

MBDX1000M6C model uses a Copeland discus 

compressor of the semi-hermetic alternative type 

of cylinders. It works with R404A refrigerant at 

a voltage of 230V/3F/60 HZ, of 10 HP capacity 

for outdoor operation with a draft of horizontal 

air.  In addition to the temperature conditions in 

Campeche, the main problem is the 

concentration of 6 condensing units in a limited 

space, so that arrangement of the units limit heats 

dissipation and consequently blocks airflow, so 

there is an increase in the ambient temperature 

that reduces the heat transfer rate towards the 

environment and increase the condensation 

temperature. 

 

For analysis purposes, an increase in the 

ambient temperature value of 1.5 °C was 

considered, due to the concentration of 

condensers in space. 

 

In Table 3, an annual summary of the 

thermal loading conditions in the company is 

observed, for the desired product (shrimp, 

octopus, fresh fish) temperature of -13 °C, which 

consider the product entering at ambient 

temperature and the one that is kept at optimum 

temperature during the harvest and closed 

season. The desired product temperature was 

taken from the information provided by the 

company. 

 
Month Thermal load 

(BTU/h) 

Tons of 

product/month 

January 72,754.77 4.5 

February 67,456.07 4 

March 64,243.73 6.5 

April 72,754.77 4.5 

May 76,542.45 5 

June 75,455.54 5 

July 75,455.54 5 

August 77,085.91 5 

September 71,787.21 4.5 

October 71,515.49 4.5 

November 71,068.28 5 

December 71,068.28 5 

 

Table 3 Thermal load for different months of operation of 

the company 

Source: Own Elaboration 

 

4. Methodology 

 

To quantify the energy improvement obtained to 

reduce the evaporation and condensation 

temperature, it’s necessary to evaluate the COP, 

cooling power (𝑃𝑒), and the compressor power 

(𝑃𝑐) under operating conditions with the R404A 

refrigerant and that it depends on the mechanical 

and electrical performance. When looking the 

Figure 3, it’s established that the before 

mentioned parameters are defined as a function 

of their enthalpies, so: 

 

𝐶𝑂𝑃 =
ℎ7−ℎ6

ℎ2−ℎ1
                                                         (1) 

 

𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑙𝑜𝑎𝑑 = 𝑚̇(ℎ7 − ℎ6)                        (2) 

 

𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 = 𝑚̇ =
𝑃𝑒

ℎ7−ℎ6
                                  (3)  

 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 𝑃𝑜𝑤𝑒𝑟 = 𝑃𝑐 =
𝑚̇(ℎ2−ℎ1)

𝑛𝑚∗𝑛𝑒
            (4) 
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Figure 3 Refrigeration cycle of the case study 

Source (own elaboration with Genetron Properties 

Software) 

 

 In the following calculations, an initial 

evaporation temperature of -23 °C to -20 °C was 

considered. Also, it was considered 

condensation temperature related to ambient 

temperatures in a range of 30 °C to 40 °C for 

months of the summer and off summer. This 

Interval corresponds to the average maximum 

average temperature of the 2015-2018 period 

prevailing in the entity and reported by the 

Campeche observatory Campeche of the 

Comisión Nacional del Agua (CONAGUA). 

Graph 1 shows the months February to 

September and Graph 2 the months of March to 

August. 

 

 
 

Graph 1 Percentage of days per month with temperatures 

≥30 °C and <35 °C, 2015-2018 

Source: Own Elaboration 

 

 
Graph 2 Percentage of days per month with temperatures 

≥35 °C and <40 °C, 2015-2018 

Source: Own Elaboration 

With this information, we proceeded to 

analyze the operating parameters of the 

refrigeration system considering two cases: 

 

A. Energy behavior of the system for a 

correct distribution of the condensing 

units. 

B. Energy behavior of the system for an 

inadequate distribution of condensing 

units (current situation). 

 

Graphs 3 and 4 show the variation of the 

compressor power in kW for January in cases A 

y B. 

 

 
 

Graph 3 Compressor power at different condensing 

temperatures in January case A 

Source: Own Elaboration 

 

 
 

Graph 4 Compressor power at different condensing 

temperatures in January case B 

Source: Own Elaboration 

 

On the other hand, Graphs 5 and 6 

present the variation of the COP in January in the 

cases A y B. 
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Graph 5 COP at different condensation and evaporation 

temperatures in January case A 

Source: Own Elaboration 

 

 
 

Graph 6 COP at different condensation and evaporation 

temperatures in January case B 

Source: Own Elaboration 

 

Graphs 7 and 8 show the variation of the 

compressor power in kW in March in cases A 

and B. 

 

 
 

Graph 7 Compressor power at different condensation 

temperatures in March case A 

Source: Own Elaboration 

 

 
Graph 8 Compressor power at different condensation 

temperatures in March case B 

Source: Own Elaboration 

Graphs 9 and 10 show the COP variation 

in March in cases A and B. 

 

 
 

Graph 9 COP at different condensation and evaporation 

temperatures in March case A 

Source: Own Elaboration 

 

 
 

Graph 10 COP at different condensation and evaporating 

temperatures in March case B 

Source: Own Elaboration 

 

Graphs 11 and 12 show the behavior of 

energy consumption in case A. 

 

 
 

Graph 11 Behavior of energy consumption without 

increases in ambient temperature from September to 

January case A 

 Source: Own Elaboration 
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Graph 12 Behavior of energy consumption without 

increases in ambient temperature from March to August 

case A 

Source: Own Elaboration 

 

Graphs 13 and 14 show the behavior of 

energy consumption in case B 

 

 
 

Graph 13 Behavior of energy consumption with an 

increase of up to 1.5 °C in ambient temperature from 

September to January case B 

Source: Own Elaboration 

 

 
 

Graph 14 Behavior of energy consumption with an 

increase of up to 1.5 °C in ambient temperature from 

March to August case B 

Source: Own Elaboration 

 

5. Results 

 

The results obtained were carried out with the 

support of the Genetron Properties Software 

considering a volumetric and isentropic 

efficiency of 0.75. Two cases were evaluated: 

 

A. Energy behavior of the system under the 

operating conditions of table 3 and 

ambient temperatures from 30 °C to 40 

°C for a correct distribution of the 

condensing units. 

 

B. Energy behavior of the system under the 

operating conditions of table 3 and 

ambient temperatures from 30 °C to 40 

°C for an inadequate distribution of the 

condensing units (current situation). 

 

From Graphs 3 and 4, it´s observed that 

there is an increase of 2.7% of the power 

compressor for each degree centigrade that 

evaporation temperature increases. While there 

is an approximate 3.6% increase in compressor 

power for each degree that the condensing 

temperature increase. 

 

Graphs 5 and 6 show a decrease of 2.9% 

and 3.5% of the COP for each degree centigrade 

that the evaporation temperature increases and 

for each degree centigrade that the condensing 

temperature increases respectively. 

 

Graphs 7 and 8 show the behavior of the 

compressor power when the condensation and 

evaporation temperatures vary. The results 

indicated an increase in compressor power of 

approximately 4% for each degree of increase in 

condensing temperature and an increase greater 

than 2% for each degree of increase in 

evaporation temperature. 

 

Graphs 9 and 10 evaluate the COP of the 

system when varying the condensation and 

evaporation temperatures. For both cases, there 

is an average decrease of 4% of the COP for each 

degree that the condensation temperature 

increases and there is a decrease of 2.7% for each 

degree that the evaporation temperature 

increases. 

 

Graphs 11 and 12 show the behavior of 

energy consumption for both groups of 

temperatures assuming a correct distribution of 

the condensing units. Graphs 13 and 14 show the 

consumption due to inadequate distribution of 

the condensing units. In both cases, a decrease of 

2% of the consumption is observed for each 

degree Celsius that the evaporating temperature 

is reduced. 
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6. Economic implications 

 

To determinate the economic savings, the 

Comisión Nacional de Electricidad (CFE) 

billings for the 2019 period were used as 

reference values. With this information, the 

energy costs per month were estimated 

considering taxes. 

 

Tables 4 and 5 show the estimate of the 

monthly economic saving obtained by 

comparing the energy consumption for cases A 

and B. The results obtained reflect the impact 

that occurs when the condenser unit is 

improperly installed, causing an increase in the 

surrounding ambient temperature. 
 

Tc (°C) ≥30 °C at 

<35 °C 

Te (°C) 

-23 -22 -21 -23 

Save money mnx/month 

50 - 51.5 SEP-FEB $1,107 $1,085 $1,182 $1,020 

51 - 52.5 SEP-FEB $1,169 $1,145 $1,103 $1,080 

52 - 53.5 SEP-FEB $1,248 $1,208 $1,175 $1,144 

53 - 54.5 SEP-FEB $1,328 $1,266 $1,256 $1,211 

54 - 55.5 SEP-FEB $1,404 $1,368 $1,326 $1,297 

 

Table 4 Saving estimates for months with ambient 

temperatures ≥30 °C and <35 °C 

Source: Own Elaboration 

 

Tc (°C) ≥35 °C at 

<40 °C 

Te (°C) 

-23 -22 -21 -23 

Save money mnx/month 

55 - 56.5 MAR-AUG $1,558 $1,513 $1,466 $1,432 

56 - 57.5 MAR-AUG $1,680 $1,626 $1,578 $1,533 

57 - 58.5 MAR-AUG $1,820 $1,757 $1,704 $1,649 

58 - 59.5 MAR-AUG $1,957 $1,910 $1,856 $1,790 

59 - 60.5 MAR-AUG $2,147 $2,078 $2,014 $2,055 

 

Table 5 Saving estimates for months with ambient 

temperatures ≥35 °C and <40 °C 

Source: Own Elaboration 

 

7. Conclusions 

 

From de results obtained in the case study, it is 

concluded that: 

 

1. Decreasing the condensation 

temperature of the system by one degree 

Celsius will reduce electrical energy 

consumption by up to 3% and there will 

be an increase of to 4% del COP. 

 

2. There is an increase of more than 5% in 

energy consumption for the first group of 

months (≥30 °C and <35 °C) due to 

inadequate distribution of condensing 

units. While in the second group (≥35 °C 

and <40 °C) the increase is greater than 

6% on average. 

 

3. The results when varying the 

condensation and evaporation 

temperatures indicated an increase in the 

energy consumption of the compressor 

for each degree centigrade that both 

temperatures increased with average 

values of 4% and 2.7% respectively. 

 

4. If the condensation temperature 

increases to 1.5°C, the theoretical results 

show an increase of up to 6% in electrical 

energy consumption during the months 

with higher temperatures. 

 

5. Despite only obtaining an economic 

saving of 1%, it´s advisable to maintain a 

correct distribution of the condensing 

units to make the most of it. The 

economic saving of 1% of the billing 

only considers a cold room of the four 

that operate in the company. 
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