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Abstract 

 

The use of models to improve the quality of software 

in the information technology sector in terms of 

innovation and specialization has become a 

requirement for small, medium and large enterprises 

around the world. In Mexico, the Ministry of 

Economy, respond to calls to several programs. It has 

invited this sector to facilitate the development and 

competitiveness of Mexican companies and the 

attraction of foreign investments. The objective of 

this work is to describe the experience to implement 

CMMI-DEV2 model. The SME Miracle Business 

Network SA de CV, located in the state of Tlaxcala, 

make a remembrance of what is CMMI origin, 

evolution, levels; with emphasis on development 

level 2 that was used to show some artifacts used, 

highlighting the importance of teamwork in the 

project called acquisition of property and 

infrastructure of the microenterprise. 

 

 

 

 

Software, SMS, Development 

Resumen 

 

El uso de modelos para mejorar la calidad del 

software en el sector de las tecnologías de la 

información en términos de innovación y 

especialización se ha convertido en una exigencia 

para las pequeñas, medianas y grandes empresas de 

todo el mundo. En México, la Secretaría de 

Economía, responde a las convocatorias de varios 

programas. Ha convocado a este sector para facilitar 

el desarrollo y la competitividad de las empresas 

mexicanas y la atracción de inversiones extranjeras. 

El objetivo de este trabajo es describir la experiencia 

de implementación del modelo CMMI-DEV2. La 

PYME Miracle Business Network SA de CV, 

ubicada en el estado de Tlaxcala, hace una 

remembranza de lo que es el origen de CMMI, la 

evolución, los niveles; con énfasis en el nivel de 

desarrollo 2 que se utilizó para mostrar algunos 

artefactos utilizados, destacando la importancia del 

trabajo en equipo en el proyecto denominado 

adquisición de bienes e infraestructura de la 

microempresa. 

 

Software, SMS, Desarrollo 
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Introduction 
 

CMMI is the successor to CMM, the goal of the 

CMMI project was to improve the usability of 

maturity models from software engineering and 

other disciplines by integrating different models 

into a single framework. 

 

CMM was developed from 1987 to 1997. 

In 1987 Watts Humphrey published the first 

ideas of the CMM framework in IEEE Software 

magazine. In 1989 he published his book titled 

Managing the software Process. In 1991, the 

technical report was published describing the 

process areas of version 1.0 of the CMM (Key 

Practices of Capability Maturity Model for 

Software Engineering v1.0-CMU-SEI/91.TR-

25). In 1993 it the model is updated and version 

v1.2 of the CMM is published in the technical 

report (Key practices of capability Maturity 

Model for Software Engineering v1.1-CMU-

SEI/93-TR-and  the year 2000 version 1.0 

emerged, in 2002 version 1.1 and in 2006 

version 1.2 was released. And in 2010 version 

1.3 came out. To build the CMMI, a first set of 

models were used as sources, such as SW-CMM 

version 2, EIA/IS 731, IPD-CMM. (Piattini 

Velthuis Mario, Garzas Parra Javier, 2010) 

 

CMMI allows you to approach continuous 

improvement and software evaluations using 2 

representations, the staged representation and 

the continuous representation, each of the 

representations provides a path to implement 

software process improvement with the aim of 

achieving business objectives, both 

representations provide the same content but 

organized in different ways; there are two 

different representations by inheritance of the 

model they use previously: 

 

If you are familiar with the CMM 

Software then the staged representation is used, 

while if you come from the System Engineering 

Capability Model (SECM) the continuous 

representation is used. 

 

The CMMI DEV 2 model is a set of 

products (suite) that support the improvement of 

the system, this set is made up of the set of 

reference CMMI models, the SCAMPI 

evaluation methods (Standard CMMI Apraisal 

Method for Improvement processes) and the 

courses of training. 

 

 

CMMI models identify the process areas 

present in an industrial approach to software or 

systems development. The goal is to help 

organizations improve their ability to deliver 

products to their customers, they can be used to 

improve the entire organization, a division, or an 

organizational unit. 

 

CMMI helps to integrate improvement 

efforts, completing traditionally separate aspects 

such as management and development aspects, it 

helps to determine improvement goals and 

priorities, by having an evaluation mechanism 

and reference models (Piattini et al. Pg. 236) 

 

The CMMI DEV 2 model is based on the 

organization's policies where the guidelines for 

developing software are specified. At this level, 

projects are required to be managed, that is, the 

work team follows a defined plan with activities 

from each of the process areas with those 

responsible, effort and duration of the entire 

project. ―IIt involves training people to carry 

out the processes as planned in the plan, 

establishing how the documents produced at 

each stage will be controlled (Software 

Engineering Institute [SIE], 2010) 

 

Capability Level 2: Managed 
 

A capability level 2 process is characterized as a 

managed process. A managed process is a 

realized process (capability level 1) that has the 

basic infrastructure in place to support the 

process. It is planned and executed according to 

policies; employ skilled staff; has adequate 

resources to produce controlled results; engages 

relevant stakeholders; is monitored, controlled 

and reviewed; and adherence to its process 

description is evaluated. [SEI] (2010). The 

process discipline reflected by Capability Level 

2 helps ensure that existing practices are 

maintained during times of pressure. 

 

In the Mexican Republic, 49 companies 

have achieved certification and registration at 

this level, this indicates that the improvement in 

the software quality process under this model is 

in force. (Yesenia Nohemí González Meneses, 

2014) This article aims to describe the relevant 

activities of each stage of the process of the 

CMMI-DEV 2 model see 1.3. From the system 

project Acquisition of Goods, services and 

infrastructure, implemented in the SME Miracle 

Business SAde CV. 
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It is structured as follows: First, the 

microenterprise is described, then the 

importance of teamwork is argued, reference is 

made to the software methodology used, then the 

five levels that the system has are cited. model, 

later the CMMI-DEV2 level is described; 

Finally a conclusion is made. 

 

Giro de PYME Miracle Business SA de CV 
 

Miracle Business SA de CV It is a company of 

professionals dedicated to providing Business 

Consulting using Information Technology. 

MBN began operations in the year 2000 through 

its technological partner MiracleSoft and 

became an independent company name in 2006. 

 

Miracle Business Network, SA de CV 

was established on March 16, 2006, derived 

from the experience and initiative of its partners 

to generate employment opportunities 

nationwide. In 2008, the need was identified to 

have a methodology that would provide the 

required quality to projects, for greater customer 

satisfaction. 

 

For this reason, the Quality Standard 

NMX-I-059/NYCE-2005 (MoProSoft) was 

implemented. It establishes the activities and 

responsibilities for each of the processes that 

make up the organization. A year later, MBN 

underwent evaluation by the NYCE Verification 

Body, and after completing the Verification 

process, it was Approved and Certified within 

LEVEL 2 of the Quality Standard. 

 

MBN currently has the ORACLE Gold 

Partner distinction, and is on the way to become 

a Specialized Partner in the GOLDEN GATE 

tool, for replication of information in real time. 

 

Teamwork 
 

Leadership is the process of influence between 

leaders and followers to achieve organizational 

objectives through change, it is considered 

crucial for the success of any project, some traits 

of effective leaders are: domain, high energy, 

internal locus of control, integrity , flexibility, 

self-confidence, stability, intelligence, and 

sensitivity to others. The establishment of roles 

assigned to the personnel that contributes with a 

specific task in this type of projects are aware 

that they must combine attitudes, skills, 

knowledge, communication and control the 

stress generated in moments of difficulty or 

contingency.  

Given the increasing use of teams to 

organize work activities in countless 

organizations, The role of leaders is paramount 

to facilitate productive behavior among team 

members. There is a need for leadership because 

teams are made up of various personalities, 

mental states, motives and agendas. To be an 

effective team leader requires a change in the 

mental state and behavior of those involved, in 

order to foster the development of team spirit, 

leaders must perceptively observe what happens 

in the team. contributions when needed, 

encourage a climate of dialogue, turn obstacles 

into opportunities, and consider themselves and 

others as part of the team's body of knowledge, 

skills, and ideas. (Lussier, 2010) There is a need 

for leadership because teams are made up of 

various personalities, states of mind, motives, 

and agendas.  

 

To be an effective team leader requires a 

change in the mental state and behavior of those 

involved, in order to foster the development of 

team spirit, leaders must perceptively observe 

what happens in the team. contributions when 

needed, encourage a climate of dialogue, turn 

obstacles into opportunities, and consider 

themselves and others as part of the team's body 

of knowledge, skills, and ideas. (Lussier, 2010) 

There is a need for leadership because teams are 

made up of various personalities, states of mind, 

motives, and agendas. To be an effective team 

leader requires a change in the mental state and 

behavior of those involved, in order to foster the 

development of team spirit, leaders must 

perceptively observe what happens in the team. 

contributions when needed, encourage a climate 

of dialogue, turn obstacles into opportunities, 

and consider themselves and others as part of the 

team's body of knowledge, skills, and ideas. 

(Lussier, 2010) In order to foster the 

development of team spirit, leaders must observe 

what is happening in the team with insight, make 

contributions when necessary, encourage a 

climate of dialogue, turn obstacles into 

opportunities, and consider themselves and 

others as part of the team's pool of knowledge, 

skills, and ideas. (Lussier, 2010) In order to 

foster the development of team spirit, leaders 

must observe what is happening in the team with 

insight, make contributions when necessary, 

encourage a climate of dialogue, turn obstacles 

into opportunities, and consider themselves and 

others as part of the team's pool of knowledge, 

skills, and ideas. (Lussier, 2010) 
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As most software professionals work in 

project teams, as a general rule, software 

engineering project groups should have no more 

than 10 members. When using small groups, 

communication is facilitated. Good management 

cannot guarantee success. however, 

mismanagement often results in project failure: 

software may be delivered late, cost more than 

originally estimated, or fail to meet customer 

expectations. (Somerville, 2011) 

 

Material software model 
 

It consists of the following stages: 

 

1. Analysis and definition of 

requirements. The services, restrictions and 

goals of the system are defined based on 

consultations with users. They are then defined 

in detail and serve as a requirements 

specification. 

 

2. Software system design. The system 

design process divides the requirements into 

hardware or software systems. It establishes a 

complete architecture of the system. Software 

design identifies and describes the fundamental 

abstractions of the software system and their 

relationships. 

 

3. Iimplementation and unit testing. 

During this stage the design is carried out as a 

set of units or programs are integrated and tested 

as a complete system to ensure that the software 

requirements are met, later these tests are 

delivered to the client. 

March 2015. Vol. 2 No.2 154-167 

 

4. Foperation and maintenance. The 

system is installed and put into operation. 

Maintenance involves correcting errors not 

discovered in earlier stages of the life cycle, 

improving implementations of system units, and 

highlighting system services once new 

requirements are discovered. (Somerville I. 

2005) 

 

Reference model CMMI DEV 2 ver 1.3 
 

The basic components that this model supports 

are people, methods and procedures, and tools 

and equipment, as shown in Figure 1. 

 

 

 
 
Figure 1 

 

CMMI is a reference model that covers 

development and maintenance activities applied 

to both products and services. They are used by 

organizations in numerous industries including 

aerospace; Banks, computer construction, 

defense software, automobile manufacturing, 

and telecommunications use CMMI for 

development. The CMMI for Development 

constellation models contain practices that cover 

project management, process management, 

systems engineering, hardware engineering, 

software engineering, and other processes used 

in development and maintenance. 

 

Thes generic goals and generic practices 

(GGs-GPs) are the basis for incorporating the 

processes implemented by a process area. 

 

Project planning is an iterative process that 

begins when an initial project plan is designed 

during the start-up phase of the project. 

 

At the beginning of a planning process, 

you have to assess the constraints that affect the 

project, these are delivery date, available staff, 

overall budget and available tools. 

 

As shown in the following figure. 

 

 
 
Figure 2 
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Required, Expected, and Informational 

Components 
 

The required components describe what an 

organization must do to accomplish to satisfy a 

process area. The expected components describe 

what an organization can implement to achieve 

a required component. The required components 

guide those who implement improvements or 

perform evaluations, they also include specific 

and generic practices. 

 

Informative components provide details 

that help organizations begin to think about how 

to approach the required and expected 

components. Figure 3 

 

 
 
Figure 3 

 

Process areas 
 

A process area is a group of related practices in 

an area that, when implemented together, satisfy 

a group of objectives considered important for 

the improvement of this area. In this reference 

model there are 22 process areas. Figure no 4. 

 

 
 
Figure 4 

MCMMI DEV 2 model applied to the 

development of BSI (System for the 

acquisition of goods, services and 

infrastructure) 
 

The system was developed under this model in a 

period from June to September 2014 with 4 

modules and they are: 

 

1. Articles Assignment letters. Loans. 

Maintenance. 

2. Providers 

3. Services 

4. Login 

 

 
 
Figure 5 

 

The work team was made up of 10 people 

who took on the following roles: Operations 

director, specific project manager, test manager, 

software development and maintenance 

manager, programmer, analyst, designer, 

manual manager, database administrator. data 

collector, reviewer, users, user interface 

designer, and client. 

 

The responsibility associated with each 

role is briefly described below. 

 

Specific Project Manager (APE) 

 

Decision making, strategic planning, personnel 

management and software development. 

 

Director of Operations (DO) 

 

It maintains visibility over the allocation of 

resources and the results obtained by the work 

teams assigned to the different value-adding 

tasks. Participate in the approval of processes, 

standards and use of tools. 
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Responsible for Processes and Quality (CPC) 

 

Keeps organizational processes and process 

assets up to date. Communicates changes and 

updated versions of processes to those involved. 

Facilitates training in the use of processes, 

formats and tools. Verifies compliance with 

organizational policies and processes. 

 

Auditor (AU) 

 

Knowledge of the different phases of project 

development and ability to verify the execution 

of processes in each of its stages. 

 

Measurement and Analysis (MA) 

 

Know and assess indicators associated with the 

development of projects that allow measuring 

their status. 

 

Configuration Management (CA) 

 

Knowledge and experience in managing version 

control and repository administration. 

 

Test Manager (PR) 

 

Knowledge and experience in planning and 

conducting integration and system tests. 

Responsible for Software Development and 

Maintenance (RDM). Management in project 

planning that consists of deploying the 

project/service plan, involving the actors 

appropriately, obtaining agreement on the plan 

and maintaining it, among the most important 

functions of this stage are the following: 

 

1. Estimation of attributes of tasks and 

work products 

2. Resource Determination 

3. Negotiation and validation of 

commitments 

4. Generation from plans, included andthe 

schedule 

5. Intification and analysis of risks to 

mitigation plans 

 

Measurement and Analysis (MA) 

 

The main function is to support the teams in 

critical success factors, maintain visibility of the 

use of resources, measure and report the 

efficiency of the processes relevant to the 

organization. 

 

 

Analyst (AN) 

 

The main function is the elicitation, specification 

and analysis of the requirements. 

 

Programmer (PR) 

 

The main function is programming, in some 

programming language, integration and unit 

tests. 

 

Designer (DI) 

 

The main function is design of the structure of 

software components. 

 

Responsible for Manuals (RM) 

 

Knowledge of drafting techniques and 

experience in software development and 

maintenance. 

 

Database Administrator (DBA) 

 

Knowledge in database administration. 

 

Client (CL) 

 

Interpretation of the requirements specification 

standard. 

 

Reviewer (RE) 

 

Knowledge of revision techniques and 

experience in software development and 

maintenance. 

 

User Interface Designer (DU) 

 

Knowledge in user interface design and 

ergonomic criteria. 

 

Maturity levels Maturity level 1 
 

At maturity level 1, processes are generally ad-

hoc and chaotic. The organization does not 

generally provide a stable environment to 

support the processes. Despite this chaos, 

maturity level 1 organizations often produce 

products and services that work; however, they 

frequently exceed their budgets and do not meet 

their schedules. 
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Maturity level 2: Managed 
 

At this level, the organization's projects have 

ensured that processes are planned and carried 

out according to policies; projects employ 

skilled personnel who have adequate resources 

to produce controlled results; involve relevant 

stakeholders; they are monitored, controlled and 

reviewed; and are evaluated for their adherence 

to their process descriptions. 

 

Maturity level 3: Defined 
 

Processes are well characterized and understood 

and are described in standards, procedures, tools 

and methods. The organization's set of standard 

processes, which is the foundation of maturity 

level 3, is established and improved over time. 

These standard processes are used to establish 

consistency throughout the organization. The 

projects establish their defined processes by 

adapting the set of standard processes of the 

organization according to the adaptation 

guidelines of "set of standard processes of the 

organization" 

 

Maturity level 4 
 

At this level, the organization and projects set 

quantitative targets for quality and process 

performance and use them as criteria in process 

management. Quantitative objectives are based 

on the needs of the customer, end users, 

organization and implementation of the process. 

Quality and process performance are understood 

in statistical terms and are managed over the life 

of the processes [SEI 2010]. 

 

Maturity level 5: In optimization 
 

An organization continually improves its 

processes based on a quantitative understanding 

of the common causes of variation inherent in 

the processes, this level focuses on continually 

improving process performance through 

incremental and innovative process and 

technology improvements. Quantitative process 

improvement objectives for an organization are 

established, continually revised to reflect 

changing business objectives, and used as 

criteria for managing process improvement. The 

effects of deployed processes are measured and 

evaluated against quantitative process 

improvement goals. Figure 6. 

 

 
 
Figure 6 

 

At level 2 there are seven process areas 

 

1. Management from rewants (REQM) 

2. Project Planning(PP) monitoring y 

cocontrol of project(PMC) 

3. Management from acsane con Suppliers 

(SAM) 

4. Management quantitative of the 

project(QPM) 

5. Risk management (RSKM) 

6. Configuration Management (CM) As 

shown in the following figure. 

 

 
 
Figure 7 

 

Relevant activities within each of the phases 
 

Pproject planning (PP) 
 

It resides in developing the project or service 

plan, involving the actors appropriately, 

obtaining agreement on the plan and maintaining 

it, within this phase the following should be 

covered at least:  
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Estimation of attributes of tasks and 

work products, determination of resources, 

determination of resources, negotiation and 

validation of commitments, generation of plans, 

including the schedule, identification and 

analysis of risks to mitigation plans as shown in 

figure 8. It began with the estimation of time to 

carry out the planning of material and human 

resources. Table 1 

 

 
 
Table 1 

 

Specification of requirements 
 

It consists of following the recommendations of 

the IEE-830 format in which it is used for the 

specification of customer requirements, 

specifying requirements (on site with the 

customer). Gorequirements specification 

verification, requirements specification 

correction, requirements specification 

validation/acceptance, develop traceability 

matrix, baseline requirements documents, 

requirements specification document delivery, 

also known as artifacts. Specifically, this 

document in a brief way, is made up of the 

following parts: 

 

IEEE 830 Requirements Specification 

 

1. Introduction. Context of the problem to 

solve. 

 

2. Propposite: This section defines the role 

or purpose of the requirements 

specification in the context of the general 

documentation. 

 

3. Scope: Refers to a brief description of the 

scope of the requirements specification; 

which project(s) are associated with it, 

and anything else that is affected or 

influenced by this document. 

 

Definitions, Acronyms and Abbreviations 

 

This section defines the definitions of all terms, 

acronyms, and abbreviations required to 

properly interpret the requirements 

specification. This information can be provided 

by reference to the organization's glossary. 

 

Audience 

 

This section identifies the specific intended 

audience for the requirements specification. For 

each of the participants, the levels of 

participation must be indicated. 

 

References 

 

This section has a complete list of all documents 

referenced anywhere in the document. Each 

document must be identified by title, report 

number (if applicable), date of publication, file 

that contains it, and organization that publishes 

it. Specify the sources from which the references 

were obtained. This information may be 

provided by reference to an appendix or other 

document. 

 

1. Presentation of the product 

2. System Purpose 

 

3. Objective:This section should 

indicate in a general way what is intended to be 

achieved with the development of the system. 

 

 

4. Scope: The functions that the 

system must perform are indicated in general 

terms. 

 

Does not include: This field is used to 

indicate some functional or non-functional 

aspects that you want to highlight, they will not 

be included in the product. The purpose of this 

section is to express issues that the product will 

not cover. 

 

Restrictions and assumptions: The 

objective of this section is to indicate any aspect 

that must be considered for development, which 

may affect compliance with the requirements, 

which is given from the business environment, 

or previously agreed upon. Fundamentally, 

political or legal issues in the organization's 

environment should be highlighted, which can 

affect the success of the project if they are not 

treated appropriately. 
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List of system functionality:This 

section provides an overview of system 

functionality. It is used by the person interested 

in the behavior of the system, such as: clients, 

architects, systems analysts, business process 

analysts, graphical user interface designers, test 

analysts, test case designers, administrators, etc. 

You must list for each use case: 

 

The use case number:It is a consecutive 

number, which is assigned as the functions of the 

system are identified and serves to facilitate their 

identification. 

 

The name of the use case:It must be a 

representative phrase of the functionality that 

this use case performs, the name must not be 

repeated. 

 

Priority: In this field, the use case must 

be categorized in relation to its importance in the 

context of the system that is being specified, a 

classification criterion could be: essential, 

desirable, useful. 

 

Essential: When the use case must be 

included in the system since it is essential to 

achieve the development objective. 

 

Useful: When the system works less 

efficiently if this use case is not added, that is, if 

the development objective is not included, it is 

achieved, but not optimally. 

 

Desirable: When the use case is not 

essential to the system but makes it somehow 

more attractive to users. 

 

Complexity:Here it is allowed to 

categorize the use cases according to their 

difficulty for development, the suggested values 

are: very simple, medium, complex, very 

complex; and they are determined based on two 

basic parameters, whether the use case has 

complicated interfaces or complicated 

calculations or a combination of both. 

 

Table 3 shows a part of the general 

description and list of the functionality of the 

system, in table no. 2 shows the use case 

diagram, Table no.2 

 

 
 
Table 2 

 

The following documents are other 

artifacts used in this phase. 

 

 Use case diagrams 

 List of actors 

 Product perspective 

 Domain model 

 Detailed description of requirements 

 Interface prototype 

 Business rules and functions 

 non-functional requirements 

 Interface requirements 

 Supplementary Specifications 

 

Project Management (PP PMC) 
 

Generates project plans, carries out monitoring 

and control activities including communication 

with the client, follows up on team activities, 

manages changes, checks that the activities 

associated with the Engineering cycle are carried 

out properly, verifies that activities related to 

product and process quality are carried out, 

follow up on costs, update risk status, coordinate 

mitigation activities, manage material and 

human resources, manage acquisitions for the 

project, follow up on training and development 

plans of human resources, carries out the follow-

up to the data planning to verify the security and 

reliability of the same, as shown in figure 9. 

 

 
 
Figure 8 
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Getion of requirements (RE REQM) 
 

In this phase, the analyst executes the analysis 

plan, to specify the functional and non-

functional requirements using representations 

such as prototypes, use cases or scenarios. It is 

also necessary to define the process for gathering 

requirements, control of changes, and 

documentation of the traceability matrix. As 

shown in the following figure 10. 

 

 
 
Figure 9 

 

Quality Assurance (PPQA) 
 

Quality plans and audit schedules are established 

for each of the processes, documentation 

functions and test execution are also 

coordinated. Figures 11. 

 

 
 
Figure 10 

 

Configuration tion (CM) 
 

In this stage, configuration management plans 

are made at the organizational level and at the 

project level, which manage the active work 

products of the process to integrate the baselines, 

physical audits, functional audits, change 

management of configuration items, and reports 

of condition. Figure 12. 

 

 

 
 
Figure 11 

 

Procurement Office (SAM) 
 

In this phase, procurement plans, agreements, 

contracts and their follow-up are established. In 

the definition phase, it is necessary to review the 

current procurement process and document it 

together with the applicable formats to carry out 

this management, such as lists of suppliers, 

inventories of assets or licenses, forms for 

purchase requests to evaluate suppliers, periodic 

progress reports on supplier performance and 

closing of acquisitions. 

 

Conclusion 
 

It must be remembered that the general approach 

of CMMI lies in the development of 

organizational processes that allow improving 

the development of products and services. In 

particular, level 2 has the essence of providing 

the foundations to manage under processes and 

the bases for their standardization. The final 

tangible results of the project were to document 

the specification of requirements that contains 

the description of use cases as well as the non-

functional and functional requirements that the 

project must meet, analysis and design: that it 

contains. 
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Abstract 

 

The forger microenterprises located in 

Ixmiquilpan have grown up considerably because 

of housing, stores, educational institutions or any 

other kind of construction requiring doors and 

windows to be installed, with the increase of work 

forgers need to speed up the process on the 

customer assistance. A software that can help to 

design the drafts and to register the request will be 

of great help to the forger microenterprises. To 

develop the system the scientific method will be 

used, through observation, introduction, 

hypothesis, experimentation and conclusions. As a 

result they will get a software which will help to 

design the customers' request and it will allow to 

register them automatically in a database. The 

system has a catalog that will store the produced 

designs, 

 

 

System, Design, Herreria, Deliverys, Software 

Resumen 

 

Las microempresas forjadoras ubicadas en 

Ixmiquilpan han crecido considerablemente 

debido a las viviendas, comercios, instituciones 

educativas o cualquier otro tipo de construcción 

que requiera la instalación de puertas y ventanas, 

con el aumento de trabajo los forjadores necesitan 

agilizar el proceso en la atención al cliente. Un 

software que pueda ayudar a diseñar los borradores 

y a registrar la solicitud será de gran ayuda para las 

microempresas de forja. Para desarrollar el sistema 

se utilizará el método científico, a través de la 

observación, introducción, hipótesis, 

experimentación y conclusiones. Como resultado 

se obtendrá un software que ayudará a diseñar las 

solicitudes de los clientes y permitirá registrarlas 

automáticamente en una base de datos. El sistema 

cuenta con un catálogo que almacenará los diseños 

producidos 
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Citation: MALDONADO-SANCHEZ, Marisol, MARTINEZ-MARTIN, Gloria, FLORES-LOPEZ, Mónica and 

ALAMILLA-CINTORA, Cuitlahuac. Local economic development in the mmicroenterprises blacksmiths with technological 

applications. Journal-Economic Systems. 2021. 5-8: 12-18 

 

 

 
 
 

 
 

 
 

 

† Researcher contributing as first author. 

 

 

 

© RINOE Journal-Cameroon                                                                                                      www.rinoe.org/cameroon     



13 

Article                                                                                                        Journal-Economic Systems 

        June, 2021 Vol.5 No.8 12-18 
 

 
ISSN 2523-6350 

RINOE® All rights reserved 
MALDONADO-SANCHEZ, Marisol, MARTINEZ-MARTIN, Gloria, 

FLORES-LOPEZ, Mónica and ALAMILLA-CINTORA, Cuitlahuac. 

Local economic development in the mmicroenterprises blacksmiths with 

technological applications. Journal-Economic Systems. 2021 

Introduction 
 

The Economic Censuses in Hidalgo offer 

information on multiple aspects of the economic 

units, among which manufacturing stands out, 

being the one that occurs most in the state with 

58.0% of men who work in it. (INEGI, 2014). 

 

To transform Mexico through the 

adoption of Information and Communication 

technologies, the impacts of Tic on GDP will 

help local economic development, a 10% 

increase in digitization in Mexico would have an 

impact of 59% on GDP. The transversal 

presence of the ICT industry in the rest of the 

industry makes it a strategic industry to boost 

competitiveness in the country. (Mexican 

Association of the Information Technology 

Industry, 2013). 

 

On the other hand, we have that labor is 

a niche of opportunity in different industrial 

sectors such as manufacturing. (Republic, 2014). 

In the State of Hgo. There are 2,713 students 

who are enrolled in engineering, manufacturing 

and construction, occupying the fifth place 

within the professions of the state. 

 

This data indicates that there will be a 

considerable number of people dedicated to 

manufacturing in the coming years in the state of 

Hidalgo (Statistical and Geographical Yearbook 

of Hidalgo 2014 / Instituto Nacional de, 2015). 

 

Therefore, it is necessary to integrate 

policies that promote local economic 

development, that materialize the promotion of 

entrepreneurship and the creation of 

manufacturing companies, as well as business 

grouping. (Competitiveness, 2014). 

 

The Technological Ranckin 2013 was 

found, shows the policies of science and 

technology and innovation PCTI and indicators 

of improvement to the states of the republic, 

finding indicators that in Hidalgo the training of 

human resources, improving scientific and 

innovative productivity, business infrastructure, 

and the economic and social environments, 

among others, with Hidalgo ranking 22nd out of 

the 32 entities, reason for carrying out 

technological applications that support science 

and technology and PCTI innovation policies 

and the indicators to create a state with greater 

technological coverage. (Technological, 2014). 

 

On the other hand we have that in 

Ixmiquilpan Hidalgo it has 86,366 inhabitants 

(INEGI, 2014), the number of people who are 

dedicated to economic activity in manufacturing 

is considerable. It has a gross domestic product 

of 21, 153,634, the Manufacture of metal 

products is 609 on a monthly average. That is 

equivalent to 1, 417 hours worked. 

 

Manufacturing is a prominent economic 

unit that represents a significant opportunity 

niche in Hidalgo. The interactive system for the 

design of doors and windows for micro-

enterprises Herreras is a technological tool for 

micro-enterprises that will contribute to making 

the work of manufacturing more efficient, 

 

It is of the utmost importance to support 

the processes in the Herrera microenterprises so 

that they fulfill their objective and contribute to 

economic development. The basic elements of 

local development initiatives are 1.- 

Mobilization and participation. The proactive 

attitude of the local government, the existence of 

local leadership teams, public-private 

cooperation, 

 

Preparation of a territorial strategy for 

development, promotion of microenterprises and 

SMEs and training of human resources 7.- 

coordination of programs and instruments for 

promotion, institutionality for local economic 

development. (Repositorio.cepal.org, 2015) For 

technological application, the existence of local 

leadership teams, public-private cooperation, 

elaboration of a territorial development strategy, 

promotion of microenterprises and SMEs, and 

training of human resources was counted, as 

shown to be lacking. The proactive attitude of 

the government 7.- Coordination of programs 

and development instruments, institutions for 

local economic development. 

 

The development of the system 

contributes to the innovative line of applied 

research and technological development of the 

educational program of Information and 

Communication Technologies of the 

Technological University of the Valle del 

Mezquital called ―Development, application 

and innovation through ICTs as a driving force 

for the progress of the region", allows the 

development of systems that contribute to the 

growth of the region, derived from this the 

"Technological application for the design of 

doors and windows for herrera microenterprises 

in the ixmquilpan area. 
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Which is aimed at the population 

dedicated to blacksmithing who require a tool. 

 

An investigation was carried out finding 

systems to make designs but their characteristics 

are not adaptable to micro-enterprises, the 

interfaces are not user-friendly, they do not 

consider new door and window designs, they do 

not contain catalogs showing the designs already 

made, they do not have the customer 

registration. The system offers window and door 

designs, customer registration and a catalogue. 

 

Methodology (development) 
 

The research was carried out with the scientific 

method since it is supported by two fundamental 

pillars, which is reproducibility, which is the 

ability to repeat an experiment based on the 

communication and publicity of the results. And 

reusability, (Descartes, 2013). The development 

of the work was considered a scientific method 

by carrying out the following: 

 

Observation where an investigation was 

carried out to analyze what could be the best 

options to solve this problem of the blacksmiths. 

 

In the study of art, applications that make 

designs and register them were analyzed, taking 

into account that most of the micro-enterprises 

found in the region do not have sufficient 

technology to make their products (EMIM, 

2014). 

 

Formulating the Hypothesis, the 

technological application for doors and windows 

will support the design of the products and the 

administration of orders and clients to improve 

their processes. 

 

The experimentation was carried out 

testing the application with the blacksmith 

microentrepreneurs who requested a series of 

changes such as the product catalog, and 

 

State of the art: an investigation of the 

systems that handle similar characteristics that 

are shown in the 

 

 

 
 
Table 1 Services and characteristics of the analyzed 

systems 

 

For this it was necessary to apply a 

mathematical algorithm that helped determine 

the number of people to survey. 

 

 
 

A survey and an interview were carried 

out with a sample of approximately 50 

microentrepreneurs between the ages of 30 and 

40, from the Ixmiquilpan region in order to 

identify the need for technological tools to 

support blacksmithing. 

 

This project was developed in 2012 as an 

initiative to contribute technologically in the 

Region and in the Herrera micro-enterprises. 

 

Information from the state yearbook of 

Hidalgo and the case of a blacksmith from El 

Roble located in Ixmiquilpan Hgo were 

considered. 

 

It is important to mention that a 

methodology in software development was also 

considered for this case, it is the life cycle of a 

software that consists of the following stages. 

 

Analysis of a software As a result we 

have in analysis of the surveys applied to the 50 

blacksmiths enchanting the following. 
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How long does it take to design your 

products? 

 

1. Analysis de un software 

2. Software design 

3. Software development  

4. Testing 

5. Implementation 

 

In the Analysis of a software, the 

administration of the clients was analyzed, how 

the following attributes were stored: name, 

surname, address, telephone, description of the 

requested design, advance payment, remaining 

and total cost of the blacksmithing to be carried 

out as well as the order date and the delivery 

date. In the design stage, the use case diagrams 

and activity diagram were made. 

 

In the development phase, the 

development tools to be used are Java, 

NetBeans, MSQL, Photoshop Paint. 

 

With the tests are desktop tests. 

 

In the implementation, the application to the 

Ixmiquilpan Hgo oak blacksmith shop was 

presented. And the application delivery letter 

was made to the oak blacksmith shop. 

 

Results 
 

A mathematical algorithm that allows us to 

delimit the size of the target population. 

 

 
 
Graphic 1 

 

According to the questionnaire applied, 

most blacksmiths take 4 to 8 days to design what 

their product is. 

 

Another question was: Do you have a 

catalog where the designed doors and windows 

are found? 

 
 
Graphic 2 

 

They have a catalog but it is not divided 

into sections which would help you better 

explain your work. The application classifies 

them the types of jobs. 

 

The majority of microentrepreneurs in 

the region are not so much into technology, but 

they agree to acquire software that supports them 

in their daily work and with this they can learn 

more about technology. 

 

Another question is If there was a 

software that allowed you to design your 

products, would you use it? 

 

 
 
Graphic 3 

 

They do not have a technological 

application but would like to have training and a 

technological tool that allows them to make their 

work mechanism more efficient. 

 

Another result is the modeling of the 

system shown in Figure 1. 
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Figure 1 Diagram of activity of the technological 

application for blacksmith shop el oak 

 

 
 
Figure 2 The use case diagram shows the actions of the 

system 

 

Another result was the technological 

application shown in figure 1 mapping of the 

technological application 

 

 
 

 
Figure 3 

 

 

System Number 
 

Home screen contains the main modules of the 

system, catalog, design and orders. 

 

 
 
Figure 4 System Menu 

 

Catalogue 
 

LIn the catalog window, the blacksmith places 

the description of each of the products, showing 

an image. 

 

 
 
Figure 5 

 

Design 
 

The design screen contains the tools to make 

freehand designs. 

 

 
 
Figure 6 Interface for freehand design 
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Record 
 

In the registration screen it is observed that the 

blacksmith will be able to store his orders from 

his clients. 

 

 
 
Figure 7 Rcustomer registration and orders 

 

Query 
 

On this screen, the blacksmith will make queries 

by first name, last name, order dates. 

 

 
 

 
 
Figure 8 

 

The test plan was carried out after its 

development to detect the improvements to the 

application, the module and the number are 

shown. test. As shown in Table 2 Test Plan 

 

 

 

 

 

 

 

 

N 

o. 

Module Responsable Faithcha Ttype of 

test 

Test 

cases 

1 Nnew 
record 

Benito 
Castillo 

Zuniga 

February 
27 

Database CP01 

2 Pesaid Benito 
Castillo 

Zuniga 

6/March or Fease of 
use 

CP02 

 
Table 2 Ptest lan 
 

An important result was the agreements 

with the herrera el oak microenterprise, the 

sessions of agreements on the design of the 

application, the evaluation of the application by 

the blacksmith. 

 

Conclusions 
 

Thes Information and communication 

technologies are a key element for the 

development and growth of microenterprises as 

a tool for technological development in 

processes that contribute to increasing levels of 

competitiveness and productivity. ICTs are of 

great importance in the business sector since 

they have achieved modernization according to 

the requirements demanded by society. 

 

There is still a long way to go to reach 

competitive levels, but to the extent that 

technology is implemented in blacksmiths, it 

will help local economic development. 

 

In the investigation carried out, it was 

detected that the degree of adoption of the use of 

ICTs in the blacksmithing micro-enterprises in 

Ixmiquilpan is null, due to the fact that 100% of 

the respondents consider necessary a 

technological tool that allows them to expand 

markets and increase their competitiveness and 

productivity. 

 

The application allows transforming the 

way blacksmiths work and gradually involves 

them in the use of ICTs when designing doors 

and windows, registering clients and having a 

digital catalog. 

 

The process is slow since it includes 

training and sensitivity in micro-enterprises to 

use technology in their processes. It is important 

to mention that it is planned to improve the 

design of doors and windows by implementing 

3D image modeling and design software, with 

display, animation and rendering modes, 
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The application will be in charge of the 

El Roble ironworks with the agreement to make 

improvements, it is considered as future work to 

measure its performance 
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Abstract 

 
This paper provides results of an investigation into 

the company engaged in mineral drilling in 2012-

2013. The applied research project was the 

implementation of an operating system based on the 

Total Productive Maintenance (TPM) for the 

Maintenance Department as a pilot taking the 

machinery used to mine are boring. The 

implementation of TPM was using troubleshooting 

techniques, program improvement in the operation 

area, implementation, analysis of results, achieving 

an increased level of reliability and availability of 

equipment, thus increasing the useful life of 

machinery. 

 
 
PM (operating system based on Total Productive 

Maintenance), Gantt Chart, Checklist, 5 "S" 

stand by (standby) 

Resumen 
 

En este trabajo se presentan los resultados de una 

investigación realizada en la empresa dedicada a la 

perforación de minerales en 2012-2013. El proyecto 

de investigación aplicada fue la implementación de 

un sistema operativo basado en el Mantenimiento 

Productivo Total (TPM) para el Departamento de 

Mantenimiento como piloto tomando como base la 

maquinaria utilizada para la perforación minera. La 

implementación del TPM fue utilizando técnicas de 

solución de problemas, programa de mejora en el 

área de operación, implementación, análisis de 

resultados, logrando incrementar el nivel de 

confiabilidad y disponibilidad de los equipos, 

aumentando así la vida útil de la maquinaria. 

 

PM (sistema operativo basado en el 

Mantenimiento Productivo Total), Diagrama de 

Gantt, Lista de Comprobación, 5 "S" stand by (en 

espera) 
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Introduction 
 

The purpose of the article is to show the results 

of the implementation of the TPM (Operation 

System based on Total Productive Maintenance) 

and meet the objective of improving the 

productivity of an area in the company dedicated 

to mining drilling, specifically in the 

Maintenance department. , based on a diagnostic 

methodology using fault detection techniques, 

improvement proposal and results of the 

application of the TPM technique, using a pilot 

test on four mining drills. Once the TPM actions 

have been implemented in the maintenance area 

of the mine drilling machines, a notable 

improvement can be seen in the number of 

failures. The reasons that motivated the 

investigation was the request of the company to 

improve the productivity of the Maintenance 

area. 

 

Development Materials and methods 
 

The Implementation of the TPM is a process that 

must be given maximum attention and seek the 

best possible advice Casanova (2012), since it is 

a long-term program of 3 to 5 years, in which a 

very high effort will be invested, not only of the 

managers, Benítez (1998), but of all the staff. 

The study carried out in the company dedicated 

to mining drilling is based on a pilot test where 

TPM was implemented over a period of 6 

months in the maintenance department of mine 

drilling machines. The methodology applied to 

carry out this study is presented below: 

 

a) Tourgone by areas:Using 

observation techniques, verification sheet, 

photographs and video. 

 

b) Interview with Maintenance 

Manager: A discussion was held with the 

person in charge of the maintenance area, who 

expressed his expectations regarding the project 

that would be useful to them, stating that they 

were interested in having an operating system 

that would ensure greater efficiency and 

productivity in their daily work, which is why It 

was determined that an Efficiency Diagnosis for 

the Maintenance Department based on TPM and 

its implementation would be a project that would 

achieve the objective of detecting possible 

anomalies that were reducing the productivity of 

this area and would improve its efficiency. 

 

 

 

c) Diagnosis of the current situation. 

All pertinent information about the operation of 

the Maintenance Department was collected for 

the detection of areas of opportunity. 

 

The following areas of opportunity were 

found, which are described below: 

 

a) The continuous progress of vehicle technology 

as well as technical maintenance processes have 

required this department to develop, which, 

however, is not up to the task. In line with 

modern requirements, the key point is that 

maintenance has not been properly managed to 

extend the useful life of the units, allowing a 

reduction in maintenance costs, improvement 

and modernization of its facilities, training plans 

and updating of knowledge in workers and 

others. 

 

 

b) Stoppages in the processes, increases in cos of 

maintenance, its processes require excessive 

effort, it is inadequately organized the tools, 

their sections are not delimited, their workplaces 

are inadequate, the installed capacity is partially 

used, there is no culture of order as well as lack 

of interest on the part of those who make it 

possible to carry out maintenance activities 

(Figure 1 ) 

 

 
 
Figure 1 Accumulation of material and undefined areas in 

the workshop 

 

 

 

 

 

c) It was surveyed to collect information on the 

current state of the maintenance department, 

which is aimed at the personnel involved in 
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maintenance, which included 10 people, 9 

technicians and a manager, see Annex 1: Table 

1. 

 

Once the different sources of information 

on the current situation have been reviewed, the 

following is summarized: 

 

 The mission, vision and objectives of the 

workshop are not defined. 

 There is no adequate maintenance plan. 

 Thes tools and equipment are out of date 

and increase downtime. 

 The organization of tools and equipment 

is not adequate. 

 The technical information that is available is 

acceptable, however it must be kept up to date. 

 There is no use of any security policy for the 

worker, he does not have security accessories, 

signage, among others; resulting in problems 

that will be reflected over time in the worker's 

health, in addition, a plan for environmental care 

is not managed in which the collection, 

classification and treatment of solid, liquid and 

polluting material is contemplated. 

 

d) DTPM implementation proposal design based 

on pilot test.Making a proposal for the 

Implementation of the TPM, before the 

Directors from the andcompany for his 

toprobation, 

 

TPM implementation 
 

The phases that were followed for the 

implementation of the TPM in the company's 

Maintenance department are presented below: 

 

1. Preparation: The Management 

announces and trains its staff and creates 

a promotion organization, establishing 

policies and objectives, as well as 

designing the TPM Master Plan 

(duration: 2 weeks). 

 

2. Introduction: The official launch of the 

project is made, the planning carried out 

is reported (duration: 1 week). 

 

 

3. Implantation: Implement programs and 

activities to make production more 

efficient: Training and qualification 

required by personnel in maintenance, 

equipment operation. Each of the stages 

of the TPM program (Autonomous 

Maintenance supported by the 5's 

technique) is implemented. 

 

With a pilot test focusing on the 

maintenance of four mine drills, carrying out 

activities such as registration and maintenance 

indicators, failure analysis, fish diagram, failure 

frequency, average operating rate of the drills, 

performance (duration: 20 weeks). 

 

Consolidation 

 

Details are fine-tuned and higher and higher 

goals are considered, improvements are made in 

work and equipment maintenance procedures 

(duration: 1 week and constant monitoring). 

 

Implementation of the 5S quality 

methodology, as part of Autonomous 

Maintenance 
 

SEIRI- Classify 
 

Procedure: the first step to be followed by all 

personnel in each of their areas is the 

classification of all accessories (tools, 

equipment and supplies) in a rational manner. 

They must classify according to the following: 

 

 Classification from accessories from 

frequent use 

 Classification of accessories of not very 

frequent use. 

 Classification of accessories of 

infrequent use. 

 

Another way that is recommended is a 

red card (expulsion) is placed on each item that 

is considered not necessary for the operation. 

Next, these items are taken to a temporary 

storage area. Later, if they were confirmed to be 

unnecessary, these will be divided into two 

classes, the ones that are usable for another 

operation, and the useless ones that will be 

discarded. This sorting step is a great way to free 

up floor space by getting rid of things like: 

broken tools, outdated fixtures or tools, offcuts, 

and excess raw materials. This step also helps 

eliminate the "just in case" mentality. 

SEITON- Order 
 

Accessories that are frequently used in the 

workplace begin to be sorted, accessories that 

are not used very frequently in a place that is not 

far away but that does not interfere with work 

processes. 
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  And accessories that are not frequently 

used will be recycled or discarded. According to 

the following considerations: 

 

 Delimit sections in the respective area: 

painting from floors delimiting 

 

SEISO- Clean 
 

Once classified and ordered, the oil, air, 

refrigerant leaks, parts with excessive vibration 

or temperature, risks of contamination, fatigued, 

deformed, broken parts, misalignment are 

detected. 

 

These elements, when not taken care of, can 

lead to equipment failure and production losses, 

factors that affect the company's profits. 

 

SEIKETSU- Standardization 
 

Once the three stages have been approved, 

operational rules or standards are established in 

order to guarantee uniformity in the results. 

 

SHITSUKE- Discipline 
 

Discipline must exist and must be maintained by 

all personnel, by disciplining the personnel it 

will be possible without any effort to keep the 

facilities tidy, organized and clean; seeking to 

achieve higher standards in daily work. 

 

I know recommends that the andemployees 

perform the following routine, see Table 2: 

 

 To work con the right clothing strict 

cleaning of the entire place, it should be noted 

that this stage is more of an inspection that is 

linked to the first two activities. You bebenefits 

from perform a good housekeeping and 

maintaining it is: 

 

 Problems that were previously hidden by 

clutter and dirt become apparent at the start of 

the day cleaning of the area. 

 

 
 
Table 2 Standard activities for staff 

 

Results 
 

The results derived from the implementation of 

the TPM system in the maintenance department 

of a company dedicated to mining drilling are 

presented below, taking four mining drilling 

machines as a pilot test, during an 

implementation period of six months, Table 3: 

 
Iindicator Before TPM With TPM 

Number of 

faults 

30 20 

Ffrequency of 

faults 

0.020 .010 

Cup of 

average drill operation 

50 % 95% 

Performance 60% 90% 

 
Table 3 Team effectiveness 

 

Drilling machines 

 

As seen in table 3, where mechanical availability 

can be seen, it corresponds to the percentage of 

time in which the equipment is available to 

operate and perform the function for which it is 

designed, in relation to the total time. According 

to this concept, it can be seen that before the 

implementation of TPM there were failures that 

did not allow the equipment to be in ideal 

conditions for its work, so the plant obtained an 

average availability of 50%. Once the TPM 

actions have been implemented in the mine 

drilling machine maintenance area, a notable 

improvement can be seen in the number of 

failures from 30 to 20, the frequency of 

decreased to 0.010, the same happened for the 

operation rate whose index improved from 50% 

to 95%, with an average return that went from 

60% to 90%. The foregoing results in greater 

reliability and availability in the equipment and 

an increase in useful life. 
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Percentage distribution of times. The 

percentage distribution of times is shown below, 

where you can see the hours dedicated to: 

preventive maintenance, repair, operation and 

standby. Regarding the distribution of the time 

of the drillers before TPM, an average of 50% of 

hours in an 8-hour day was notably detected. 

Concentrates on Maintenance, repair and 

standby, with a percentage of 50% of the time 

spent on the operation of the machines.  

 

In graph 2, it can be seen that when the 

TPM is implemented in a period of six months 

as a pilot test in the maintenance area, taking 

specifically the case of drilling rigs for mines, 

there is a notable improvement in the 

distribution of times dedicated to Repair, 

Maintenance and Standby for the 

aforementioned equipment, achieving a 35% 

increase in the average operating time of the 

drilling machines. 

 

Kunio Shirose (2010), where he talks 

about the importance of the operators for the 

success in the implementation of the TPM. The 

equipment subjected to TPM increased its 

performance by 35%, correcting any anomaly 

found. Adaptations were also made with 

modifications mainly suggested by the operator 

and production supervisors, analyzed and 

approved by the work team as a whole. These 

modifications not only improved the efficiency 

of the machine itself, but also the area as a 

whole.  

 

The control of the Global Effectiveness 

of the Equipment, allowed to identify the type of 

loss that affects the effectiveness of the 

machines allowing to attack the causes and solve 

the problems increasing the productivity. The 

TPM is not intended to be the solution to all the 

problems of the company, it is not the magic 

medicine that will fix everything. However, it 

managed to maximize the overall effectiveness 

of the equipment, minimize some losses and 

therefore help reduce costs that are caused by 

losses, stoppages, inefficient work, etc. Which 

will translate into profit for the company and all 

its ccollaborators. 

 

 

 

 

 

 

 

 

 
 
Graphic 2 Percentage distribution of times for drills after 

TPM 

 

Discussion. After six months of 

implementation of the TPM technique, there is a 

true commitment on the part of the company 

towards continuous improvement, together with 

the employees in the punctual follow-up of the 

strategies proposed as a solution. The 

implementation of the TPM helped the operators 

to support them with suggestions to improve the 

operating conditions, safety and maintenance of 

the equipment, as it handles it. 

 

The support of the Management is of 

vital importance for the development of the 

project. Without this support, the success of the 

program is not assured, it is one of the 

cornerstones to bring the project to a successful 

conclusion, ideas also handled in the work of 

Casanova (2012), where he expresses himself 

about having a decisive commitment on the part 

of the company directors. The participation of all 

personnel and their training is essential so that 

the and company get ahead. It should be 

remembered that a company is made up of all the 

people who work within it, so if you want the 

company to grow, all its staff must grow 

according to Álvarez (2008). 

 

Gratitude 
 

We appreciate the support and facilities 

provided by the company to carry out the project 

consisting of the TPM implementation pilot test 

in the Maintenance department. 

 

Conclusions 
 

At the end of the implementation of the TPM 

technique in the maintenance department of this 

company, the following is concluded: 
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a. The Department will have a more solid 

organizational structure that will provide 

support to provide a better service to the 

areas that make up the company, who 

request its services. 

 

b. A systematic approach to identifying 

areas of opportunity that aids in the 

development and implementation of 

continuous improvement plans. 

 

c. It was possible to maximize the 

effectiveness of the equipment, 

minimizing failures and thereby 

improving their profitability. 

 

d. Better communication between the 

members of the work team and other 

departments, through the 

implementation of procedures that 

guarantee obtaining the level of 

satisfaction of internal customers. 

 

e. The constant training of human resources 

is recommended, since it is a 

fundamental piece for the success and 

maintenance of the achievements 

obtained. 
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Abstract 
 

The current document describes the design and 

implementation of a methodology to elaborate 

electrical energy diagnostics. The sequence to perform 

a correct energy study is to initiate with a diagnostic 

type one and if necessary, continue with types two 

and/or three. What is not entirely clear, are the steps to 

follow in each of them. For the design, it has been made 

a literature analysis, energy management systems and 

policy. The methodology named DESMB consists of 

two phases, two flowcharts that explain the steps to 

follow and 14 formats that are evidence of energy 

diagnostic (ED). The implementation was made in a 

rate 2 commercial electric system (ES) rate 2. After the 

application of phase one, 10 problems were obtained, 

which led to the performance of phase two, where 

measurements were made for a 10 days period. The 

information obtained on this phase allowed to 

determine two opportunity fields: electric installation 

and illumination. The DESMB made it possible to 

systematize and standardize the activities to execute in 

the ES and they have been documented as evidence that 

facilitate the identification of potential saving areas of 

energy and cost. 

 

 

Energy Diagnostics, Energy efficiency, DESMG 

 

 

Resumen 
 

El presente documento describe el diseño e 

implementación de una metodología para elaborar 

diagnósticos de energía eléctrica. La secuencia para 

realizar un correcto estudio energético es iniciar con un 

diagnóstico tipo uno y si es necesario, continuar con los 

tipos dos y/o tres. Lo que no está del todo claro, son los 

pasos a seguir en cada uno de ellos. Para el diseño, se 

ha realizado un análisis bibliográfico, de los sistemas 

de gestión de la energía y de la política. La metodología 

denominada DESMB consta de dos fases, dos 

diagramas de flujo que explican los pasos a seguir y 14 

formatos que son pruebas de diagnóstico energético 

(ED). La aplicación se realizó en un sistema eléctrico 

comercial (ES) de tarifa 2. Después de la aplicación de 

la fase uno, se obtuvieron 10 problemas, lo que llevó a 

la realización de la fase dos, donde se hicieron 

mediciones durante un período de 10 días. La 

información obtenida en esta fase permitió determinar 

dos campos de oportunidad: instalación eléctrica e 

iluminación. El DESMB permitió sistematizar y 

estandarizar las actividades a ejecutar en el ES y se han 

documentado como evidencias que facilitan la 

identificación de áreas potenciales de ahorro de energía 

y costo. 

 

Diagnóstico energético, Eficiencia energética, 

DESMG 
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Introduction 
 

For the majority of the productive sector, saving 

energy in all its manifestations is a very 

important goal in its development. 

 

In Central America, the production per 

unit of energy (energy index), is high compared 

to the respective values of industrialized 

countries, improving these indexes depends on 

the efficient use of energy in production 

processes (FIDE, 2010). 

 

Within the various manifestations of 

energy, without a doubt, electricity is one of the 

most used, there are currently various strategies 

and mechanisms to achieve the precious saving 

of electrical energy, such as: the implementation 

of electrical energy generation systems other 

than such as cogeneration from residual thermal 

energy from the process itself, the installation of 

renewable energy systems isolated or 

interconnected to the grid and, in recent years, 

energy management systems such as ISO 50001. 

 

Whatever the activity that you want to 

implement to save energy, it is necessary to 

identify and characterize the current state of the 

electrical system, this is done through an energy 

diagnosis (DE). 

 

The ED is the core part of any energy 

saving and efficiency (EE) project, since it will 

allow identifying areas with and without 

problems, danger zones or some risk, and areas 

of opportunity to generate potential savings, as 

well as determining improvements in the 

electrical installations and processes. 

 

The typology of the EDs is divided 

according to the degree of complexity and depth 

of the analysis of the electrical system, there are 

three types of diagnoses: the first degree or level 

one energy diagnosis (DEN 1) which is basically 

a preliminary collection of information to 

through a visual inspection and/or interviews 

with those in charge of various areas in order to 

identify evident sources of some possible 

improvement in the use of energy; the second 

degree or level two energy diagnosis (DEN 2) is 

a continuation of DEN 1, in this diagnosis the 

energy flows are analyzed in depth through 

measurements with basic equipment 

(multimeters, lux meters, etc.) and implies the 

investment of time and money; 

 

It is clear that the sequence to follow to 

carry out a correct energy study is to start with a 

type one diagnosis and, if necessary, continue 

with type two and/or three, but what is not 

entirely clear are the steps to follow within each 

one of the diagnoses, what do I observe and what 

do I ask in DEN 1?, within DEN 2: what do I 

measure?, where do I measure it?, what?How 

long do I measure it? Likewise, another even 

more complex question arises, how do I 

determine whether to go from one diagnosis to 

another? That is, based on what do I determine 

if the energy efficiency project is solidly 

supported with only a DEN 1 or if it is necessary 

to carry out a DEN 2 or if it is necessary to invest 

a greater amount of time and money in a DEN 3. 

 

Although the answer to each of these 

questions may depend on the expertise, 

experience, mastery of regulations and 

knowledge on energy topics of each specialist, it 

is necessary to follow a path that facilitates the 

transition towards the identification of areas of 

opportunity for energy and economic savings. 

The objective of this research is to design a 

methodology for the elaboration of energy 

diagnoses with emphasis on electrical topics to 

implement it in a productive system. The article 

is divided into three sections: background; 

where a review of the existing literature is 

carried out on the subject of energy diagnoses, 

development; in which the way in which the 

methodology called DESMB was structured and 

finally the results obtained after the 

implementation of the methodology in a 

productive system with rate 2 is explained in 

detail. 

 

Background 
 

Energy Efficiency Projects (EE), energy saving, 

efficient use of energy exist wholesale and the 

way to carry them out is equally enough, some 

of them do not make clear the way in which the 

saving opportunity area was determined and 

others follow a certain methodology. In the 

article called "Analysis of the energy efficiency 

of the Spanish industry and its saving potential" 

it intends to achieve two objectives, the first of 

which is to obtain the conditioned demands of 

the factors that participate in the productive 

process of the companies, to later calculate for 

each factor the different measures of economic 

efficiency, focusing the analysis on the optimal 

use of energy factors (Aranda, Scarpellini, & 

Feijoó, 2003). 
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The second objective is to carry out 

Energy Diagnoses (DE) for companies, which 

follows a methodology divided into five phases: 

 

 Selection of sectors and subsectors under 

study. 

 

 Selection of entities to be analyzed 

within said sectors and subsectors. 

 

 Measures to be analyzed in each entity 

studied. 

 

 Mode of relation of diagnoses to said 

entities. 

 

 Extrapolation of the results of the 

diagnoses of the industrial sector. 

 

The results obtained for the second 

objective were the detection of areas of 

opportunity in thermal and electrical savings in 

three sectors: metal, chemical and agri-food 

(Aranda, Scarpellini, & Feijoó, 2003). 

 

On the other hand, Morato (2009) 

presents his article "Reduction of electrical 

energy expenditure using six sigma" in which he 

illustrates an example of application of the Six 

Sigma methodology in energy management 

models for the Reduction of Electrical Energy 

Expenditure in a park. industrial. 

 

This article explains how to apply the 

DMAIC troubleshooting methodology: Define, 

Measure, Analyze, Improve and Control. Within 

the Definition stage, the project is focused from 

the basic equation to solve problems from Six 

Sigma: Y= f(x), where Y is the dependent 

variable and X the independent variable, in the 

case of the energy project Y is the consumption 

(kw/h) and the independent variables were 

declared through different discussions of the 

work team defining the following: motors, 

power factor, lighting, thermal applications, 

distribution systems and operational 

management (Orozco, 2009). 

 

The article "Development of an energy 

study in the water system of the CEMONOSA 

company" exposes an energy study with the 

intention of identifying the areas of opportunity 

for saving electrical energy and undertaking 

control actions.  

 

This article presents a methodology to 

develop an ED that is based on the structure 

followed in energy saving projects, which 

implicitly contemplates basic methodologies in 

the development of investment projects, which 

include planning, organization, direction and 

control. The steps to follow within this 

methodology are the following (Cázares, A., & 

Ybarra, 2005): 

 

1. Diagnostic planning 

2. Data collection and review 

3. Supplement preparatory work 

4. Field work and measurements 

5. Systematization and data analysis 

6. SDIntification and analysis of 

opportunities and energy saving 

measures 

7. Elaboration of conclusions with the staff of the 

company 

8. Preparation of the final report (Cázares, 

A., & Ybarra, 2005). 

 

In the same tenor, the article 

"Development and implementation of strategies 

focused on the reduction of electrical energy 

consumption in a brewing company" is 

presented, showing the development and 

implementation of the main strategies for the 

efficient use of electrical energy in a brewing 

industry, as a result After carrying out an ED, the 

proposed methodology basically consists of two 

stages: first, the main electrical energy-

consuming equipment in the plant was identified 

and later, technically and economically viable 

solutions were developed to make the use of 

electrical energy more efficient (Caravantes , 

López, Velázquez, & López, 2005). 

 

The methodology proposed in this study 

is as follows: 

 

1. Collection of basic information and general 

inventory of the facilities. 

 

2. Prepare energy balances. 

 

3. Determine the incidence of the energy 

consumption of each piece of equipment or 

group of equipment in the total energy 

consumption and therefore in the total cost. 

 

4. Obtain energy consumption rates. 

 

 

 

5. Determine the potential for energy savings by 
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equipment, areas or cost centers, through a 

detailed technical evaluation in the different 

fields. 

 

6. SD Identify appropriate energy saving 

measures. 

 

7. Evaluation of energy savings in terms of costs 

(Caravantes, López, Velázquez, & López, 

2005). 

 

The regulatory aspect in our country is 

represented by the Secretary of Energy 

(SENER) through the National Commission for 

the Efficient Use of Energy (CONUEE), which 

in its manual for the implementation of an 

Energy Management System ( SGEN) embodies 

a methodology to achieve continuous 

improvement of energy performance in 

organizations in a cost-effective way (Abel 

Hernández Pineda, 2014). 

 

The methodology for the design and 

implementation of an SGEN proposes eight 

stages that are shown in Figure 1. 

 

 
 
Figure 1 Stages for the design and implementation of 

SGEN (Abel Hernández Pineda, 2014) 

 

Within stage 2 "Evaluate energy 

performance" the uses that are given to energy, 

the way in which it is consumed, the energy 

intensity and the measures available to promote 

efficiency and energy saving are considered, that 

is, the energy diagnosis. 

 

 

On the other hand, the European 

regulation UNE 216501 on Energy Auditing, 

which aims to: obtain reliable knowledge of 

energy consumption, identify and characterize 

the factors that affect energy consumption and 

detect and evaluate the different saving 

opportunities and their impact on cost. energy, 

proposes a methodology that consists of 

(Sánchez, 2010): 

 

1. Generalities 

 

2. State of the facilities. 

a. Analysis from the energy supplies. 

b. Analysis from the processes of production. 

c. Analysis from the horizontal technologies and 

services. 

d. Measurement and data 

collection. 

 

3. Realization from a cenergy accounting. 

 

4. Analysis of improvement proposals. 

a. Development of improvements. 

b. Concatenation of improvements. 

c. Recommendations and good 

practices. 

 

Said standard has a direct relationship 

and predecessor of another standard, the UNE-

EN16001 SGE, the following figure shows it: 

 

 
 
Figure 2 Relationship between UNE 216501 and UNE-

EN16001 (Sánchez, 2010) 

 

Developing 
 

As analyzed in the previous section, energy 

studies are made up of a series of sequenced 

steps, this project focuses only on one part that 

we consider essential to achieve energy savings, 

the DE. 
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Figure 3 Scheme of energy saving project  

Own Elaboration 

 

IDESMB methodology for the elaboration of 

Energy Diagnoses 
 

The DESMB methodology was carried out 

covering the various guidelines set by 

organizations such as CONUEE and SENER 

and based on the following Official Mexican 

Standards (NOM): 

 

A correctly carried out DE will allow, in 

the first instance, to characterize the electrical 

system (ES) and later to determine the problems 

that will become an area of opportunity, then the 

possible solutions will be analyzed and when 

they are implemented, the energy and economic 

savings obtained will be determined, the Figure 

3 shows a diagram of what we consider an 

energy saving project. 

 

 
 
Figure 4 Standards involved in DESMB Met 

 

The methodology is organized by three 

stages structured by flowcharts (DF) that allow 

the student to follow a sequence of activities and 

14 formats that will provide the student with 

evidence and truth to the results. 

 

The first stage, which represents a time 

of approximately two days, corresponds to DEN 

1 itself, which has eight formats that lead the 

student to a general characterization of the SE 

and its consumption through a visual inspection, 

later, when analyzing the information, it is 

determined the problem presented by the 

installation or decide whether to go to stage 2. 

 

If you follow the second alternative 

(DEN 2) is carried out in a time of 10 to 15 days, 

consists of a DF and six formats, within this 

stage measurements of the variables found in 

stage 1 will be made and these will depend on 

the instrumentation that is available. When 

analyzing the information, it is determined if 

there are arguments to declare a problem or 

decide to carry out a DEN 3, which is carried out 

in the same way as DEN 2 but with a duration of 

30 to 90 days of analysis. Figure 5 and 6 show 

the DF of each stage. 

 

 
 
Figure 5 Flowchart stage 1 DESMB methodology  

Own Elaboration 
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Figure 6 Flowchart stage 2 DESMB methodology  

Own Elaboration 

 

Results 
 

To determine the results of the DESMB 

methodology, it was given to a group of students 

in the fifth semester of the Renewable Energies 

specialty for its implementation within an 

energy saving project in an electrical system of 

a Rectifier. 

 

After the application of stage 1, the team 

obtained 10 problems when analyzing this 

information, the team decided to go to stage 2 of 

the methodology and perform measurements of 

electrical parameters for a period of 10 days. "In 

the diagnosis it was observed that the electrical 

installation of the grinding machine is not in 

good condition, nor is it safe because machines 

are presented without connection pins, there are 

no splices in the main cabinets, the lighting does 

not comply with regulations current. 

 

For this, a diagnosis 2 will be carried out 

in order to find the specific problem that the 

premises present.” When analyzing the 

information obtained in stage 2, the team was 

able to declare the problem to be solved, which 

focused on two relevant points: electrical 

installation and lighting. 

 

 

Conclusions 
 

The implementation of the methodology 

provided the student with a clear path about the 

activities that should be carried out within the 

SE, it generated in the student a feeling of 

security since their proposals and assertions 

were supported by a series of documented 

evidence in 14 formats that in the end they would 

be useful for the preparation of your technical 

report. 
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