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there is limited empirical evidence on how environmental practices

and recycling initiatives influence production performance,

particularly in developing contexts such as Pakistan. Recycling and the

Environment, production processes, use of industrial byproducts are considered key strategies for

recycling, cement industry, improving resource efficiency and reducing environmental impact.

sustainability However, the effectiveness of these practices in enhancing operational
performance remains insufficiently understood. This study aims to
assess the relationships between environmental practices, recycling
adoption, and production performance in cement plants. Prior to full-
scale analysis, a pilot study with 100 respondents was conducted to
evaluate the measurement instrument's reliability and to conduct
correlation analyses. The results demonstrate excellent internal
consistency across all constructs. The Cronbach’s Alpha values range
from 0.897 to 0.917, exceeding recommended thresholds. Key
constructs such as Regulatory Framework (o = 0.905), Waste
Management Regulations (o = 0.906), Cost Efficiency (a = 0.906), and
Impact on Cement Strength (a = 0.917) exhibited particularly strong
reliability. Descriptive findings indicated moderate response
variability, with most standard deviations ranging from 0.50 to 0.80,
suggesting meaningful differentiation among respondents. However,
correlation analysis suggests a strong positive relationship between
environmental practices and production performance, environmental
practices and recycling adoption, and recycling adoption and
production efficiency within cement plants (r=0.780, 0.617& r = 0.639,
respectively; p = 0.000). Overall, these findings confirm the robustness
of the research framework and highlight the interconnected role of
environmental orientation, recycling initiatives, and production
performance in cement plant operations.
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1. Introduction

The cement manufacturing industry is a significant source of greenhouse gas emissions and other environmental
problems, primarily due to its energy-intensive clinker production and heavy reliance on fossil fuels [1]. Interest
in emissions reductions and the environment in the sector is rapidly emerging, and studies on technical and
managerial approaches to reducing emissions and minimizing material inputs to cement production are becoming
increasingly prevalent; these include energy efficiency improvements, the use of alternative fuels, alternative
materials, and circular economy approaches [2].

At the same time, recycling processes and the use of alternative materials (such as fly ash or recycled concrete
aggregates) are viewed as key levers for improving environmental performance and resource efficiency within
the cement and concrete value chains [3]. Research on the recycling of concrete and construction materials
identifies key success factors for the adoption of recycling. It indicates that recycling can reduce raw material
demand and relieve waste-disposal responsibilities, though the practical adoption rates of such recycling vary
widely between countries, materials, and firm capabilities [4].

Yet little research directly examines how these environmental orientations relate to outcomes such as
production outcomes (process efficiency, output stability, quality) in developing country contexts [5]. In Pakistan,
green cement and recycling capabilities have recently been emphasized in feasibility studies and engineering
guidelines, while energy-efficiency improvements have begun to emerge in industry assessments [6] and [7].
Analyses of environmental factors remain a relative rarity in systematic survey data, particularly for predicting
production or recycling outcomes. The question arises, therefore, whether the findings from these other
developing and transitional economies are indeed generalizable, given that managerial capabilities, regulatory
environment, and technological levels differ between developed and developing countries [8], [ 9].

Thus, the present study aims to examine the existence of direct relationships among environmental factors,
recycling adoption, and production performance in cement plants. Rather than propose a direct or mediated/
moderated model at this early stage in the examination of these questions, the present study asks three research
questions regarding direct relationships: a) between environmental factors and production performance; b)
between environmental factors and the adoption of recycling; and c) between recycling and production
performance.

1.1 Research Objectives and Questions

This study aimed to examine the relationships between environmental factors, recycling adoption, and production
performance in the cement industry. The main emphasis is on determining which, and to what extent, these direct
associations exist. The relationships between environmental factors and production performance, environmental
factors and recycling adoption, and recycling adoption and production performance are the three specific
relationships we began studying. Table 1 presents the research questions and their purposes in the study.

Table 1 Research questions and objectives

Research questions Research objective of the study

RQ1. What is the relationship between

. . To examine the relationship between environmental factors
environmental factors and production

and production performance.

performance?
RQ2. What is the relationship between To determine the relationship between recycling and
recycling and production performance? production performance.

RQ3. What is the relationship between
recycling adoption and production
performance?

To understand the relationship between recycling adoption
and production performance.

2. Literature Review

This section presents a synthesis of studies on environmental management practices, recycling, and the
production performance of the cement sector. The studies related to these topics are organized into three main
streams of literature: environmental management in cement production; the relationship between environmental
factors and the production performance of the cement sector; and the relationship between environmental
management practices and both recycling and production performance within the cement sector. By reviewing
these studies, it is possible to conduct a theoretical investigation into whether a direct relationship exists between
environmental factors, recycling practices within the cement sector, and the performance of cement-producing
processes in a developing economy.
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2.1 Environmental Practices in the Cement Industry

The cement industry is currently considered the most energy- and carbon-intensive manufacturing sector in the
world. Such high levels of energy use and carbon emissions by the cement industry are the result of the energy
and carbon emissions that are inherently created by the processes that are employed by the cement plants, the
high temperatures to which those processes must be heated, and the amount of raw materials that those plants
process to produce cement. Cement production is a calcination process that requires temperatures over 1400°C
to produce clinker, which is then ground to make cement; these high temperatures generate enormous amounts
of carbon dioxide with each batch of cement produced [10]. Furthermore, because the raw materials that are used
in cement production contain carbonate elements, those elements are removed from the raw materials during
calcination as carbon dioxide - an essential but undesirable byproduct of cement production [11].

These cement plants have begun adopting various environmental management practices to mitigate the
negative environmental impacts of their operations and reduce the amount of fossil fuels required to power them.
Some of these practices include the use of fossil-fuel substitution to minimize the amount of fossil fuels used in
cement plants while maximizing the use of alternative fuels [12]. Substituting raw materials used in cement
production with alternative raw materials is another environmental management practice; these include
supplementary cementitious materials. Furthermore, the heat produced during cement production is another
resource managed by those plants; waste heat is recovered from the exhaust fumes of the kilns used to produce
cement [8], [ 9]. Each of these practices has had a positive impact on the environment by reducing the amount of
energy, chemicals, and raw materials consumed by cement manufacturing plants.

One important environmental management practice adopted by the cement industry is the use of blended
cements in cement products. These types of blended cement are used to minimize the amount of clinkers required
in cement products; reducing the clinker content reduces the energy and carbon dioxide emissions released
during cement production [13]. Each of these practices helps broaden the processes performed within cement
plants; they require those plants to expand beyond their traditional focus on plant profitability. These adaptations
to the processes within cement plants can be achieved by incorporating environmental considerations into their
operations [14]. For instance, each of the companies that are members of the Cement Sustainability Initiative has
recognized that reducing the amount of clinkers in cement products is one of their major goals. The initiative has
discovered and implemented methods to alter the raw materials used in cement production to both fuel cement
plants and serve as raw materials for producing cement products; it has become the industry's major
environmental management practice [15].

The adoption of these environmental management practices by the cement plants has enabled them to expand
their operations beyond those focused solely on increasing their traditional profitability. Instead, these cement
plants are expanding their operations to incorporate environmental management considerations to gain a
competitive advantage in the industry [16].

2.2 Impact of Environmental Practices on Production Performance

Research effort in this area has only recently begun to focus on the role of environmental management in
enhancing firm productivity. Within the cement industry, which is among the most energy and resource-intensive
of all industrial processes, environmental innovations are primarily implemented to enhance production
efficiency. Additionally, environmentally friendly practices implemented in cement production processes are
associated with improvements in production efficiency, leading to the formation of better, more efficient plants in
general [17].

For instance, improvements in energy efficiency in cement plants have been shown to lead to massive
reductions in the use of both thermal and electrical energy [18]. Additionally, practices such as the use of
alternative fuels and the recovery of process heat have been shown to improve the efficiency of those cement
plants, as have improvements in kiln efficiency and fuel use [19]. Additionally, practices that aim to reduce the
decarbonization of cement plants, such as the use of clinker substitutes and waste heat recovery systems, have
also been shown to improve the performance of those cement plants [20]. Each of these improvements in
environmental practices leads to improvements in the performance of cement plants due to reductions in the
amount of fuel required to power those production processes, improvements in the efficiency with which energy
is used within those plants, and greater ability to implement changes to those production processes.

These findings therefore indicate that the environmental orientation of this firm is a strategy that may be
adopted by a cement manufacturing company and is related to each of the major elements of the production
process. Such elements include the stability of the output of the production process, the efficiency with which the
materials required to produce those cement products are utilized, the energy used in their production, and the
quality of the cement produced by the plants. Overall, these findings suggest that environmental management of
cement production plants will provide the greatest benefits to companies in terms of plant production, rather than
as a means of reducing their environmental impact or compliance with environmental regulations.
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2.3 Environmental Practices and Recycling Adoption

The literature also posits that environmental mechanisms influence behaviors related to recycling. For instance,
the use of industrial byproducts, such as fly ash, slag, and recycled concrete aggregates in the production of
cement, is recognized as a means of reducing the environmental impact of cement production and the
consumption of natural resources required for cement production [21] and [22]. Thus, these recycling activities
relate to the environmental factor by helping reduce the environmental impact of cement production.

Furthermore, the use of industrial byproducts in cement production reduces the need for raw materials,
reduces the environmental impact of extracting those raw materials, and further increases the sustainability of
the cement and concrete industry. Studies of firms that have implemented systems to improve their
environmental performance indicate that these firms have tended to use more production processes related to
recycling [23]. For instance, authors [23] found that using recycled fly ash to produce green cement in Pakistan
was associated with both environmental and economic benefits for the company that used the cement; the
environmental impact of the cement was reduced, as was the cost of producing it [24].

Yet another reason for implementing recycling activities in cement production is their relationship to the
circular economy. The circular economy proposes using industrial waste products as raw materials for other
industrial processes. Thus, cement industry firms can improve their sustainability in line with the circular
economy by valorizing their waste within the cement industry and becoming more resource-efficient in their
operations [25]. Thus, these recycling activities are related to the organization’s environmental factors and its
environmental orientation, supporting the second hypothesis that recycling behaviors are correlated with an
environmental orientation.

2.4 Recycling and Production Performance

A final way in which recycling incorporation may relate to production performance is by directly improving it.
Recycling inputs and byproducts into cement products can help firms avoid some of the issues caused by securing
virgin materials [26]. Byproducts or waste products from other production processes are often more readily
available, which can help stabilize the firm’s supply chain. Furthermore, the cost-reducing benefits of recycling
can also be extended to production performance [27].

For instance, recycling processes have the potential to reduce production costs for a number of reasons; such
reasons may include reducing the costs of securing raw materials, but also increasing the energy efficiency of
production, such as through the substitution of certain raw materials in clinker that reduces the energy required
to produce cement in some cases [28]. A technical feasibility analysis that was conducted on the Pakistani cement
sector by author [29], for instance, determined that using fly ash as a partial substitute for cement in production
not only led to less energy being required to produce cement, but also that it had the potential to improve
productivity of the manufacturing process itself.

Recycling, therefore, can be applied to optimize other operational factors, including energy efficiency, cost
performance, and process stability, in addition to its influence on environmental factors. Finally, recycling
operations may also become increasingly sustainable over time, as recycling processes inherently reduce waste
[30]. This benefit helps ensure that the firm remains within the limits of sustainable practices and compliant with
regulatory policies [31]. In these various ways, then, recycling practices can be seen to help connect sustainability
with outcomes like production performance; sustainability and operational performance are seemingly linked
regarding at least cement plant operations. Fig. 1 presents the taxonomy of the research variables examined in
this study.

Regulatory Framework
Waste Management Regulations
Sustainability Awareness
Resource Availability
Carbon Footprint Reduction

Environmental Factors

. Utilization of Industrial Byproducts
Sustainable Recycling Policy Support for Recycling
—— Cost Efficiency

Impact on Cement Strength
Circular Economy Practices

Production

Energy Consumption & Efficiency
Clinker-to-Cement Ratio

. Operational Cost Optimization

Production Process Environmental Compliance

Adoption of Sustainable Technologies

Fig. 1 Taxonomy of research variables
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2.5 Variables of the Study

The three main variables of the study are discussed below:
¢ Environmental practices are the adoption of environmental supervision, such as compliance with
protocols, waste management, sustainability awareness, and carbon emission reduction [32].
e  Whereas recycling is the use of industrial byproducts such as fly ash and slag. Recycling is the reuse of
waste materials to produce new products [33].
e The Production process in the cement plant is a series of operations, from the design to the fabrication of
final products that meet the demands of customers.

2.6 Conceptual Framework

This study translates the logic of environmental management practices as strategic resources and internal
capabilities for production performance and recycling behavior into a testable hypothesis and model. Using the
resource-based concepts of competitive advantage and the theory of sustainable operations, the conceptual model
hypothesizes three direct relationships: that environmental factors improve production performance, that
environmental factors increase the adoption of recycling, and that the adoption of recycling improves production
performance. See Fig. 2. The production performance benefits of recycling materials are justifiable on theoretical
grounds by the production environment, but direct effects are tested here, while mediation effects are reserved
for future research.

Recycling
Materials

Production
Process
Performance

Environment

Fig. 2 Conceptual framework of the research

2.7 Hypotheses Development

Based on the theoretical arguments and empirical evidence presented in the preceding sections, the present study
proposes the following hypotheses to investigate direct relations among the environment, recycling, and the
production process in the cement industry.

e H1: The environmental factors have a positive impact on the production process.

¢ H2: The environmental factors have a positive influence on the recycling of materials.

¢ H3: The recycling materials have a positive impact on the production process performance.

3. Methodology

A cross-sectional survey was used in this study to assess variables related to the environment, recycling, and the
production process of cement companies in Pakistan. Data will be collected from both workers and managers of
these companies using a questionnaire. This research study will utilize measures of survey reliability and the
correlation between variables, as these are common methods for exploratory research with relatively small
populations of participants. In line with the research that has been performed in the cement industry, the unit of
analysis for this research study will be the organization itself, the cement manufacturing plants. While data will
be collected from each worker or manager, the opinions of these individuals will be considered representative of
the organization and its plants. Each of these processes regarding the population, sample, instrument, data
collection, and analysis will be presented in each of the following sub-section.

3.1 Research Design

In this paper, a quantitative research method using a survey was used to determine the direct relationship
between the three variables: environment, recycling behavior, and production in the cement manufacturing
industry. The use of a quantitative method was suitable for this research, as it aimed to quantify respondents'
perceptions of the survey items and test hypotheses about the variables. A cross-sectional survey was used to
collect data from individuals in the cement manufacturing plants who hold operational and managerial positions.
The data were collected from a specific unit of analysis: the cement manufacturing plants themselves. Thus, the
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analysis of the survey will reflect the environmental practices, recycling behaviors, and production of the cement
plants in question. The software that was used for data analysis was SPSS 27. This software was chosen for its use
in exploratory studies with small sample sizes and in studies whose data may not be normally distributed.

3.2 Population and Sampling

The study sample comprised employees from the cement manufacturing plants in the provinces of Sindh and
Punjab, Pakistan. These provinces are hubs of cement manufacturing in the country and host both large- and
medium-scale cement manufacturers. The sample included 100 study respondents. The respondents were
technical and operational staff, namely production engineers, supervisors, and line managers, who were employed
in environmental and production processes. These individuals were selected because of their direct involvement
in organizational practices related to environmental management, recycling, and production operations, enabling
them to provide informed insights that reflect plant-level conditions. A random sampling process was employed
to select respondents from different departments within the plant, to include a range of operational roles within
the plant in the sample, and to maximize the external validity of the results during work operations. Data were
collected over 2 months, and respondents completed a structured questionnaire designed to assess their
perceptions of environmental practices, recycling practices, and organizational-level production performance.

3.3 Instrument Development

The survey instrument was developed based on empirical studies on environmental management, recycling
behavior and cement industry production. The questionnaire comprised two sections. Sections I and Il were used
to measure respondents’ demographics and their professional affiliations and the study constructs, respectively.
Three reflective measurement scales were used to assess the three latent constructs: Environmental Factors,
Recycling Materials, and Production Process. Each construct was measured across five dimensions and five
indicators, yielding 25 items. Every item was measured on a five-point Likert scale from 1 = Strongly Disagree to
5 = Strongly Agree. Environmental Factors included regulatory, managerial, and technological dimensions of
environmental orientation, such as compliance with environmental regulations, managerial waste management
activities, sustainability awareness, resource availability, and carbon reduction. Recycling Materials measured the
adoption of recycling practices, policy encouragement, cost-effectiveness, material performance, and circular-
economy activities. The Production Process construct measured firms’ operational performance in terms of
energy efficiency, clinker-to-cement ratio, cost reduction, regulatory compliance, and the use of sustainable
technologies. The measurement items were adapted from validated scales cited in the literature and tailored to
the cement industry context in Pakistan. Academic experts and industry professionals were consulted to check
the clarity, relevance and suitability of the questionnaire.

3.4 Data Collection Procedure

Data were gathered through a structured questionnaire from employees in the cement production industry in the
Punjab and Sindh provinces of Pakistan, which are Pakistan's cement production hubs. The questionnaires were
self-administered on paper and via Google Forms, depending on the availability and restrictions of the various
departments. All subjects in the study were informed of the study's purpose and assured of the confidentiality of
their responses, to minimize social desirability effects. The respondents were production engineers, supervisors,
line managers, and technical workers who were directly involved in environmental management, recycling, and
production activities. Approximately 100 usable responses were collected over a time period of two months. The
response dataset was considered suitable for SPSS, a sophisticated analytical approach that is limited to
exploratory models and datasets of relatively small size.

3.5 Data Screening and Preparation

Prior to the analysis, the data was screened and prepared in accordance with procedures established by the
statistical package, i.e., the Statistical Package for the Social Sciences (SPSS), for use as a dataset for analysis. First,
the dataset was checked for any missing values. One of the steps ensured that there were no missing values with
a significant impact and that all records were included in the analysis. Second, outlier analysis was conducted (i.e.,
both score-based outlier evaluation and boxplots for outlier detection). No significant outliers were found that
would have negatively impacted on the results. Third, response statistics (e.g., means and standard deviations)
were computed for each item. Fourth, the dataset's normality assumption was evaluated. While there were some
indicators of non-normality, this did not pose a problem. Finally, the cleaned dataset was exported to SPSS for
reliability testing and hypothesis testing.
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3.6 Data Analysis Technique

The data analyzed using SPSS was used to test the direct relationships between Environment, Recycling Materials,
and Production Process. This analysis was performed in two steps. The first step involved the measurement
model, which was used to assess the reliability and validity of the constructs. Internal consistency reliability was
assessed using Cronbach’s alpha, standard deviation, and correlation analysis.

4. Results

4.1 Demographic Characteristics of Respondents

The demographic variables of the respondents are shown in Table 2. The sample included 100 respondents who
occupy operational, technical, and managerial roles within the firms in the cement manufacturing industry. The
demographics indicate that the respondents have relevant education and sufficient industry tenure, making their
perspectives suitable for the analysis.

Table 2 Demographic analysis

Parameter Position Quantity
Production manager 18
Deputy / Assistant manager (Production) 12
Mechanical / Maintenance engineer 09
Process / Shift engineer 08
Job title / Designation HSE manager 11
Quality control manager 08
Electrical / Instrumentation engineer 10
Production engineer 16
Senior technician/Lab supervisor/Foreman 08
Production 32
Mechanical engineering 20
Department Environment / Safety 16
Quality control 18
Electrical & Instrumentation 14
25-35 years 43
Age Group 36-45 years 31
46-55 years 19
55 years and above 07
Diploma 24
Education Level Bachelor’s degree 41
Master’s degree 29
PhD 06
Work Experience 6-10 years 39
11-15 years 33
More than 15 years 28

4.2 Reliability Analysis (Cronbach’s Alpha)

Cronbach’s Alpha (a) is the most widely used statistic that tests the reliability and internal consistency of the
scales of questions that are used in survey-based research [34]. More specifically, it measures the correlation of
the items of a construct. The calculation of this statistic interprets its values in a manner typical of the research
literature [35].

A reliability value between 0.60 and 0.70 is acceptable only for exploratory research, indicating that the
measurement scale is still in its early stages [36].

Extremely reliable values, however, may mean that the scale has redundant questions. These interpretations
of the reliability values, though, will assist in determining whether the constructed questionnaire is reliable
enough to be used in the main study.

o) UTH M Penerbit
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Table 3 Rule of thumb
Alpha Value Interpretation
<0.60 Poor reliability
0.60-0.70  Acceptable (pilot only)
0.70 - 0.80 Good
0.80-0.90 Very good
>0.90 Excellent

Table 4 Reliability analysis (Cronbach’s alpha)

Factors Item code N Cronbach's alpha
Regulatory framework Al 100 .905
Waste management regulations A2 100 .906
Sustainability awareness A3 100 .900
Resource availability and material efficiency A4 100 .900
Carbon footprint reduction A5 100 .897
Utilization of industrial byproducts B1 100 .900
Policy support for recycling B2 100 901
Cost efficiency B3 100 906
Impact on cement strength B4 100 917
Circular economy practices B5 100 901
Energy consumption efficiency C1 100 906
Clinker to cement ratio C2 100 .903
Operational cost optimization C3 100 901
Environmental compliance C4 100 .908
Adoption of sustainable technologies C5 100 911

A pilot study was conducted with 100 respondents to assess the reliability and internal consistency of the
survey instrument before initiating full-scale data collection. The findings of the reliability analysis indicate that
all constructs achieved excellent Cronbach’s Alpha coefficients, as shown in Table 4. The Regulatory
Framework construct alone yielded a reliability value of 0.905, as its companion construct, Waste Management
Regulations Constructs related to sustainability dimensions also achieved strong reliability,
including Sustainability Awareness (a¢ = 0.900), Resource Availability and Material Efficiency (a = 0.900),
and Carbon Footprint Reduction (ax = 0.897). Constructs related to circular (and industrial) sustainability,
including the application of industrial byproducts (a = 0.900), Policy Support for Recycling (a« = 0.901),
and Circular Economy Practices (o = 0.901), also confirmed the reliability of the measurement scale.

Constructs related to economic and operational performance were also reliable: Cost Efficiency (a =
0.906), Operational Cost Optimization (a = 0.901), and Energy Consumption Efficiency (a = 0.906). Finally, the
construct of Impact on Cement Strength was shown to be the most reliable, achieving a strong coherence value of
(a = 0.917), thereby confirming the reliability of its measurement items. Overall, all alpha values exceeded the
recommended threshold of 0.70, indicating that the survey instrument was a reliable tool for testing the study’s
main research hypotheses.

Additional tests performed on the survey instrument, though not associated with reliability per se, also
evaluated the items descriptively: responses to the questionnaire items had a moderate standard deviation,
ranging from 0.50 to 0.80, as shown in Table 5. These values generally indicate that the respondents were not
hindered in their ability to make relative judgments between the responses provided in the questionnaire. A
relative handful of items returned higher standard deviation values (SD = 0.97-0.98), indicating that those
statements may have elicited differing perceptions among respondents and that these items may need to be better
refined before being presented to the final respondents in the actual survey study. Together, these analyses
indicate that the developed survey instrument is reliable for examining the sustainability-driving regulatory,
environmental, and operational conditions in this study.
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Table 5 Standard deviation

Questions/Item Code N Std. Deviation
A1Q1 100 .69786
A1Q2 100 76947
A1Q3 100 72311
A1Q4 100 72467
A1Q5 100 .72486
A2Q1 100 .78762
A2Q2 100 .78312
A2Q3 100 72467
A2Q4 100 72017
A2Q5 100 .73569
A3Q1 100 .67313
A3Q2 100 .74618
A3Q3 100 66617
A3Q4 100 79173
A3Q5 100 .65073
A4Q1 100 72174
A4Q2 100 66617
A4Q3 100 .87962
A4Q4 100 .69927
A4Q5 100 .70089
A5Q1 100 .69115
A5Q2 100 .70089
A5Q3 100 .70410
A5Q4 100 72174
A5Q5 100 .70028
B1Q1 100 .67565
B1Q2 100 .65094
B1Q3 100 .66892
B1Q4 100 67627
B1Q5 100 .97584
B2Q1 100 67627
B2Q2 100 .66892
B2Q3 100 71781
B2Q4 100 .71525
B2Q5 100 70511
B3Q1 100 71781
B3Q2 100 71228
B3Q3 100 .58125
B3Q4 100 .67313
B3Q5 100 .64550
B4Q1 100 .70089
B4Q2 100 97931
B4Q3 100 .89868
B4Q4 100 74769
B4Q5 100 .53441
B5Q1 100 .68458
B5Q2 100 47538
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Questions/Item Code N Std. Deviation
B5Q3 100 .70089
B5Q4 100 .67565
B5Q5 100 .78905
C1Q1 100 .50422
C1Q2 100 .59447
C1Q3 100 .64309
C1Q4 100 .81286
C1Q5 100 .69115
C2Q1 100 74314
C2Q2 100 .70109
C2Q3 100 .71997
C2Q4 100 .69115
C2Q5 100 67627
C3Q1 100 .69380
C3Q2 100 .78905
C3Q3 100 .71997
C3Q4 100 .67460
C3Q5 100 .69927
C4Q1 100 97772
C4Q2 100 .72467
C4Q3 100 .66298
C4Q4 100 .70089
C4Q5 100 .72408
C5Q1 100 .70028
C5Q2 100 .67565
C5Q3 100 .53652
C5Q4 100 .58488
C5Q5 100 .62887
Valid N (listwise) 100
0.725
0.72
0.72
0.715
c
% 071
3 0.705
o
T 0.7
S 0.695
S
& oes
0.685
0.68
0.675
Environment Recycling Production Process
Variables

Fig. 3 Variability of research variables

Fig. 3 shows the graphical description of variability across variables. It indicates a consistent distribution
between the environment, recycling, and the production process.
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4.3 Correlation Analysis

Correlation analysis is a statistical method that identifies significant relationships between two or more
quantitative variables [37]. Correlation assesses the level of association and dependence between variables. The
range of correlation values is usually between -1 and +1. Correlation is expressed as a correlation coefficient [38].
Table 6, showing correlation analysis between 3 variables: Environmental Factors, Recycling Materials, and
Production Performance. Based on N = 100 respondents.

The study assesses the direct relationship between variables, so the Pearson correlation analysis is the most
suitable option for the analysis of direct relationships. The pilot nature of the study and small sample size are not
appropriate for the more complex methods, such as regression or structural equation modeling.

4.3.1 Environmental Factors and Recycling Materials

The correlation between Environmental Factors and Recycling Materials is r = 0.617. There is a moderately strong
positive relationship between the two variables: higher environmental factors are associated with greater
recycling of materials. The significance value (p = 0.000, 2 tailed) is less than 0.01; at least 1% significance level.

4.3.2 Environmental Factors and Production Performance

The correlation between Environmental Factors and Production Performance is r = 0.780. There is a moderately
strong positive relationship between the two variables; better environmental factors lead to better production
performance. The p-value (0.000) is less than 0.01, which is the 1% significance level.

4.3.3 Recycling Materials and Production Performance

The correlation between Recycling Materials and Production Performance is r = 0.639. There is a moderately
strong positive relationship between the two variables; more recycling materials leads to better production
performance. The relationship is statistically significant; the p-value (0.000) is less than 0.01, the 1% significance
level.

4.4 Overall Interpretation of Correlation Analysis

« All three variables are positively related at the 0.01 significance level.
e Environmental Factors and Production Performance have the strongest positive relationship (r = 0.780).
 Recycling Materials has a moderately strong positive relationship with both other variables.

The findings suggest that better environmental conditions and greater use of recycled materials are
associated with improvements in production performance in the organizations analyzed. Fig. 3 and 4 present a
graphic representation of associations between variables.

Table 6 Correlations analysis of variables

Correlations analysis

Environmental Recycling Production
factors materials performance
Environmental factors Pearso.n 1 617 .780
Correlation
N 100 100 100
Recycling materials Pearso'n 617 1 .639
Correlation
Sig. (2-tailed) 000 000
N 100 100 100
Production performance Pearsop .780 .639 1
Correlation
Sig. (2-tailed) 000 000
N 100 100 100

Correlation is significant at the 0.01 level (2-tailed).
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Fig. 4 Heatmap correlation analysis of variables

Fig. 4 and 5 indicate the graphical representation of correlation. Fig. 3 shows the heatmap of correlation, while
Fig. 4 compares the correlation values. It indicates positive relationships between all variables, with
environmental factors having the strongest relationship with production performance.
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Fig. 5 Key correlation analysis between variables

A Pearson correlation analysis was conducted to test the hypotheses (H1-H3). The test results demonstrated
that each variable exhibited a positive relationship with the others, and each was statistically significant at the 1%
level, as shown in Table 7. For instance, environmental factors were found to have a moderately strong
relationship with the recycling of materials within the cement plants (r = 0.617) and exhibited a strong positive
relationship with the production performance of the cement plants (r = 0.780). Furthermore, the variable related
to material recycling within cement plants also showed a positive relationship with those plants' production
performance (r = 0.639). These results support all three hypotheses (H1, H2, and H3). Thus, the study indicates
that the improvement of environmental factors within the cement manufacturing and processing plants will lead
to both a direct and indirect improvement in the production performance of those plants
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Table 7 Summary of hypothesis testing results

Hypothesis Relationship Tested Correlation (r) p-value Result

H1 Environmental Factors — Recycling Materials 0.617 0.000 Supported
H2 Environmental Factors — Production Performance 0.780 0.000 Supported
H3 Recycling Materials — Production Performance 0.639 0.000 Supported

5. Discussions

5.1 Summary of Key Findings

The study explored direct relationships among the environment, recycling, and production performance in
cement manufacturing in Pakistan, a developing nation. The findings support the hypothesized model, indicating
that environment is a strong predictor of both recycling and production performance in the cement industry [39].
More specifically, the factors that create the environment are positively related to production performance,
meaning that production can be made more consistent and efficient by firms that improve their focus on
regulatory compliance, enhance their knowledge of the environment through education and dissemination, and
minimize resource consumption [15].

Environmental factors also significantly influence recycling, meaning that firms with more “mature”
environmental management systems are more likely to incorporate by-products from other industries and
implement circular economy practices in their operations [8]. Furthermore, recycling is positively related to
production performance, meaning that such operations enable firms to improve production efficiency, reduce
reliance on raw materials, increase resource use efficiency, and make production runs more consistent [40]. The
supported relationships therefore indicate that environment, recycling, and production performance are related
dimensions of a sustainable cement production operation, as well as the implications of failing to properly
incorporate an environmental focus in a firm’s production operations [41], [42].

5.2 Practical Implications

These implications are therefore clearly practical for policymakers and industry managers who wish to improve
the sustainability outcomes of cement production. From the perspective of policymakers, the implication is that
improvements in environmental policy and enforcement mechanisms can serve as critical drivers of both
increased recycling use and improved recycling practice in production efforts. Policymakers can therefore work
to improve the environmental sustainability of cement production by establishing clearer requirements for
recycling, improving the incentive structures for the industry’s use of industrial byproducts such as fly ash, and
enabling the cement production sector through investment in cleaner production methods. Similarly, plant
managers can recognize that environmental practices should not be viewed solely as burdensome requirements
for regulatory compliance, but also as essential practices to improve plant performance. The integration of
recycling practices into cement production can increase the availability of concrete production materials, decrease
costs and make it easier to implement processes such as clinker substitution. In these various ways, improvements
in the field’s environmental regulations and the implementation of environmental recycling practices can
ecologically benefit circular cement production methods by enabling a shift towards more circular methods.

5.3 Theoretical implication

From a theoretical perspective, this paper makes an academic contribution to existing literature by establishing a
link between environmental factors, recycling practices, and the production performance of cement
manufacturing plants. While previous studies have considered each of these variables separately, this research
has demonstrated the impact of environmental factors on production performance, both directly and indirectly
through their effects on recycling practices in the cement manufacturing process. The results of this research
indicate that environmental management practices are not limited to the consideration of sustainable practices
for the cement manufacturing process. Instead, focusing on such practices can increase the efficiency of
manufacturing plants’ production processes and their overall performance. The positive and significant
relationships among the variables considered contribute to the resource-based view of the firm and the circular
economy theory. Both theories suggest that a company's resource utilization efficiency will have a positive impact
on its overall performance.

Finally, this research also extends the existing literature on the topic by considering an underrepresented
developing economy. The findings of this research contribute to the existing literature by establishing that the
principles of environmental management and recycling can also be applied within developing economies, and that
their application will lead to similar generalizability in the effect of sustainability on the performance of
manufacturing plants.
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6. Conclusion

The study assesses the significance of environmental factors and recycling for increasing the performance of the
production process in the cement industry. It indicates that environmental management and recycling can
increase the sustainability and efficiency of production systems. This paper contributes to the emerging research
on sustainability-based performance in the cement sector by demonstrating a relationship between environment,
recycling, and production performance. These insights reveal how environmental management actions can be
directly linked to improvements in production performance while also strengthening the incentive to adopt
recycling initiatives at the cement manufacturing plants. The influence of recycling on production performance
also underscores the operational advantages of implementing circular-economy activities. Thus, the research
demonstrates the benefits of sustainability-based environmental management in the cement sector, as it can make
these factories more operationally efficient and consistent in their production. Overall, the findings provide
valuable insights into industrialists and policy makers to increase sustainability in cement production.

7. Future Studies

Despite this study's contributions to the current literature on the direct associations among environment,
recycling, and production outcomes, it also identifies several opportunities for future research. First, the
environment-recycling-production performance model can be further tested in future research to identify
whether there are factors that mediate or moderate the strength of these direct associations to the production
performance outcomes, such as factors like technological capability, organizational culture, or government
incentives. Second, future research can use longitudinal studies to examine how environmental and recycling
practices affect production outcomes over time, especially as government regulations shift. Third, future research
can expand the types of sustainability performance outcomes assessed within the scope of green cement
manufacturing, including carbon-reduction manufacturing performance, life-cycle assessment outcomes, and
financial performance outcomes, enabling more comprehensive assessments of this industry’s sustainability
performance. Finally, future research can also test different countries or industries to enhance the external
validity of this study's findings and establish more widespread evidence on the impacts of environmental
management practices on circular economy implementation and operational performance.
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