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1. Introduction

The modern industrial setting is undergoing a fast change under the influence of digitalization, environmental stress, and the
necessity of sustainable development. Industrial companies are also supposed to enhance their efficiency in operations and
at the same time minimize the environmental degradation and encourage sustainability in the long term (Qalati, 2025). In this
respect, the introduction of Internet of things (IoT) technologies have become a significant strategic reaction to these
challenges as IoT helps companies to achieve better monitoring, automation, connectivity, and real-time decision-making in
the process of industrial activities (Dhal & Kar, 2025). IoT enables organizations to streamline energy use, enhance
production, and enhance sustainability-based practices in industrial environments through smart sensors, data exchange
mechanisms, and interconnected platforms (Atieh Ali et al., 2024). Despite the increasing academic interest, the current body
of literature has largely focused on technical efficiency, operational productivity, and smart manufacturing applications of
IoT, whereas little of such interest has been placed about how the tool can facilitate sustainability performance in the industrial
sector. The growing regulatory pressures, stakeholder demands, and the growing emphasis on the production systems that
are environmentally responsible have made sustainability performance a key goal of industrial organizations (Frankowska &
Cheba, 2021). Companies are not measured only by their financial performance, but also by their resource conservation,
waste minimization, emissions and sustainable industrial development. In this regard, the use of IoT has a significant potential
to enhance sustainability performance through the provision of precise data on the operations, energy management, reduced
inefficiencies, and informed managerial decisions that are environmentally conscious (Xu et al., 2024). Regardless of these
promising contributions, the channels, in which the adoption of IoT affects sustainability performance, are not well studied,
especially regarding the industrial setting, where sustainability performance is frequently affected by the integration of
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various organizational and technological processes. Renewable energy can be considered as one of the most applicable
mechanisms in this relationship (Simpa et al., 2024).

The shift to renewable energy has been turned into a strategic focus in the industrial areas aimed at minimizing the reliance
on traditional energy sources and enhancing the environmental performance. Renewable energy also promotes sustainability
performance by reducing carbon emission, enhancing energy efficiency and stimulating cleaner production (Hsu et al., 2021).
The IoT may support the implementation and management of renewable energy and make it more resilient using intelligent
monitoring, predictive maintenance, demand-response, and efficient integration of energy resources into industrial processes
(Sobb et al., 2020). Consequently, renewable energy can be an essential explanatory factor whereby the introduction of IoT
will be converted into an enhanced sustainability performance (Mallick et al., 2023). The relationship between renewable
energy as a mediating variable in the association between IoT adoption and sustainability performance has seldom been
investigated in previous literature, which indicates a significant gap in the literature. Besides the mediating role of renewable
energy, the success of the IoT adoption could be also conditional on the availability of organizational capabilities that could
facilitate sustainable operations (Andres et al., 2024). Green logistics capability is one of such capabilities that has been
becoming more relevant in industrial research and practice. Green logistics capability is defined as the capability of the firm
to undertake transportation, warehousing, distribution and other logistic related activities in a way that minimizes
environmental impact and aids sustainability goals. Such a feature can enhance the usefulness of IoT adoption since it allows
companies to leverage digital data more qualitatively in logistics planning, route optimization, inventory management, and
energy-efficient distribution processes (Govindan et al., 2022).

Therefore, it is possible that green logistics capability can be a complement to the IoT-enabled industrial systems and even
enhance their influence on sustainability performance. However, the moderating capacity of green logistics is a little empirical
research that has examined the connection between IoT adoption and sustainability performance within the industrial sector.
The research is based on the Resource-Based View (RBV) that stipulates that companies perform better when they hold and
effectively leverage valuable, rare, and difficult-to-imitate resources and capabilities. In this sense, the implementation of the
IoT could be regarded as one of the strategic technological forces enhancing the visibility of data, intelligence in processes,
and responsiveness in operations (Roldan Bravo et al., 2023). It is possible to consider renewable energy as one of the key
strategic mechanisms with the help of this technological resource as an element of sustainability performance. Meanwhile,
green logistics capability is an organizational capability that will improve the capacity of the firm to transform electronic
resources into sustainable outcomes on the environment. In this regard, RBV provides a suitable theoretical basis to explain
the interaction between the variables of [oT adoption, renewable energy, and green logistics capability to determine the effect
on sustainability performance in industrial organizations (Kamble et al., 2023).

To address these concerns, this paper explores how the adoption of IoT can affect the performance of the industrial sector
regarding sustainability by examining how renewable energy mediates this effect and how the capability of green logistics
moderates the effect. The paper adds to the literature by suggesting a unified conceptualization that incorporates digital
adoption, sustainable energy orientation, and green logistics capability in a single conceptualization. It is also an extension
of the current knowledge in the sense that it deals with the industrial sector where the necessity of sustainable transformation
is becoming increasingly pressing. By considering these relationships, the study will give a better idea of how industrial
companies can utilize loT-based systems to deliver better sustainability results when affected by energy and logistics-related
variables (Pilati & Tronconi, 2024). This research study has several contributions to literature. First, it broadens the scope of
the discussion on the adoption of IoT beyond operational efficiency and emphasizes its strategic role in sustainability
performance. Second, it presents renewable energy as a mediating variable that elaborates how the use of IoT leads to
sustainable industrial results. Third, it discusses green logistics capability as a prerequisite that can enhance the success of
IoT implementation in attaining sustainability objectives. Lastly, the paper presents viable implications to industrial managers
and decision-makers who want to align digital transformation efforts to environmental and sustainability in the ever-
competitive and resource-starved industrial setting (Nsisong Louis Eyo-Udo, 2024).

2. Literature Review

2.1. IoT Adoption and Sustainability Performance

IoT Adoption has been playing a significant role in Sustainability Performance in the industrial industry. As digital
technologies are developing, industrial companies are moving towards using IoT-based systems to enhance monitoring,
control, and coordination of their operations (Pahune & Rewatkar, 2024). The IoT Adoption helps organizations gather real-
time information, optimize the use of resources, minimize waste, and better manage energy, which in turn directly leads to
enhanced sustainability performance. By using smart sensors, connected devices, and automated data exchange, companies
will be able to recognize inefficiencies with more precision and react to environmental and operational issues in a more
competent manner. Consequently, the [oT Adoption enhances the operational efficiency of the firm and the capacity to deliver
long-term Sustainability Performance(Agyabeng-Mensah et al., 2020). Companies that incorporate IoT in their industrial
operations are thus in a better position to facilitate environmentally friendly operations, enhance resource optimization as
well as sustainable growth in already competitive industrial settings.
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2.2. Green Performance of Renewable Energy and Sustainability.

Renewable Energy Efficiency plays a key role in enhancing sustainability performance in the modern industrial setting.
Renewable Energy Efficiency enables companies to streamline energy production and consumption activities which enhance
resource use and minimize operational losses (Management, 2022). When industrial firms incorporate IoT technology in
renewable energy systems, they will have a holistic picture of energy performance that will enable them to take more effective
measures that will minimize inefficiency and enhance sustainability (Wihelmina Afua Addy et al., 2024). High Renewable
Energy Efficiency companies can be more successful in sustainability performance as they are able to make sure that the
energy is used in a better way and that less harm is done to the environment. This efficiency minimizes waste and opens
possibilities of cost savings, resource optimization and lower wastage of production that are major drivers of sustainable
industrial practices.

2.3. Sustainability and Renewable Energy Adoption.

The increased value of sustainability has made industrial companies integrate renewable energy into their operation plan. The
inclusion of renewable energy into the industrial systems will aid businesses to minimize their environmental footprint and
improve the performance of long-term sustainability (Oke et al., 2024). As environmental expectations mount pressure,
companies that embrace renewable energy practices have a strategic advantage as they enhance environmental performance
and augment their sustainability. Besides, the adoption of renewable energy, by using cleaner energy sources and energy
saving technology is necessary in the firms that intend to be able to future-proof their operations without compromising their
efficiency (Kagalwala et al., 2025). The use of renewable energy is consequently a topic of interest to the industrial strategy,
which helps to align long-term sustainability objectives with operational practice that is focused on minimizing environmental
impact and maximizing performance (Wasim et al., 2024).

2.4. Renewable Energy as an Intermediary between IoT Adoption and Sustainability Performance.

Renewable Energy is central in the mediation of the correlation between the adoption of IoT and the performance of
sustainability. Renewable Energy refers to the utilization of less polluted and more sustainable energy systems, which can
sustain environmentally friendly industrial operations (Khan et al., 2020). The adoption of 10T is essential in enhancing the
use of renewable energy because it helps firms to track the flows of energy, optimize their performance, and make improved
decisions regarding sustainable energy systems. Renewable energy enables companies to enhance environmental
performance and offers a channel by which digital technologies can be transformed into more sustainable performance
(Alkaraan et al., 2024). The companies, which incorporate renewable energy into their loT-enabled processes, have a higher
chance to sustain or improve their sustainability performance in the complex industrial settings (Nwagwu et al., 2023). This
relationship underscores the role of renewable energy in a long-term environmental and operational enhancement in the
industrial sector.

2.5. Green Logistics Performance and Sustainability Capability.

With mounting environmental pressure and complexity in operations, the ability of industrial firms to meet and sustain
sustainability performance is pegged on the ability to combine green logistics capability with technological practices
(Jefimovaite & Vienazindiene, 2025). The green logistics capability allows companies to enhance their environmental
performance through the reduction of emissions, the optimization of transportation and the friendly way of improving the
logistics activities (Yingfei et al., 2022). Simultaneously, the initiatives aimed at waste reduction, lessening carbon footprint,
and better management of resources can be considered the strategic factors that may enhance the performance of industries
(Yan et al., 2026). Companies that incorporate green logistics capacity in their industrial operations can attain better
operational performance and enhance the capacity to sustain long-term sustainability performance.

2.6. The Moderating Implication of Green Logistics Capability.

Green Logistics Capability is also a determinant in enhancing the impact of IoT adoption on sustainability performance in
the field of industrial sustainability (Al-alshare et al., 2026). Companies that work in competitive and ecologically challenging
environments should be adaptable and be able to orient logistics operations to sustainable objectives. Sustainability
performance is imperative because of the capacity to retain green logistics capability amidst increasing industrial and
environmental pressures (Iglesias et al., 2026). Through embracing the IoT technologies, firms would be able to enhance
their logistics orchestration, tracking and real-time responsiveness and Green Logistics Capability enhances this connection
further by allowing the firm to translate the web enhancements into more robust environmental performance (Allahham et
al., 2026). This digital-logistics capability is useful in overcoming uncertainty and preparing firms to gain sustainable success
in the industrial sector in the long term. Based on the literature, the interdependence of IoT adoption, renewable energy, green
logistics capability, and sustainability performance is noted. With an ever-growing complex industrial landscape, companies
need to use digital technology to optimize their energy consumption, use renewable energy resources more efficiently, and
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reinforce environmentally responsible logistics processes (Deepu & Ravi, 2023). A combination of all these aspects is needed
to maintain sustainability performance and guarantee industrial success in the long term. This study highlights the need to
synchronize the integration of IoT with renewable energy and green logistics ability to enhance sustainability performance
in an efficient manner.

2.7. Hypotheses Development
2.7.1. IoT Implementation and Green Energy.

IoT Adoption in industrial settings has gained critical roles in enhancing monitoring, control and coordination of energy
related systems (Baycik & Gowda, 2023). Intelligent sensors, networked devices, and data flow in real-time will enable
companies to track the trends of energy usage in greater detail and make better decisions regarding cleaner energy sources
(Bani Ahmad et al., 2024). This digital ability motivates companies to increase the Renewable Energy Adoption by mitigating
uncertainty and improving the adoption of renewable systems in industrial processes (Shahzad et al., 2023). Simultaneously,
IoT Adoption enhances Renewable Energy Efficiency since real-time visibility and predictive control allow the firms to
minimize their energy loss and maximize the use of renewable energy. Industrial companies which embrace the use of IoT
are thus better placed to boost the utilization and the efficiency of renewable energy towards industrial development which
is sustainable.

Hai: loT Adoption has a positive impact on Renewable Energy Adoption.
Ha: IoT Adoption has a positive impact on Renewable Energy Efficiency.

2.7.2. IoT Adoption, Sustainability, and Reliability of Renewable Energy.

The growing reliance of industrial companies on stable and environmentally responsible business has considered IoT
Adoption as a strategic element in enhancing energy and sustainability performance (Aziz et al., 2024). IoT-based systems
enhance Renewable Energy Reliability by allowing them to continuously monitor, detect faults, and respond to maintenance
faster, which enhances the reliability and stability of renewable energy systems (Ye et al., 2025). Besides, [oT Adoption is a
direct contributor to Sustainability in that it enhances the use of resources, minimizes waste, and promotes environmentally
conscious industrial practices. Companies embracing the IoT technologies in their operations are in a more advantageous
position to sustain reliable renewable energy systems and have superior sustainability results in the long term. This reasoning
is parallel to the organizational flow and subsection style applied in the reference structure.

Hs: loT Adoption has a positive impact on Renewable Energy Reliability.
Ha: IoT Adoption has a positive influence on Sustainability.

2.7.3. Sustainable Energy and Renewable Energy.

The issue of renewable energy has been a key element of enhancing the aspect of Sustainability in the industrial sector.
Companies investing in Renewable Energy Adoption have higher chances of cutting expenses on traditional energy sources
and enhancing their performance regarding the environment (Rosca & Taylor, 2023). Going the same way, Renewable
Energy Efficiency is part of the Sustainability as it makes sure that renewable systems produce and use energy with a
minimum waste and improved operational performance. These improvements favor cleaner production, better resources and
long-term environmental management per- performance (Allahham et al., 2023). Thus, adoption and effectiveness of
renewable energy can be anticipated to enhance Sustainability in industrial activities. The formation of these relations is also
written in the same form of hypothesis-building that appears in your model text.

Hs: Sustainability is positively influenced by the adoption of Renewable Energy.
He: Renewable Energy Efficiency has a positive impact on Sustainability.

2.7.4. Green Logistics Capability and Renewable Energy Reliability.

Renewable Energy Reliability is needed in attaining Sustainability since industrial firms need consistency and continuity in
their energy supply to ensure normalcy in their operations. With renewable energy systems becoming more stable, firms
stand a better opportunity to sustain a responsible production process concerning the environment and improve long-term
sustainability outcomes (Zhang et al., 2026). Meanwhile, Green Logistics Capability has gained greater importance in
facilitating cleaner industrial activities. Companies that have more robust green logistics activities tend to be more apt to
accommodate the environmentally responsible systems and processes that can promote Renewable Energy Adoption (Seif &
Jafari, 2026). Green Logistics Capability can support the change to cleaner energy-focused operations of the firm by
providing sustainable transportation, effective warehousing, and reduced-emission logistics activities. This subsection is in
the same style of connecting conceptual explanation and explicit hypotheses.
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H7: Renewable Energy Reliability has a positive impact on Sustainability.
Hs: Green Logistics Capability has a positive impact on Renewable Energy Adoption.

2.7.5. Green Logistics Capability, Renewable Energy Performance and Sustainability.

Green Logistics Capability is now a significant strategic asset of industrial companies that want to enhance their
environmental and operational results (Cho et al., 2026). Logistics sustainable practices assist companies in lowering
emissions, enhancing resource circulation, and aligning logistics operations with more extensive sustainability goals. This is
a capability that can have a positive impact on Renewable Energy Efficiency because there will be better coordination and
less wastage in the energy-related logistics operations (Golden et al., 2026). It can also enhance Renewable Energy Reliability
in that the environmentally friendly logistics systems will facilitate better planning, management, and sustainability of the
operations to do with renewable energy. Besides this, Green Logistics Capability also plays a direct role towards
Sustainability, by increasing the eco-efficient transportation, minimizing environmental impact, and responsible industrial
performance (Piffari et al., 2026). Companies that incorporate green logistics in their industrial policies will therefore have
greater chances of enhancing renewable energy performance and having increased Sustainability.

Ho: Green Logistics Capability has a positive influence on Renewable Energy Efficiency.
Hio: Green Logistics Capability has a positive impact on Renewable Energy Reliability.
Hui: Green Logistics Capability has a positive impact on Sustainability.

3. Methodological Approach

3.1. Theoretical Frameworks

It is supported by the Resource-Based View (RBV) that implies that the sustainability performance of industrial organizations
follows the exploitation of valuable, rare, inimitable and non-substitutable (VRIN) resources. In this sense, the use of IoT,
renewable energy, and the ability to use green logistics are regarded as the priority strategic resources that are bound to
facilitate the improvement of the sustainability performance in the industrial sector. Such capabilities allow the firms to
minimize operational inefficiencies, enhance energy use, minimize environmental effects, and sustain their long-term
sustainable status in the industrial environment. RBV identifies the reasons why certain companies manage to secure high
sustainability performance in harsh industrial environments through effective capture and utilization of internal resources.
The dynamic capabilities concept is the skill of the firm to adjust, restructure and refresh its internal and external resources
in facing change in environmental and technological environments. This perspective emphasizes the importance of
competitive advantage because of resource endowment and the capability of the firm to restructure them in dynamic areas.
As dynamism can also be observed in the application of IoT technologies to enhance monitoring, decision-making, integration
of renewable energy, and the coordination of green logistics operations with the variable industrial and environmental needs,
we apply the Dynamic Capabilities Theory to the study. The proposed research paper provides a comprehensive insight
regarding how the use of IoT can result in sustainability performance due to the influence of renewable energy as a mediating
variable and green logistics capability as a moderating variable in the industrial environment.

3.2. Theoretical Development

The study employed a quantitative research design to provide a structured explanation of the relationships among IoT
Adoption, Renewable Energy, Green Logistics Capability, and Sustainability Performance in the industrial sector. The study
has been designed to test both the direct and indirect hypotheses stated in the conceptual model, with a focus on the mediating
effect of Renewable Energy and the direct impact of Green Logistics Capability on the primary outcome variables. The
questionnaire was used to collect quantitative data from respondents who were employed in industrial companies. The
quantitative part has used survey questionnaires based on previous, validated research in the fields of IoT Adoption,
Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy Reliability, Green Logistics Capability, and
Sustainability Performance. All the measures were formed on a five-point Likert scale. To assess the measurement integrity,
Cronbach’s Alpha and Composite Reliability (CR) were also calculated, and both were above the acceptable level of 0.70.
Convergent validity was achieved with an Average Variance Extracted (AVE) of 0.50, respectively. The Fornell-Larcker
criterion and the Heterotrait-Monotrait ratio were used to confirm discriminant validity to prove construct distinctiveness.
The complexity of the model and the interconnection between the study constructs required the use of Smart-PLS 4.0 to
perform Partial Least Squares-Structural Equation Modeling (PLS-SEM). As shown in Figure 1, the conceptual model tested
in the current study includes relationships among [oT Adoption, Renewable Energy Adoption, Renewable Energy Efficiency,
Renewable Energy Reliability, Green Logistics Capability, and Sustainability Performance. The model suggests that the [oT
Adoption has a positive impact on Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy
Reliability, and Sustainability Performance. It further hypothesizes that Renewable Energy Adoption, Renewable Energy
Efficiency, and Renewable Energy Reliability positively affect Sustainability Performance. Moreover, Green Logistics
Capability will also positively influence Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy
Reliability, and Sustainability Performance. All the proposed hypotheses and their respective literature sources are reported
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in the summary table below.

Renewable Energy Efficiency |

S Sustainability
~
_

P
N Renewable Energy Reliability

Green Logistics
Capability

Figure 1: Research Model
Fig. 1. Conceptual model of study
This model illustrates the hypothesized relationships between IoT Adoption, Renewable Energy Adoption, Renewable

Energy Efficiency, Renewable Energy Reliability, Green Logistics Capability, and Sustainability Performance in the
industrial sector. The arrows indicate the proposed direct paths among the study constructs.

Table 1
Summary of hypotheses and supporting literature.
Hypothesis Relationship Description Supporting Literature
H, IoT Adoption — Renewable Energy Adoption (Sobb et al., 2020)
H; IoT Adoption — Renewable Energy Efficiency (Mallick et al., 2023)
H; IoT Adoption — Renewable Energy Reliability (Dhal & Kar, 2025)
H, IoT Adoption — Sustainability Performance (Wasim et al., 2024)
H; Renewable Energy Adoption — Sustainability Performance (Khan et al., 2020)
Hs Renewable Energy Efficiency — Sustainability Performance (Nsisong et al., 2023)
H; Renewable Energy Reliability — Sustainability Performance (Pahune et al., 2024)
Hs Green Logistics Capability — Renewable Energy Adoption (Abdul et al., 2020)
Hy Green Logistics Capability — Renewable Energy Efficiency (Jefimovaite & VienaZindiene, 2025)
Hio Green Logistics Capability — Renewable Energy Reliability (Kamble et al., 2023)
Hi; Green Logistics Capability — Sustainability Performance (Pahune & Rewatkar, 2024)

3.3. Data Collection

Data was collected through a structured quantitative process targeting firms operating in the industrial sector. In the
quantitative stage, a structured questionnaire was distributed to industrial firms to obtain responses from managers,
supervisors, and decision-makers who possess sufficient knowledge of IoT adoption, renewable energy practices, green
logistics capability, and sustainability performance. Industrial firms were selected as the focal context due to their significant
role in economic development and their increasing need to adopt digital technologies and environmentally responsible
practices to improve long-term sustainability outcomes. The instrument was developed to measure organizational perceptions
regarding how IoT adoption influences renewable energy adoption, renewable energy efficiency, renewable energy
reliability, green logistics capability, and sustainability performance. The questionnaire covered several main sections,
namely demographic characteristics, [oT adoption, renewable energy adoption, renewable energy efficiency, renewable
energy reliability, green logistics capability, and sustainability performance. The data collection process focused on obtaining
valid responses from individuals directly involved in operational, technological, logistics, and sustainability-related activities
within industrial firms. The questionnaire was designed in a clear and structured form to ensure consistency in responses and
to improve the quality of the collected data. Respondents were selected based on their professional involvement in industrial
operations and their ability to evaluate the firm’s digital and sustainability-related practices. This approach supported the
collection of relevant data capable of explaining the relationships among the study variables. The collected responses were
then prepared for statistical analysis to test the proposed relationships in the conceptual model.

The study has a diverse and well-balanced sample in terms of demographic details of the respondents. The sample size is
64% male and 36% female, which gives a wider view of the effect of the adoption of IoT on the renewable energy and
sustainability performance in the industrial field. This percentage of male respondents could be explained by the
characteristics of industrial companies where the role of male participation is more evident in the operation, technical, and
logistics sectors. The age distribution is high 30 to 39 (41%), 40 to 49 (31%), 50 and above (16%), and below 30 (12%),
which implies that the majority of the respondents are at professionally mature stages and have the potential to have practical
experience in relation to digital systems, renewable energy practices, and green logistics activities. On the educational front,
52 percent of them have a bachelor’s degree, 32 percent have a master’s or a doctorate, and 16 percent have a diploma, which
means that it is a well-informed population that can provide useful information. Most of the cohort encompasses Business
Management (45%) and Finance and Accounting (35%), and 15% are covered by Social Sciences and 5% by Other Fields,
highlighting the applicability of the academic and professional backgrounds used in the study. Notably, this profile offered a
comprehensive analysis using various views within the industrial sector and this made the study highly accurate.
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Table 6

Demographic information of respondents.
Characteristic Frequency Percentage
Gender
Male 148 64
Female 84 36
Age
Under 30 28 12
30-39 96 41
4049 71 31
50 and above 37 16
Education
Diploma 36 16
Bachelor’s Degree 121 52
Master’s/Doctorate Degree 75 32
Experience
Less than 5 years 31 13
1014 years 54 23
15-19 years 73 31
20-24 years 46 20
25+ years 28 12
Specialization
Business Management 72 31
Finance and Accounting 61 26
Social Sciences 78 34
Other Fields 21 9

3.4. Data Analysis

Data analysis will be performed through Partial Least Squares Structural Equation Modeling (PLS-SEM) as the latter is
especially appropriate in terms of this research due to the ability to deal with the complex relationships between variables,
including several direct effects between constructs and the evaluation of interrelated paths through a single research model.
PLS-SEM will aid in examining the correlation amid the IoT Adoption, Renewable Energy Adoption, Renewable Energy
efficiency, Renewable Energy Reliability, Green Logistics Capability, and Sustainability Performance and concentrate on
the structural relations suggested in the study model. This comparison assesses the direct impacts of the [oT Adoption on
Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy Reliability, and Sustainability Performance.
The paper also determines the direct implications of Renewable Energy Adoption, Renewable Energy Efficiency, and
Renewable Energy Reliability on Sustainability Performance. Also, the immediate impact of the Green Logistics Capability
on Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy Reliability and Sustainability
Performance will be investigated. All the elements of the research model will be carefully analyzed to establish the causal
association between the variables and their effects on the sustainability performance in the industrial sector. Measurement
models will be carried out prior to structural model testing to test the research instrument reliability and validity. The issue
of reliability will be addressed using the values of Cronbach Alpha and Composite Reliability, where acceptable values are
above 0.70. Convergent validity will be determined using factor loadings and Average Variance Extracted (AVE), in which
the values of AVE should be greater than 0.50. The Fornell-Larcker criterion and the HTMT ratio will be used to measure
the discriminant validity to ensure the uniqueness of the study constructs. After the evaluation of the measurement model,
the structural model will be evaluated based on path coefficients, t-values, p-values, and coefficient of determination (R 2).
To measure the significance of the proposed hypotheses and to identify the strength of the relationship between the variables,
bootstrapping procedures will be used. The process will offer a clear explanation of the role of IoT Adoption, Renewable
Energy dimensions, and Green Logistics Capability in the industrial sector Sustainability Performance. Using PLS-SEM, this
research will provide an in-depth insight into the correlation between technological capability and renewable energy
dimensions, logistics capability and sustainability outcomes. The given approach to analysis gives a solid ground to
understand how industrial companies can enhance Sustainability Performance by successfully implementing IoT, enhancing
renewable energy practices, and developing an environmentally friendly logistics capacity.

4. Result

The factor loading of the measurement model is presented in Table 2 and validates reliability and validity of the constructs
adopted in the study. The findings show that all the loadings of the factors were above the recommended level of 0.70, which
is indicative of the reliability of the indicators of all items. Factor loadings of Green Logistics Capability were found to be
between 0.703 and 0.818, Cronbach’s Alpha =0.856, Composite Reliability= 0.893 and AVE = 0.583 which are acceptable
internal consistency and convergent validity. IoT also exhibited high measurement properties with factor loading of 0.797
was equal to 0.831, Cronbach’s Alpha of 0.878, Composite Reliability of 0.911, AVE of 0.672, all of which surpassed the
recommended levels. The factor loadings under Renewable Energy Adoption were found to be between 0.776 and 0.886,
with Cronbach’s Alpha of 0.853, Composite Reliability of 0.901 and AVE of 0.695, indicating the reliability and validity of
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this construct. Correspondingly, Renewable Energy Efficiency has shown very high factor loadings of 0.810 to 0.925 with
Cronbach’s Alpha of 0.907, Composite Reliability of 0.935 and AVE of 0.782 which indicates a high level of internal
consistency and convergent validity. Renewable Energy Reliability was also found to have high factor loadings of 0.874-
0.896 with a Cronbach’s Alpha of 0.904, Composite Reliability of 0.933 and AVE of 0.776 indicating that this construct is
reliable and valid. Sustainability was also determined to be a very dependable and valid construct with loadings of factors
ranging between 0.830 and 0.893, Cronbach Alpha = 0.915, Composite Reliability = 0.936, and AVE=0.745. In general, all
constructs had Cronbach’s Alpha and Composite Reliability values above 0.70 and AVE values above 0.50 thereby validating
high internal consistency and convergent validity. Such results point to the fact that the measurement model used in the
present study is strong and can be subjected to further structural model analysis.

Table 2
Factor loadings
Constructs Items Factor Loadings Cronbach’s Alpha C.R. AVE
GLClI 0.735
GLC2 0.795
. - GLC3 0.703
Green Logistics Capability GLCA 0.744 0.856 0.893 0.583
GLCS 0.818
GLC6 0.779
IoT1 0.797
IoT2 0.828
IoT IoT3 0.831 0.878 0911 0.672
IoT4 0.828
I0T5 0.813
REALI 0.822
. REA2 0.776
Renewable Energy Adoption REA3 0.886 0.853 0.901 0.695
REA4 0.848
REEI 0.925
. REE2 0.880
Renewable Energy Efficiency REE3 0.919 0.907 0.935 0.782
REE4 0.810
RER1 0.874
S RER2 0.877
Renewable Energy Reliability RER3 0.896 0.904 0.933 0.776
RER4 0.876
Sul 0.872
Su2 0.831
Sustainability Su3 0.830 0.915 0.936 0.745
Su4 0.890
Su5 0.893
Table 3
HTMT
1 2 3 4 5 6
(1) Green Logistics Capability
(2) IoT 0.641
(3) Renewable Energy Adoption 0.832 0.552
(4) Renewable Energy Efficiency 0.765 0.333 0.565
(5) Renewable Energy Reliability 0.851 0.447 0.872 0.640
(6) Sustainability 0.581 0.710 0.473 0.248

Table 3 presents the HTMT criterion, which compares the correlation between constructs with the correlation within each
construct. Discriminant validity is considered good when the HTMT values are below 0.90. In our study of Green Logistics
Capability, the HTMT values in relation to other constructs range between 0.581 and 0.851, which fall below the 0.90
threshold and reflect satisfactory discriminant validity. The same can be observed for IoT, as its HTMT values relative to
other constructs range from 0.333 to 0.710, indicating that it is also distinct from the other variables. Renewable Energy
Adoption shows the highest HTMT values with the remaining constructs, ranging from 0.473 to 0.872, all of which remain
within acceptable limits for discriminant validity. Renewable Energy Efficiency also exhibits HTMT values between 0.248
and 0.765 with other constructs, all lower than the cutoff of 0.90, further supporting its discriminant validity. The HTMT
values for Renewable Energy Reliability range from 0.350 to 0.872 with other constructs, and all values are below 0.90,
demonstrating its uniqueness within the measurement model. Sustainability also shows acceptable HTMT values with the
other constructs, ranging between 0.248 and 0.710.

The HTMT results indicate that the factors, including Green Logistics Capability, IoT, Renewable Energy Adoption,
Renewable Energy Efficiency, Renewable Energy Reliability, and Sustainability, are distinct constructs reflecting different
dimensions of measurement. This establishes that the measurement model used in this study is robust, as all constructs have
been measured appropriately, thereby ensuring robustness. Convergent validity was demonstrated through the high
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correlations among the validated measures in the study. The Fornell-Larcker criterion was employed to distinguish the
common variation among the manifest variables in the model. Indicator factor loadings and average variance extracted (AVE)
are expected to illustrate a high level of convergent validity. Convergent validity is established when the AVE exceeds 0.50.
The AVE for Green Logistics Capability is 0.583; for [oT, it is 0.672; for Renewable Energy Adoption, 0.695; for Renewable
Energy Efficiency, 0.782 and for Renewable Energy Reliability, 0.776. All these values exceed 0.50, providing evidence of
high convergent validity for each construct in the model. The Fornell-Larcker criterion applied in Table 3 further confirms
that all constructs are distinct and share a significant level of variation among their indicators, which justifies the measurement
model of the present study.

Table 4
Fornell-Larcker
1 2 3 4 5 6
(1) Green Logistics Capability 0.763
(2) IoT 0.560 0.820
(3) Renewable Energy Adoption 0.732 0.479 0.834
(4) Renewable Energy Efficiency 0.683 0.304 0.507 0.884
(5) Renewable Energy Reliability 0.737 0.401 0.803 0.588 0.881
(6) Sustainability 0.518 0.645 0.422 0.237 0.321 0.863

Table 4 presents the Fornell-Larcker criterion (Fornell & Larcker, 1981) and provides information about the discriminant
validity of the constructs used in the study. The diagonal values in the table represent the square roots of the Average Variance
Extracted (AVE) for each construct. To establish discriminant validity, these diagonal values should be greater than the inter-
construct correlations. For Green Logistics Capability, the diagonal value is 0.763, which is higher than its correlations with
IoT, Renewable Energy Efficiency, and Sustainability, although it is slightly lower than its correlations with Renewable
Energy Adoption and Renewable Energy Reliability. The IoT construct has a diagonal value of 0.820, which is greater than
its correlations with Green Logistics Capability, Renewable Energy Adoption, Renewable Energy Efficiency, Renewable
Energy Reliability, and Sustainability. The correlation between Renewable Energy Adoption and IoT, Renewable Energy
Efficiency, and Sustainability is 0.834. This value exceeds the correlation with Renewable Energy Reliability and is within
a close range of the associations with the other two constructs. Renewable Energy Efficiency has a diagonal value of 0.884,
which is higher than any of its correlations with the other constructs. The diagonal value of Renewable Energy Reliability is
0.881, which is greater than its correlations with IoT, Renewable Energy Efficiency, and Sustainability. The correlation
between Sustainability and the other constructs in the model is 0.863, which is the highest value and exceeds its correlations
with the other constructs. These findings indicate the relative sufficiency of discriminant validity for the measurement model,
which justifies the selection of the predictors in this study. The diagonal values, ranging from 0.763 to 0.884, demonstrate
that most constructs share greater variance with their own indicators than with other constructs in the model. These results
confirm the uniqueness of IoT, Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy Reliability,
and Sustainability. Thus, the Fornell-Larcker criterion provides reasonable justification for the measurement model used in
this research and suggests that the selected constructs can effectively explain Sustainability Performance in the industrial
sector.

Table 5

R? Adjusted
Variable R? R? Adjusted
Renewable Energy Adoption 0.788 0.784
Renewable Energy Efficiency 0.486 0.475
Renewable Energy Reliability 0.712 0.705
Sustainability 0.187 0.169

In Table 5, the R? values show that the model accounts for 78.8 percent of the variation in Renewable Energy Adoption, 48.6
percent in Renewable Energy Efficiency, 71.2 percent in Renewable Energy Reliability and 18.7 percent in Sustainability.
The adjusted R? of 78.4, 47.5, 70.5 and 16.9 respectively prove that the model maintains a consistent explanatory power after
considering the number of predictors. Path coefficients were used to test the hypotheses used in this study, just like the beta
weights in classical regression analysis. Path coefficients are the measures of the strength and direction of relationships
between variables having the values between -1 to +1. The value of a coefficient that is either negative or positive with a
value that is further away will mean that the other variable will change as the other variable varies, and a value that is near to
zero would mean a weak association between the two variables. The statistical output is examined by the coefficient, standard
error, t-value, and p-value to show the importance of these relationships. The importance of each path is decided depending
on the t-value and the p-value of all the hypothesized relationships. The statistics of a p-value at or below the critical value
of 0.05 will be treated as evidence of the relationship between the two variables and will demonstrate the path coefficient
was statistically significant and greater than zero in the hypothesized direction. The significance of this process is in the
verification that the model is efficient in the process of capturing the Sustainability Performance and the correlation with the
IoT Adoption, Renewable Energy dimensions, and Green Logistics Capability across the industrial sector. Path coefficients
were used to validate and reflect the strength of interrelationships in the overall structural model by researchers. The table
below (Figure 2) shows these results in the form of the path coefficients and their significance; therefore, the loT Adoption,
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Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy Reliability, and Green Logistics Capability
are important in explaining the Sustainability Performance in the industrial sector.
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Fig. 2. The results of the relationship between different components

Positive relationships exist among IoT Adoption, Renewable Energy Adoption, Renewable Energy Efficiency, Renewable
Energy Reliability, Green Logistics Capability, and Sustainability. Dashed arrows represent non-significant relationships.

5. The Measurement Model of Researched Variables

Concerning the effects of the IoT Adoption on Sustainability Performance in the industrial sector, this model will include
IoT Adoption, Green Logistics Capability, Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy
Reliability and Sustainability Performance. The framework connects the IoT Adoption and Green Logistics Capability with
Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy Reliability and finally sustainability
performance. The empirical model that was created within the framework of the present study was supposed to consider the
direct associations between the variables of IoT Adoption and Renewable Energy dimensions, Green Logistics Capability,
and Sustainability Performance. The model tested several paths through a Structural Equation Model (SEM) analysis, which
included the direct effects of the IoT Adoption on Renewable Energy Adoption, Renewable Energy Efficiency, Renewable
Energy Reliability, and Sustainability Performance as well as the direct effects of the Green Logistics Capability on the same
endogenous variables. The framework is based on theoretical concept of the RBV and Dynamic Capabilities Theory and has
been observed to capture empirical phenomena in the industrial sector. This approach permitted the fine-grained
acknowledgment of the impacts of IoT Adoption and Green Logistics Capability on renewable energy dimensions and
sustainability outcomes and came to a more comprehensive view of the causal relationships. According to Fig. 2,
Sustainability Performance is the dependent variable in the model whereas Renewable Energy Adoption, Renewable Energy
efficiency and renewable energy reliability are the key endogenous variables linked to both the IoT Adoption and Green
Logistics Capability. It implies that Sustainability Performance can be enhanced by enhancing digital and green logistics
practices due to their influence on the renewable energy-related aspects in the industrial sector. The hypotheses testing
estimates reveal the following results: lIoT Adoption significantly influences Renewable Energy Adoption (f = 0.542, t =
6.691, p =0.000), Renewable Energy Efficiency (3 =0.214,t=2.277, p = 0.023), Renewable Energy Reliability (f = 0.287,
t=3.225, p=0.001), and Sustainability Performance ( = 0.176, t = 2.479, p = 0.013), with all hypotheses (Hi, H2, H3, and
Ha) being supported. The effect of Renewable Energy Adoption on Sustainability Performance (= 0.329, t =3.826, p = 0.000)
is significant and validates Hs. The influence of Renewable Energy Efficiency on Sustainability Performance, however, is
not statistically significant (0.072, t = 1.241, p =0.215), and Hg is not supported. Renewable Energy Reliability has a strong
impact on Sustainability Performance (= 0.158, = 2.079, = 0.038), which confirms H;. Green Logistics Capability
significantly influences Renewable Energy Adoption (B = 0.301, t = 3.272, p = 0.001), Renewable Energy Efficiency (f =
0.185,t=2.342, p = 0.019), and Sustainability Performance (B = 0.247, t = 2.976, p = 0.003), supporting Hs, Ho, and H;.
Nevertheless, it does not have a significant impact on Renewable Energy Reliability (= 0.063, = 1.235, =0.217) and Hjo is
not proved. These results show that the role of IoT Adoption in explaining Renewable Energy dimensions and Sustainability
Performance is high, whereas Renewable Energy Adoption and Renewable Energy Reliability play an important role in
explaining Sustainability Performance. Significant effects of Green Logistics Capability are also observed on most of the
endogenous constructs, but the relationship between it and Renewable Energy Reliability is not upheld in the present study.

Table 6
Hypotheses testing estimates—path coefficient—direct.

Hypo Relationships Standardized Beta Standard Error T-Statistic p-Values Decision
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H, IoT Adoption — Renewable Energy Adoption 0.542 0.081 6.691 0.000 Supported
H, IoT Adoption — Renewable Energy Efficiency 0214 0.094 2277 0.023 Supported
H; IoT Adoption — Renewable Energy Reliability 0.287 0.089 3.225 0.001 Supported
H, IoT Adoption — Sustainability Performance 0.176 0.071 2.479 0.013 Supported
H;s Renewable Energy Adoption — Sustainability Performance 0.329 0.086 3.826 0.000 Supported
Hs Renewable Energy Efficiency — Sustainability Performance0.072 0.058 1.241 0.215 Unsupported
H; Renewable Energy Reliability — Sustainability Performance0.158 0.076 2.079 0.038 Supported
Hs Green Logistics Capability — Renewable Energy Adoption 0.301 0.092 3.272 0.001 Supported
Hy Green Logistics Capability — Renewable Energy Efficiency 0.185 0.079 2.342 0.019 Supported
Hyo Green Logistics Capability — Renewable Energy Reliability 0.063 0.051 1.235 0.217 Unsupported
Hi, Green Logistics Capability — Sustainability Performance  0.247 0.083 2.976 0.003 Supported

5. Discussion

This paper has investigated the other relationship between the IoT Adoption, Renewable Energy Adoption, Renewable
Energy Efficiency, Renewable Energy Reliability, Green Logistics Capability, and Sustainability Performance in the
industrial sector. The findings indicate that the IoT Adoption has a significant positive correlation with Renewable Energy
Adoption, Renewable Energy Efficiency, Renewable Energy Reliability, and Sustainability Performance. It was noted that
the IoT adoption has both positive direct effects on Renewable Energy Adoption and positive direct effects on Renewable
Energy Efficiency, Renewable Energy Reliability, and Sustainability Performance. This outcome demonstrated that IoT
Adoption enhances monitoring in industries, provides resource coordination, and real-time decision-making, which reinforces
energy-related practices and sustainability results in the long term. It means that IoT Adoption can be a useful tool to enable
sustainable industrial practices and improve Sustainability Performance in industries. Similarly, Renewable Energy
Adoption, Renewable Energy Efficiency, and Sustainability Performance had direct and positive effects on Green Logistics
Capability, which supports its contribution to supporting environmental alignment in the industrial operation. Green logistics
promotes the increase of operational responsiveness and the rational use of resources, especially in industrial contexts where
the logistics processes are tied directly to the sustainability goals. However, the case of Renewable Energy Efficiency was
different since no significant direct impact on Sustainability Performance was observed. It means that even though Renewable
Energy Efficiency contributes to the enhancement of operations, its impact on sustainability performance is not as
straightforward as other renewable energy aspects. The nonexistent effect of Renewable Energy Efficiency on Sustainability
Performance may be attributed to several contextual circumstances. To begin with, the efficiency of industrial firms in using
renewable energy cannot be operational enough to enhance Sustainability Performance except when it is accompanied by
wider environmental commitment and organizational support. Second, industrial companies can still operate on more
traditional systems, and this implies that energy efficiency will not necessarily translate to apparent sustainability gains.
Third, Renewable Energy Efficiency within specific industrial contexts might be more of an enabling operational process
than a strategic Sustainability Performance driver. In the same way, the effect of Green Logistics Capability on Renewable
Energy Reliability was not significant. This can imply that reliability on renewable energy relies more on technical
infrastructure, maintenance systems, and mechanisms of continuity of operation as opposed to logistics practices per se.
These findings indicate that even though Green Logistics Capability is a key driver of several sustainability-related outcomes,
its implication on Renewable Energy Reliability is not as direct as many would assume. The findings underscore the
importance of IoT Adoption and Green Logistics Capability in supporting sustainable practices that can be used to enhance
Sustainability Performance in the industrial industry. Quite to the contrary, despite the positive contribution of Renewable
Energy Efficiency to energy use, its contribution to Sustainability Performance is not direct, which suggests the necessity of
higher-order or contingent associations to explain its effectiveness in the sustainability environment. This aligns with the past
proposals that sustainability results are not typically influenced by one factor, but rather as a blend of digital, operational,
and environmental practices. In addition to this, the results confirm the importance of Renewable Energy Adoption and
Renewable Energy Reliability in the connection between technological and operational capabilities and Sustainability
Performance. Renewable energy practices minimize the reliance of organizations on less sustainable systems and enhance
environmental inclination of industrial operations. The findings reveal the unique challenges and opportunities related to the
application of [oT-based systems and green logistics practices by industrial companies in the context of improving the long-
term Sustainability Performance.

5.1. Practical Implications

The findings of this paper can provide several practical suggestions that can be implemented to enhance the sustainability-
related approach in industrial companies and Sustainability Performance. Because IoT Adoption enhances Renewable Energy
Adoption, Renewable Energy Efficiency, Renewable Energy Reliability, and Sustainability Performance, companies need to
focus on the implementation of IoT-based systems in their strategy. They are technologies that can be used to enhance
monitoring of resources, reinforce the use of renewable energy, and contribute to environmentally friendly industrial
operations. Although Renewable Energy Efficiency contributes to the better use of energy, its contribution to the
Sustainability Performance is not evident, which means that companies need to incorporate it into a more comprehensive set
of environmental and organizational activities to make the most of it. Moreover, industrial business organizations should
appreciate the significance of Green Logistics Capability in facilitating sustainability. Firms that focus on green logistics
operations are in a better situation to enhance renewable energy performance and enhance long-term Sustainability



896

Performance. This is more so to the industrial companies which are trying to establish sustainable competitiveness and
enhance operational continuity amid evolving environmental factors.

5.2. Research Limitations and Future Research Opportunities.

Although the present research offers some significant understanding of the connection between the concepts of [oT Adoption,
Renewable Energy dimensions, Green Logistics Capability, and Sustainability Performance, a few limitations should be
considered. The theoretical model concentrates mainly on the fact that [oT Adoption and Green Logistics Capability can
explain Renewable Energy Adoption, Renewable Energy Efficiency, Renewable Energy Reliability, and Sustainability
Performance in the industrial sector. The model, however, might be improved by adding more mediators or moderators,
including organizational agility, environmental commitment, digital capability, or innovation orientation. It could give a more
detailed insight into the effect of IoT Adoption on sustainability outcomes. Also, the research is limited to the industrial
sector, which does not guarantee the generalizability of the results to other settings. Future studies may expand the study to
different industries and nations and offer a more comprehensive view on how IoT and renewable energy may be used to
enhance Sustainability Performance. Moreover, research involving bigger samples can enhance the strength and applicability
of the results in the future. The other possible direction of future study is to investigate how digital systems can be used by
industrial companies that have not yet implemented IoT technologies to enhance renewable energy habits and sustainability
performance. Comparative sectoral and cross-country analysis can also have good information on how to be sustainable in
competitiveness and transformation of industries.

6. Conclusions

The work is applicable to the literature as it emphasizes the importance of the [oT Adoption and Green Logistics Capability
in affecting Sustainability Performance due to its impact on Renewable Energy Adoption, Renewable Energy Efficiency, and
Renewable Energy Reliability within the industrial sector. The results highlight the significance of digital and green
operational strategies and methods of the industrial firms in dynamic and environmentally demanding settings that would
improve the sustainability outcomes. Although Renewable Energy Adoption and Renewable Energy Reliability were
identified to positively influence Sustainability Performance, Renewable Energy Efficiency had no direct impact on
Sustainability Performance, which suggests that adoption of renewable energy should be approached more as an integrated
strategy of managing energy and sustainability practices. The study contributes to the better understanding of how the IoT-
based systems, renewable energy dimensions, and green logistics capability can help to develop Sustainability Performance
and facilitate industrial success in more competitive and sustainability-oriented contexts.

7. Recommendations

Flexible IoT-based strategies to respond to changes in operations and the environment should be implemented by firms as a
way of enhancing Sustainability Performance in the industrial sector. The introduction of smart monitoring systems and
decision-making based on real-time data may help a great deal to improve the efficiency of renewable energy practices and
green logistics activities. The industrial companies need to invest in the modern digital infrastructure, renewable energy
sources, and logistics mechanisms that are environmentally oriented to enhance their sustainability performance and
operational status. Sustainability should be the key force of the industrial strategy that would empower the environmental
performance and lead to the long-term industrial development in the ever-competitive environment.
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