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Abstract—Given the current needs of sustainability raised in 

different forums since the Rio Earth Summit this project is 

introduced with the explanation of the antecedents, describing the 

development of the manufacturing companies in this city, as well 

as the adoption by these companies of the term of sustainable 

development; The second part presents the problem statement, 

which briefly describes how manufacturing companies and their 

practices are involved in environmental protection as well as the 

objectives and hypotheses with which it is intended to solve this 

problem, the justification for the project based on the little 

information related to environmental management and 

sustainability practices in manufacturing companies Ciudad 

Juarez, as well as the scope and definition of the investigation is 

presented, in the third part, describes methods and materials for 

validation; and finally the results obtained of validation.  
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I. INTRODUCTION 

Since the Brundtland Report of the World Commission on 
Environment and Development  [1], the concept of sustainable 
development has developed and recognized the management of 
environmental practices is a way to achieve sustainable 
manufacturing [2] [3] [4] [5], for this reason, this research 
propose study the management of sustainable practices in 
manufacturing SME in Ciudad Juárez and the impact they have 
on environmental protection. The relevance of this research lies 
in the little information that exists in the field of sustainable 
development management, specifically in this city, as that 
impact on society. 

II. BACKGROUND 

A. Mexico's response and Juarez City 

The drive for sustainable development is based on the 
definition of this concept offered by the World Commission on 
Environment and Development in the report Our Common 
Future in 1987, Since then, there has been a process of relevant 
agreements and conferences; Rio de Janeiro Conference in 1992, 
Founex Reports, Agenda 21, Rio + 20 Conference in 2012, 
Kyoto Protocol to mention some [6] [7] [8] [9] [10]. Mexico's 
response to environmental problems and needs was reflected in 
the creation of the Federal Environmental Protection Agency 
(PROFEPA) and the National Environmental Audit Program 
(PNAA) in 1992, but it was not until 1994 that it developed and 
approved the General Law for Environmental Equilibrium And 

Environmental Protection, currently headed by the Secretariat of 
Environment and Natural Resources [11], institutions that 
protect the environment, and which are part of the councils and 
agencies that direct their efforts to avoid contamination. 

Currently in the manufacturing companies, the Clean 
Industry certification is processed, which promotes the 
management of sustainable practices to obtain this certification 
[12]. This is based on the regulations of the General Law on 
Equilibrium and Protection in the area of self-regularization and 
environmental audits, which in 2014 approved the criteria 
established in the guidelines for the correct application of 
Mexican Standard NMX-AA-162 -SC-FI-2012 in the field of 
environmental audits [13]. Due to the high presence of 
manufacturing companies in Juárez City, sustainable practices 
are highly relevant [14] [15], However, despite its importance, 
there is still no comprehensive and clear information on this 
subject. 

Particularly because in recent years it has increased the 
pressure on manufacturing companies to think beyond the 
economic benefits and also consider the social and 
environmental effects [16] [17]. For this reason, companies need 
improvements to increase efficiency and reduce waste 
generation [18] [19] [20], as well as reducing pollution [21]. 
However, to date there is no accurate information on the 
practices that are carried out to guide the production processes 
of companies towards cleaner production and sustainability.  

B. Problem Statement 

Juárez City, it is a border municipality that counts on a total 
of 1,391,180 inhabitants according to [22] and it is one of the 
most populated municipalities in Mexico and has been 
characterized by the activity of manufacturing companies. Due 
to the importance of manufacturing companies in this city it is 
necessary to create an environmental conscience, for which the 
companies must understand and standardize many practices, 
everything necessary for the reuse, recycling and to diminish the 
contamination, without losing the importance of financial 
performance. To finally achieve ISO 14001 certification [23] 
and Clean Industry [24]. 

According to the study of the programs for environmental 
care in the maquiladoras certified in ISO 14001 of Ciudad 
Juárez, 97% of the companies considered their concern for the 
care of the environment and the remaining 3% estimated that 
their concern [25]  this supposes the high degree of commitment 
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that the certified companies have for the environmental care. In 
this sense, the issue of sustainable development in 
manufacturing enterprises and is taken in parallel to economic 
development [26]. This is due to the fact that for many years the 
excessive use of natural resources, without sustainable 
management, generated a serious environmental deterioration, 
as is the case of some companies such as ASARFO, FLOUREX 
and Candados Presto poured contaminants [27] . In addition, 
solid waste management is seen by two different perspectives, 
1) as a pollution problem, 2) as a new economic activity. The 
pollution problem in "Ciudad Juárez is 1 416.76 tons of solid 
waste per day" [28]. Which mostly go directly to the sanitary 
warehouses, implying the activity of solid waste management by 
the manufacturing companies. The other perception of economic 
activity is the recycling of these solid waste that generate 
economic inputs to manufacturing companies, currently in 
Juarez City there are 37 recycling companies according to 
SEMARNAT [29], which work with the manufacturing 
companies in this city for the collection and transformation of 
waste which is part of sustainability development. 

The scenario described enunciates the participation of 
manufacturing companies in the generation of pollution in 
Juárez City, manifesting the need to evaluate the management of 
the sustainable practices they perform, because lack of empirical 
evidence of these, as well as an analysis of which are susceptible 
an application. However, in addition to the lack of information 
and although isolated actions exist today, there is no 
methodology for the adoption of sustainable strategies to 
establish clean production processes carrying to sustainable 
manufacturing. 

 

C. Aims/Objectives 

Design a methodology for the adoption and management of 
sustainable strategies and the transformation towards cleaner 
production processes of manufacturing SMEs in Juarez City. 

Specifics 

 Design a tool that can measure the practices of 
manufacturing SME. 

 Evaluate the management of sustainable practices in 
manufacturing SME.  

 Analyze sustainable practices within SME 
manufacturing companies. 

 Examine the legal aspect related to sustainable practices 
in manufacturing companies. 

 Design a methodology for the adoption of sustainable 
strategies. 

 Validate the proposed methodology in a manufacturing 
SME. 

III. METHOD 

The proposed methodology is based on a quantitative 
method, since it is based on the measurement of the 
characteristics of technological, social, economic and 
environmental phenomena, which is derived from a conceptual 

framework, a series of postulates that express relationships 
between the studied variables pertinent to the analyzed problem 
[30]. 

So that is identified the model retrospective and is shown in 
the Fig. 1. 

  

Figure 1.  NON-EXPERIMENTAL DESIGN 

A. Instrument development 

A questionnaire was constructed with the factors determined 
through an extensive literature research; the operational of 
variable descriptions in the measurement instrument are 
describe in Fig. 2 and 3, contains four dimensions of sustainable 
development: 1) environmental, 2) economic, 3) technological 
and 4) social. The indicators of each dimension are: electricity, 
water, gas and waste; Investment and recovery; Inventory of 
sustainable technology and eco-innovations, internal and 
external actuators, respectively. The questionnaire was tested, 
and applied to experts, also applied a sample, the information 
gathered is analyzed with several statistical tests, as it is 
explained in the next sections. 

 
Figure 2.  MEASURING INSTRUMENT SUBSECTION A 

Figure 2 contain the subsection a) descriptive or contextual 
analysis of the subject and company to be interviewed.   

a) Information of the company and respondent.

Type of industry: Industry size Company time

a) High technology a) Micro industry

(1 to 10 employees)

a) 0-5 years

b) Medium Technology - High b) Small industry 

(10 to 50 employees)

b) 6-10 years

c) Medium Technology - Low c) Medium industry 

(from 50 to 1,000 employees)

c) 11-20 years

d) Low Technology d) 20 or more
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Figure 3.  MEASURING INSTRUMENT SUBSECTION b 

 

Figure 3 contain subsection b), c), d) and e) include 
operationalization; dimensions, indicators and items.  

The initial version of the questionnaire was composed of 35 
items, four dimension and 9 subscales. 

B. Validate 

Validity refers to the instrument's ability to measure the 
construct that is intended to quantify [31]. Cronbach's alpha (α) 
test has the capacity to evaluate the internal consistency of an 
instrument constituted by a Likert scale which measure 
attributes or characteristics of a particular topic, this technique 
was proposed by Lee J. Cronbach in the year of 1951, and is 
available in statistical programs known as SPSS [31] [32]. 
Content validity provides evidence about the degree to which 

elements of an assessment instrument are relevant to and 
representative of the targeted construct for a particular 
assessment purpose [33]. A type of validation is the expert 
Judgment, entails inviting a group of experts to determine the 
adequacy with which relevant content domains have been 
included in the instrument and the extent to which the instrument 
was developed to measure a particular concept of interest [34] 
There is currently no consensus on the number of content experts 
required to review an instrument some authors suggested a 
minimum of three. One of the methods is the Kendall test, where 
the concordance coefficient (W) is obtained. The calculation of 
W allows finding information if the consensus among the 
expert’s judgment, who classifies the objects can be obtained 
[35]. 

IV. RESULTS 

From the test obtained from the pilot validation with a total 
of 24 surveys to 38 items, the results indicated Cronbach's Alpha 
= 0,968 suggesting that the items measured on a Likert scale 
measure the same construct and are highly correlated [36]. Such 
as indicate the figure 4 were was validate the first survey version. 

 

Figure 4.  ALPHA TEST RESULT 

The validity of content was determined through the expert 
test, in which three experts in the environmental management 
area participated, they are Environmental Manager of 
manufacturing companies’ transnational and considered large 
companies because they have more than one location in this city, 
who evaluated each of the items of the questionnaire taking into 
account The criterion: the item is relevant for the evaluation 
applied to SME manufacturing companies. The following scale 
was taken into account: 1. Strongly agree 2. Agree 3. Disagree 
4. Strongly disagree. Additional a comment column was 
auxiliary for suggest changes. 

The Content validity result indicate a moderate agreement 
between the experts with a 0.497 W of Kendall [37], was 
calculate without three questions by suggestion of experts, three 
question could be merged into one and one question because it 
not apply for the resource and work area of the SMEs 
companies.  

The null hypothesis "the agreement of the evaluators is due 
to the probabilities" is rejected and it is concluded that the 
classifications of the evaluator are associated with each other 
such as show in the figure 5 according P value > 0.05. 

 
Figure 5.  KENDALL COEFFICIENTE RESULT 

In the future, the tool now developed have to be applied to 
Juarez City and may be used associated to Structural Equation 
Modeling - SEM -  to obtain more expressive results. 

b) Environmental

1 Monitored through a report electricity usage.

2 Monitored through a report using gas.

3 Develop energy and gas efficiency practices.

4 Make a report of greenhouse gas emissions CO2.

5 Monitored through a report the use of drinking water.

6 Know the destination of your residual loads (drainage / causes).

7 Develop water use practices.

8 It makes use of treated water.

9 Identify the sources of waste generation.

10 Maintains segregation procedures for organic and inorganic waste.

11 Maintains programs for the reuse of generated internal waste.

12 Maintains a solid waste management plan.

13 It monitors, through a report, the quantities and type of waste generated.

14 It monitors that part of the scrap is recoverable.

15 Is aware if the process / service generates toxic waste.

16

Identify from the total of your shipments that percentage uses returnable 

packaging.

c) Economic

17
Perform a SWOT analysis to carry out sustainable practices

  (efficient use of energy and non-renewable resources, recycling, among 

18
Performs the review of a budget for investment in sustainable technologies or 

innovations.

19
Realizes a control of return of investment of each of the technologies and 

sustainable practices implemented.

20
Make a collection and analysis of the savings produced by the use of recycled 

materials, green energy, recycled water among other practices.

21
Realizes a control of the economic entrances by concept of recovery or 

transformation of scrap or waste.

c) Technological

22
It carries out a review of the technologies, to ensure the control of emissions.

(Automatic equipment shutdown, after a prolonged period of non-use.)

23 Performs a review of the technologies, to reduce the amount of waste they 

generate.
24

Performs a review of administrative processes that use sheets, and may be 

replaced by an electronic database.

25 Make eco-innovation projects in your products.

26 Make eco-innovation projects in their processes.

27 Make eco-innovation projects in your organization.

c) Social

28
Carries out training for the company's personnel, on the care of the 

environment, recycling, toxic waste, environmental accidents, among others.

29
Make a communication of the environmental behavior of the company to its 

employees.

30
Knows what percentage of their suppliers have a sustainable certification (clean 

industry / ISO 14000).

31
Know what percentage of your total products are recycled or reused at the end 

of their life cycle.

32 It has IDs for being a green product (eco labels) if applicable.

33
Know what percentage of your customers are interested in having a sustainable 

certification (clean industry / ISO 14000)

34
Make environmental actions in the environment of your company (reforestation, 

cleaning parks or vacant lots, among others).

35
Coordinate with your client to take the product to collection sites, when it 

reaches its useful life.

Sustainable 

technology 

inventory

Eco-

innovations

Internal

External

Electricity / Gas

Water

Waste

Investment

Recovery
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