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Abstract

Environmental concerns are top priorities for all nations in the globe today. 
Organisations must thus address these problems given the ongoing pressure 
on them to take action that is environmentally friendly. One industry that has a 
negative impact on the environment is logistics. Logistics activities have greatly 
risen as a result of globalisation. The logistics market will reach USD 6,300 
billion on a global scale by 2024, with a compound annual growth rate of 4.9% 
from 2019 to 2024. In order to improve the environment and reduce carbon 
emissions, manufacturing companies are implementing new strategies and green 
regulations. Green logistics has recently gained popularity in wealthy nations. 
Despite being in developing nations, it is still in its early stages and requires more 
attention. The lack of promotion and adoption of green techniques in logistics 
by developing nations had been questioned. For the Indian manufacturing sector, 
the current study focuses on green logistics drivers, challenges, practices and 
performance metrics (especially in the oil and gas sector). Because it is a well-
known industry that generates a significant amount of carbon emissions, the oil 
and gas sector was chosen for the research study. This industry’s downward 
vertical includes the main logistics functions, such as marketing and wholesaling 
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and has never been centred on green logistics. The implementation of the green 
logistics practices is governed by a number of drivers and barriers that both 
enable its implementation and may serve as obstacles. These factors must be 
thoroughly explored because they are the most important ones. This study’s 
main goal is to provide a conceptual framework for green logistics that will apply 
to the logistics activities carried out by the Indian manufacturing industry (oil 
and gas) and the impact they have on economic and environmental performance. 
In the context of the oil and gas industry, the key green logistics drivers that 
could facilitate the adoption of green logistics practises have been thoroughly 
researched. By outlining the finest green logistics methods and factors that the 
sector should take into account, this study is further developed. The officials 
and managers who work for the downward logistics of the oil and gas industry 
were selected for the study and the survey questionnaire was employed as the 
research tool. Finally, using structural equation modelling, the effects of these 
green logistics practises on economic and environmental performance have 
also been researched and examined (SEM). When developing various rules and 
incentives for the Indian manufacturing sector to encourage the adoption of 
green logistics practices, this report would be crucial for the government. The 
results of this study about various green logistics activities may be related to 
creating a long-term plan for the industrial sector. The research will be helpful to 
future researchers, practising managers, governmental organisations, academic 
institutions and the Indian manufacturing industry as a whole.
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Introduction

According to a report by the IBEF Knowledge Centre, India’s logistics industry is 
likewise growing quickly. One of India’s well-known domestic rating agencies 
stated that the country’s logistics market is presently valued at about USD 160 
billion and is expected to increase at a rate of up to 10% in the coming years. The 
rise is an improvement over the compound annual growth rate (CAGR) of 7.8% 
that the industry had experienced over the previous five years (IBEF, n.d.).

Typically, the logistics system is blamed for having a considerable impact on 
global energy consumption and greenhouse gas (GHG) emissions (Kim & Han, 
2011; Murphy & Poist, 2003). In the United States, the transportation sector is 
primarily responsible for 28% of all GHG emissions (USEPA, 2021). Stakeholders 
are putting more pressure on businesses to accept responsibility for the negative 
and damaging effects their three logistical operations have on the environment. 
The current study focuses on green logistics practices, which the Indian 
manufacturing industry is either doing now or plans to apply in its logistics 
operations (especially in the oil and gas industry). The implementation of the 
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green logistics practices is governed by a number of drivers and barriers that both 
enable its implementation and may serve as obstacles. These ‘drivers’ and 
‘barriers’ are the important elements, thus they must be thoroughly investigated. 
The performance will also be impacted by the use of green logistics practices. The 
research discusses performance in terms of both the economy and the environment.

The primary goal of this research study is to create a conceptual framework for 
the green logistics practises used in the operations of a specific Indian 
manufacturing sector (oil and gas) and their impact on the performance of the 
economy and the environment. By leveraging this study and investigating the 
green logistics techniques being used by a small portion of the Indian manufacturing 
sector, a theoretical framework has been developed. First, there has been a lot of 
research done on the key factors and obstacles that could help or impede the 
adoption of green logistics practises. This study is expanded upon by a list of the 
top green logistics strategies that the Indian manufacturing sector should take into 
account (especially the oil and gas industry). Their economic and environmental 
performances have eventually been examined in relation to green logistics 
techniques. Such thorough research studies could aid the Indian manufacturing 
sector in strategic decision-making regarding the adoption of green logistics 
practises for achieving environmental goals, as well as providing insight into the 
effects of these practises on the environmental and economic performances, 
thereby achieving long-term sustainability.

The move towards greening logistics, which should not only focus on following 
government regulations but also satisfy customer demands and uphold 
environmental obligations, is motivated by the rising environmental awareness. 
Green logistics affects society, the economy and the environment in addition to 
the environment. Green logistics, according to Lee and Klassen (2008), are 
logistics activities carried out by a business or organisation that considers 
environmental concerns and integrates them into the supply chain to improve 
environmental performance. The term ‘green logistics’ is used to describe a 
number of procedures that minimise the environmental issues associated with 
logistics operations by maintaining a balance between economic and environmental 
outcomes. Green logistics is the development of current logistics that emphasises 
the performance of these logistics-related activities in an eco-friendly manner to 
understand economic growth while preserving the available and existing 
resources, thereby safeguarding the environment from the negative effects of the 
activities (Zang et al., 2020).

According to a study by EyeforTransport (O’Reilly, 2007), about 25% of tested 
businesses in the United States, United Kingdom, Gulf countries and Asia Pacific 
have worked with outside logistics providers to promote their image as being 
more environmentally friendly or advance their green and sustainable projects. 
Utilising green logistics helps to promote stable growth in the economy and 
environment by reducing the negative effects of logistical activities on the 
environment, such as gas emissions, trash and noise (Wang et al., 2018). In other 
words, green logistics strives to reduce environmental harm and damage caused 
by logistics during various logistics activities and aids in environmental clean-up, 
allowing for the efficient and effective use of logistics resources. As a result, 
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environmentally friendly and sustainable development is made possible. Green 
logistics operations consider how different distribution techniques would affect 
the environment, how much energy will be used during those activities, how 
much garbage will be produced, and how to manage that waste’s treatment (Sbihi 
& Eglese, 2009). According to Martinsen and Bjorklund (2012), there is an 
increase in demand for green logistics activities. The interest in green logistics is 
rising as a result of this trend. By incorporating the green concept into their 
logistical systems, businesses in the manufacturing industry and other sectors are 
forced to increase both their efficiency and environmental performance. 
Academics, teachers and managers are debating the environmental challenges in 
logistics-related operations as a result. By supporting the industrial sector’s pro-
environmental initiatives, numerous reports and projections have been issued to 
demonstrate the significance and urgency of this area of knowledge. However, the 
emergence of environmental concerns in logistics operations, particularly in poor 
nations, is still in its infancy.

Manufacturing is the backbone of any nation and is crucial to contemporary 
civilisation since it encompasses a wide range of activities, from textile 
manufacture to steel production. Manufacturing is built on the idea of transforming 
raw materials into the practical goods that society needs and uses. Several 
divisions of the manufacturing industry exist depending on various variables. The 
manufacturing sector is segmented as follows according to the raw materials 
employed:

1. Agro-based Industries: Cotton, Wool, Jute, Sugar, Tea, Coffee, Silk, 
Textile, Rubber, etc.

2. Mineral-based Industries: Iron and Steel, Aluminium, Cement, Oil and 
Gas, etc.

The oil and gas sector plays a significant role in the global logistics system, which 
also includes international shipping, export and import services, and inventory 
management. As a result, this sector provides room for a workable strategy to 
achieve the viability of environmentally friendly logistical activities. This is one 
of the justifications for taking into account this sector for implementation studies 
of green logistics methods in the context of Indian manufacturing. One of the 
most significant major non-renewable resources in the planet, petroleum is 
acquired from offshore or underground areas (Hussain et al., 2013). Oil is crucial 
because it generates income for the nation.

Given that countries with oil deposits are among the richest in the world, the 
worldwide supply and distribution of these reserves, as well as their consumption 
and production, are incredibly uneven (Yergin, 2011). By 2050, it has been 
predicted that there will be about 9.8 billion people on the planet (UNPD, 2017). 
Additionally, the population of India is growing quickly and has already surpassed 
140 Crore.

India’s enormous population growth has significantly strained the country’s 
existing and readily accessible non-renewable resources, which in turn affects 
climate change. Additionally, the downward-vertical logistical activities of the oil 
and gas business in India make it one of the most polluting industries in the world 
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(Abubakar, 2014). Thus, it is essential to incorporate green practices into the 
logistics for oil and gas, as this will aid in resolving environmental issues. In order 
to address some of the environmental challenges in the business, sustainable 
logistics methods should be implemented in the logistical operations of India’s oil 
and gas sector. There is a dearth of research on green logistics in this sector, and 
little is known about the factors that influence whether green logistics methods are 
adopted or used, as well as how they affect both environmental and economic 
performances. Only a few studies have addressed the importance of sustainability, 
environmental protection and GHG emission reduction measures. Although it is 
uncommon for research to be focused on examining the elements that affect 
enterprise performance (Frynas, 2009; García-Rodríguez et al., 2013; Wan Ahmad 
et al., 2016).

The idea of ‘green logistics’ is still in its infancy in India and requires a lot of 
attention. Although it is aware of the green logistics idea, the manufacturing sector 
is still not fully applying it. There are not many research works on the subject 
specifically related to the Indian manufacturing industry. Both of the green 
logistics strategies have been the subject of all studies. In the context of the Indian 
oil and gas industry, there are no studies that examine all the activities of green 
logistics techniques and their effects on performances. However, due to the 
narrow scope of this study, the researcher was unable to locate a single empirical 
study that addresses many green logistical challenges in one location, let alone in 
the context of the descending logistics activities of the Indian oil and gas business. 
Additionally, the majority of studies have only taken into account one or a 
maximum of two green logistics operations. Studies have talked about how 
transportation affects productivity. However, these studies do not pay attention to 
other performances, including economic and environmental ones. By doing the 
research that provides a foundation for the complete performance of green 
logistics practices, many holes will be filled. Research on the practices and 
performance difficulties of green logistics methods within the Indian manufacturing 
industry is lacking, according to green logistics academics. By creating a green 
logistics performance-based framework with the aid of various descriptive and 
inferential statistical studies on a subset of the Indian manufacturing industry, the 
current research study intended to close these gaps (oil and gas). This will make it 
easier for businesses in related industries to adopt green practices that will improve 
how they manage their overall performances.

The lockdown, slower pace of mobility and lower usage of fossil fuels have 
undoubtedly helped nature recover, but they are definitely not a fix. The quantity 
of CO2 and other GHG emissions has significantly decreased globally, and 
wildlife is now regaining former habitats. Different carbon policies have been 
developed and implemented over the last couple of decades by regulatory agencies 
and governments, but each of the plans has significant drawbacks.

A discussion of current carbon policies is as follows.
The United States of America saw an initial uptick in environmental-related 

activities and initiatives in the 1950s and 1960s (Ghosh et al., 2020). Later, the 
governments of numerous nations established varied carbon policies (Ghosh et al., 
2017). All of these measures fall into one of three main categories: carbon taxes 
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and prices, carbon cap-and-trade programmes and strict carbon cap policies 
(Ghosh et al., 2016). These policies’ mechanisms are as follows.

1. Carbon Tax Policy: Regulatory agencies impose taxes on each unit of 
emissions (Kushwaha et al., 2020). The fundamental tenet of the carbon tax 
policy, according to Labatt and White (2007), is to place a price on each unit of 
carbon emissions in order to earn money for funding brand-new prospects for 
advancement in green technology. This expense can be thought of as a more 
straightforward carbon tax (Ghosh et al., 2020). The amount of the emissions tax 
varies greatly between nations. This policy is quite straightforward and 
straightforward to apply compared to other policies (Ghosh et al., 2018).

2. Carbon Cap and Trade Policy: Organisations are permitted to emit under 
this policy, known as the cap, up to a certain limit. An organisation may purchase 
carbon credits from other organisations if it needs to emit more. It generates 
carbon credits that can be sold to other businesses if its emissions are below the 
target level (Ghosh et al., 2016).

3. Strict Carbon Cap Policy: Regulating bodies permit organisations to emit 
CO2 up to a threshold limit, which is known as the cap, in cases where rigorous 
carbon cap policies are in place. According to this policy, the fine for exceeding 
the limit is extremely severe (Chen et al., 2013). Therefore, businesses must 
control their carbon emissions to stay below the threshold. When it comes to 
carbon policies, this one is regarded as the strictest.

Literature Review

Green Logistics

The goal of logistics operations is to satisfy customers while incurring the fewest 
expenses and highest revenues possible. The phrase was first used in numerous 
reports of manufacturing companies. However, the term ‘logistics’ is now 
combined with ‘green’, leading to the creation of a new term ‘green logistics’.

It is also clear that the supply chain’s incorporation of environmental concerns 
can affect choices made about location, fuel type, raw material sourcing and route 
planning. According to Lee and Klassen (2008), ‘green logistics’ refers to an 
organisation’s activity that integrates environmental considerations into supply 
chain management (SCM). Green logistics practises include evaluating the 
environmental impact of various distribution strategies and cutting back on energy 
use (Sbihi & Eglese, 2009).

According to estimates, freight from logistics activities is the source of 8% of 
the global energy-associated carbon emissions (Karaman et al., 2020). The use 
and acceptance of green and low carbon logistics modes are in extensive 
development around the world due to the global increase in global warming and 
environmental degradation.
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A survey of the literature has been conducted in order to explore the topics 
already investigated by researchers in the field of green supply chain management 
(GSCM) and to determine the factors for the study of GSCM.

Historical Perspective of GSCM

Since the beginning of the industrial revolution, managing industrial pollution has 
been a significant social problem. The Indian oil and gas industry is experiencing 
severe environmental challenges, as can be observed from the literature review 
relating export and the environment. However, the researcher is adamant that 
environmental concerns should not prevent a promising industry from expanding. 
As a result, the implementation of GSCM is required to support the expansion of 
the oil and gas industry and exports. To further evaluate the GSCM performance 
of the respondent organisations in question, it is crucial at this point to research the 
GSCM-related literature in order to have a thorough understanding of the premise 
and parameters of the GSCM.

According to Sarkis et al. (2011), the multidisciplinary field of GSCM has 
gained importance from academia and industry in recent years. Both environmental 
management and SCM literature are the sources of GSCM. Addressing the impact 
and connections between SCM and the environment is part of adding the ‘green’ 
component to supply-chain management. Since the industrial revolution, there 
have been significant historical concerns about industrial pollution and its impact 
on the environment. Adam Smith’s labour-specialisation policies spawned the 
growth of suppliers and vendors, manufacturing, logistics, distribution and 
marketing, which resulted in the creation of the specialised field of study known 
as SCM.

These were some of the early advancements in the field of GSCM, according 
to Seuring and Müller (2008), which were subjective and conceptual in nature and 
introduced numerous concepts and practises linked to GSCM. As the subject has 
expanded, case studies investigation led to the development of a theory, which 
was then tested through empirical studies presented as models. Therefore, GSCM 
refers to the process of incorporating environmental considerations into SCM, 
which includes product design, material sourcing and selection, manufacturing 
procedures, delivery of the finished product to consumers and end-of-life 
management of the product after its useful life (Srivastava, 2007).

Green Process Design

A straightforward method for achieving green design, according to Graedel 
(2002), is to remove a potentially hazardous material from a process or product or 
to process one that is less problematic. However, this method is occasionally 
unwelcome and may hasten the depletion of potentially limited resources.

Hendrickson et al. (2001) claim that because environmental issues were 
completely disregarded throughout the creation of new products and processes, 
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green design aids in the development of environmentally friendly products and 
processes. Untreated hazardous garbage is disposed of wherever it is most 
convenient. By introducing the idea of green into the design process, these issues 
can be solved. He argued that the three objectives for a sustainable future should 
be the primary focus of the notion of green design:

 •  Manage renewable resources to ensure sustainability.
 •  Minimise the use of non-renewable resources.
 •  Elimination of toxic and harmful emissions to the environment.

Green Procurement

According to Salam (2008), a green purchase is one that incorporates actions such as 
material reduction, reuse and recycling into the purchasing process. He added that it is 
a solution for businesses that are both environmentally conscious and prudent 
financially. This idea reduces environmental effect through product selection.

Jumadi and Zailani (2010) backed up Salam’s claim by stating that ‘green 
procurement’ is the practice of acquiring goods or services that have a lower 
overall environmental impact. They recommended a few typical components of 
green procurement programs:

 •  Recycled products content
 •  Energy efficient products and energy efficient standby power devices
 •  Alternative fuel and fuel-efficient vehicles
 •  Bio-based products
 •  Non-ozone depleting substances
 •  Environmental protection priority chemicals

Green Manufacturing

The crucial facets of green operations include green manufacturing and 
remanufacturing (Srivastava, 2007). According to Johansson and Winroth (2009), 
green manufacturing seeks to continuously improve industrial practises and end 
products in order to lessen or prevent contamination of the air, water and land. 
Additionally, they said that by making these enhancements, hazards to humans 
and other species might be reduced.

Employee involvement is crucial for creating or implementing environmental 
performance within the company, according to Johansson and Winroth (2009). 
Because industries’ environmental effects have lasted for a long time, green 
manufacturing depends on long-term thinking. A fast shift will require greater 
capital investment, but if a longer time frame is taken into account, it is responsible.

Green Marketing

According to Ishaswini and Datta (2011), the creation of the green marketing mix 
‘which preserves natural resources and at the same time delivers value-added 
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products and services’ is a result of consumer consumption of eco-friendly 
products and attitudes toward these items.

Chen and Chai (2010) defined ‘green marketing’ as the actions made by 
businesses to address environmental or ‘green’ issues by providing sound products 
or services to satisfy consumers and society. Kumar (2011) asserts that green 
marketing has grown because, despite the fact that human demands are limitless, 
natural and manmade resources are scarce.

According to Chitra (2007), eco-friendly items are made with less harm to the 
environment in mind when they are planned and manufactured. When there was a 
great deal of discussion about Rachel Carson’s Silent Spring, which published and 
addressed serious concerns on the sustainable and healthy environment, in the 
1960s, environmental issues gained international attention (Marly et al., 2011).

Green Logistics and Distribution

According to Jiange (2008), the growth of solid waste has a significant impact on 
sustainable development. To address this issue, the green packaging method is 
used, which covers the entirety of the package life cycle.

Indicators for system evaluation are used to monitor and manage the packaging 
system (Zhang & Liu, 2009). Green distribution can be broken down into green 
packaging and green logistics, according to Shalishali et al. (2009). Size, shape and 
material considerations that affect distribution also have an impact on a product’s 
transport characteristics. Better packaging and altered loading patterns can be employed 
to enhance space and decrease the amount of handling needed to offset these effects.

The oil and gas industry is one of the eight key industries and has a significant 
influence in the economy’s decision-making. The country’s economic expansion 
is closely tied to the demand for energy; as a result, it is anticipated that the oil and 
gas sector would expand even more, which is good news for investors. Numerous 
additional industrial fields are supported by this business. However, it poses a 
serious threat to the ecosystem and has a negative impact on many aspects of our 
world, including the air, water and soil.

The distributor and the oil and gas manufacturing sector are connected by a 
crucial logistical chain. Road transportation is used for the majority of logistics 
operations. This method is popular because it is adaptable and allows for the delivery 
of supplies to remote sections of the nation (Mariano, 2017). Oil consumption in 
India increased from 2008 to 2016 at a CAGR of 3.3%, reaching 4.0% in 2016. By 
2025, India would surpass the United States and China as the third- and second-
largest oil consumers in the world, respectively. In India, there are around 56,190 
retail gas stations as of March 2016—13,000 each from Bharat Petroleum and 
Hindustan Petroleum Ltd, and about 25,000 from Indian Oil Corporation Ltd 
(Arockiaraj, 2017). Logistics activities play a significant role in the oil and gas 
supply chain. Discussing and analysing several important sectoral concerns may be 
necessary to make these logistics operations more environment friendly.

We can understand through various research papers, as described in the tabular 
form below.
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Sr 
No

Green 
Logistics

Description References

1 Green 
transporta-
tion

It is a method for organising distribution 
with the use of environmentally friendly 
vehicles that enhances the performance 
of the economy, society and the environ-
ment. Examples include using less fuel, 
backhauling, clean vehicles and organic 
green vehicles.

Umar Sherif et al. 
(2021);
Wang et al. (2020);
Tian et al. (2019);
Chang et al. (2018)

2 Green 
packaging

It is a method of employing packaging 
materials that enhances the performance 
of the environment, the economy and 
society. Examples include using recyclable 
materials, reusing materials, green packag-
ing materials, and minimising waste, mate-
rial use and unpacking time.

Wang et al. (2020);
Moustafa et al. 
(2019);
Chhabra et al. (2017);
Zhang and Zhao  
et al. (2012)

3 Green 
warehous-
ing and 
distribution

It involves limiting movement, using 
energy-efficient lighting, utilising ware-
house layout and inventory strategy, using 
energy-efficient buildings, etc., to maximise 
energy for inventory/storage.

Carli et al. (2020);
Bartolini et al. (2019);
Li et al. (2015);
Rudiger et al. (2016)

4 Green 
value-added 
services

It is a method of creating strategic plan-
ning, controlling and including value while 
utilising the most recent equipment and 
technology for green logistics that enhanc-
es performance in terms of the environ-
ment, the economy and society.

Liu et al. (2018);
Sureeyatanapas et al. 
(2018);
Mustapha et al. 
(2017)

GSCM: Research Gaps

The following gaps have been found from the review.

1. It is noted that the bulk of GSCM investigations, regardless of subcategories, 
have been carried out in China, South East Asian, European and American 
countries. There have only been a few research reported in the Indian context 
in generally and the oil and gas industry in India specifically.

2. The review’s studies all place a greater emphasis on the car, pulp and 
paper industries, retail sectors, logistical services (3PL), electrical and 
electronic industries such as infrastructure. Literature on the oil and gas 
industry processing industries is scarce.

Objective of the Study

1. Analysing performance metrics following the adoption of green logistics 
methods in a few sectors of the Indian manufacturing industry (oil and gas).

2. To create a conceptual framework for the oil and gas manufacturing industry 
in India that will aid in the future deployment of green logistical practises.
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Hypotheses

Green process design practices (GPDP)

H1: GPDP has no significant impact on EFP
H2: GPDP has no significant impact on OP
H3: GPDP has no significant impact on EP

Green procurement practices (GPP)

H4: GPP has no significant impact on EFP
H5: GPP has no significant impact on OP
H6: GPP has no significant impact on EP

Green logistic and distribution practices (GLDP)

H7: GLDP has no significant impact on EFP
H8 GLDP has no significant impact on OP
H9: GLDP has no significant impact on EP

Occupation safety and health hazard (OSHH)

H10: OSHH has no significant impact on EFP
H11: OSHH has no significant impact on OP
H12: OSHH has no significant impact on EP

Barriers and drivers of green supply chain management (BADGSCM)

H13: BADGSCM has no significant impact on EFP
H14: BADGSCM has no significant impact on OP
H15: BADGSCM has no significant impact on EP

Economic financial performance (EFP)
Operational performance (OP)
Environmental Performance (EP)

Research Methodology

Defining variables:
A. Demographic variable (moderating variable)

 1. Category of organisation.
 2. Type of ownership of your organisation.
 3. Annual turnover.
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B. Green process design practices (independent variables)

 1.  Process is designed for optimum energy consumption of material/
energy.

 2. Process design includes reuse, recycle and recovery of material.
 3. Process design avoids or reduces use of hazardous substances.
 4. Process design reduces wastage (solid, liquid and gas).
 5. Process design meets environmental and safety standards.

C.   Green procurement practices (independent variable)

 1. Cooperate with suppliers for environmental procurement.
 2.  Firm has a cell for environmental audit of supplier’s internal 

environmental management.
 3. Procure from ISO certified suppliers.
 4.  Educate and assistance provided to suppliers on environmental matters 

in order to increase supply chain efficiency.
 5. Cooperate with suppliers in environmental packaging.

D. Green logistic and distribution practices (independent variable)

 1.  Regularly optimises the logistics system in cooperation with the 
transport service providers.

 2. Environment-friendly facility location.
 3. Routing systems to minimise travel distances.
 4. Waste transport and disposal.
 5.  Identification, collection and distribution of products/parts that will be 

recycled, reused.

E. Occupational safety and health hazards (independent variable)

 1. Written safety rules and regulations.
 2. Management commitment to workers safety.
 3. Employee safety committees.
 4. Safety and health training.
 5. Improvements in worker safety.

F. Barriers and drivers of GSCM (independent variable)

 1. Short-term planning over long term.
 2. Lack of market for recyclable products.
 3. Lack of knowledge about environmental impacts.
 4. Lack of information sharing between customer and supplier.
 5. Top management commitment.

G. Economic and financial performance (dependent variable)

 1. Decrease fees for waste treatment and disposal.
 2. Decreased fines for environmental damages and accidents.
 3. Increased market share.
 4. Increase of total revenue.
 5. Increased investment to implement selected strategies.
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H. Operational performance (dependent variable)

 1. Increase amount of goods delivered on time.
 2. Decreased inventory level.
 3. Decreased scarp rate.
 4. Promote products quality.
 5. Increased product line.

I. Environmental performance (dependent variable)

 1. Reduction of air emission.
 2. Reduction of waste water.
 3. Reduction of solid wastes.
 4. Decrease of consumption of hazardous/harmful/toxic materials.
 5. Decrease of frequency for environmental accidents.

Green process design practices were measured using five items. The 
sample items are as follows: (a) Process is designed for optimum energy 
consumption of material/energy. (b) Process design includes reuse, recycle 
and recovery of material. (c) Process design avoids or reduces use of 
hazardous substances. (d) Process design reduces wastage (solid, liquid 
and gas). (e) Process design meets environmental and safety standards. All 
items are measured on the 5-pointer scale as not considering, planning to 
consider, considering it currently, initiating the implementation and 
implementing successfully. Green procurement practices, green logistics 
and distribution practices and occupational safety and health hazard were 
measured using five items. All items are measured on the 5-pointer scale 
as not considering, planning to consider, considering it currently, initiating 
the implementation and implementing successfully. Barriers and drivers of 
GSCM were measured using five items. All items are measured on the 
5-pointer scale as strongly disagree, disagree, neutral, agree and strongly 
agree. Economic and financial performance, operational performance and 
environmental performance was measured using five items. All items are 
measured on the 5-pointer scale as not at all, a little bit, to some degree, 
relatively significant and significant.

Sample: 176 responses were collected through Google Form. Error checking 
and verification were done for various stages of data analyses, that is, editing, 
coding, data entry and data analysis. Value, label, field, string, scaling for various 
questionnaire options were done on Smart PLS 4.

The demographic variable had 35% small-scale industries, 33.3% medium-
scale industries and 31.7% large-scale industries. Type of ownership of the 
organisation was 36.7% private and proprietorship and 26.7% in partnership.

The methodology is the general research strategy that outlines how 
research is to be undertaken and, among other things, identifies the methods 
to be used in it. Data from 176 respondent were considered all over the 
country. GPDP, GPP, GLDP, OSHH and BADGSCM directly or indirectly 
explain EFP, OP and EP through structural equation modelling with Smart 
PLS 4.
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Theoretical Result Framework

The conceptual framework that has been suggested demonstrates the impact of 
green logistics practises on economic financial, operational, and environmental 
performance. The effects of green logistics practises on environmental 
performance, operational performance, and economic financial performance are 
demonstrated by hypothesis H1 through H15. The major function of the research 
design is to establish a framework for the planned study’s use of exploratory, 
descriptive, and inferential analyses to test the aforementioned hypotheses and 
ultimately achieve the study’s objectives.

Result and Analysis

A statistical hypothesis is a claim that may be verified using data from observations 
that have been modelled after actual values drawn from a set of random variables. 
Modelled as the realised values of a set of random variables with a common 
probability distribution in a set of potential joint distributions, the data collection 
(or multiple data collections collected together) is a set of data. The set of potential 
probability distributions is precisely the hypothesis being tested. A statistical 
hypothesis test is a technique for drawing conclusions from data. A multivariate 
statistical analysis method used to assess structural links is called structural 
equation modelling. 

To assess the link between observable variables and latent constructs, it 
combines multiple regression analysis and factor analysis.
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Measure

Underlying Factors Retained Through SEM

Using structural equation modelling, hypotheses 1 through 15 were tested. The testing 
procedure has examined the suggested research structural models. Smart PLS 4.0 was 
used to calculate the simulations using structural equation modelling. Table 1 displays 
the fundamental factors that SEM retained. Table 2 shows the path coefficient, which 
is the predicted impact of an independent variable on a dependent variable after 
accounting for all other factors in the model. Each observed variable’s ability to 
accurately reflect the construct it is meant to measure is displayed in the outer loading 
matrix. In Table 3, it is also known as the factor loading matrix or the measurement 
model matrix. The coefficient of determination, or R-square, is a metric for how well a 
model fits the data and accounts for the variation of its endogenous variables (Table 4). 

A frequently used metric to evaluate the discriminant validity of the latent 
variables in SEM is the heterotrait–monotrait ratio. The heterotrait measurement 
threshold (HTMT) is the ratio of the average correlation between items measuring 
different constructs to the average correlation between identical constructs. Better 
discriminant validity is shown by a lower HTMT score, which suggests that the 
constructs are distinct from one another (Table 5).

Root Mean Square Standardised Residual (SRMR): This calculates the typical 
discrepancy between the model’s projected values and its observed values. A 
better match is indicated by lower SRMR values (Table 6).
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(Table 1 continued)

Table 1. Underlying Factors Retained Through SEM.

Underlying Factors Items Retained Through SEM

B. Green Process Design Practices

B1. Process is designed for optimum energy consump-
tion of material/energy

Yes

B2. Process design includes reuse, recycle and recovery 
of material

Yes

B3. Process design avoids or reduces use of hazardous 
substances

No

B4. Process design reduces wastage (solid, liquid and gas) No

B5. Process design meets environmental and safety 
standards

No

C. Green Procurement Practices

C1. Cooperate with suppliers for environmental 
procurement

Yes

C2. Firm has a cell for environmental audit of supplier’s 
internal environmental management

Yes

C3. Procure from ISO certified suppliers Yes

C4. Educate and assistance provided to suppliers on 
environmental matters in order to increase supply 
chain efficiency

Yes

C5. Cooperate with suppliers in environmental packaging No

D. Green Logistic and Distribution Practices

D1. Regularly optimises the logistics system in coop-
eration with the transport service providers

Yes

D2. Environmentally friendly facility location Yes

D3. Routing systems to minimise travel distances Yes

D4. Waste transport and disposal No

D5. Identification, collection and distribution of prod-
ucts/parts that will be recycled, reused

No

E. Occupational Safety and Health Hazards

E1. Written safety rules and regulations Yes

E2. Management commitment to workers safety Yes

E3. Employee safety committees Yes

E4. Safety and health training No

E5. Improvements in worker safety No

F. Barriers and Drivers of GSCM

F1. Short-term planning over long term Yes

F2. Lack of market for recyclable products Yes

F3. Lack of knowledge about environmental impacts Yes
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(Table 1 continued)

Underlying Factors Items Retained Through SEM

F4. Lack of information sharing between customer and 
supplier

No

F5. Top management commitment No

G. Economic and Financial Performance

G1. Decrease fees for waste treatment and disposal Yes

G2. Decreased fines for environmental damages and 
accidents

Yes

G3. Increased market share Yes

G4. Increase of total revenue No

G5. Increased investment to implement selected strategies No

H. Operational Performance

H1. Increase amount of goods delivered on time Yes

H2. Decreased inventory level Yes

H3. Decreased scarp rate Yes

H4. Promote products quality No

H5. Increased product line No

I. Environmental Performance

I1. Reduction of air emission Yes

I2. Reduction of waste water Yes

I3. Reduction of solid wastes Yes

I4. Decrease of consumption of hazardous/harmful/
toxic materials

Yes

I5. Decrease of frequency for environmental accidents No

Source: Authors (Smart PLS 4).

Table 2. Path Coefficient.

BADGSCM EFP EP GLDP GPDP GPP OP OSHH

BADGSCM 0.310 –0.025 0.324

EFP

EP

GLDP 0.314 –0.028 –0.034

GPDP 0.070 –0.141 –0.061

GPP –0.052 0.273 –0.027

OP

OSHH 0.144 0.549 0.293

Source: Authors (through Smart PLS 4).
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Table 3. Outer Loading Matrix.

Total Effects

BADGSCM -> EFP 0.310

BADGSCM -> EP –0.025

BADGSCM -> OP 0.324

GLDP -> EFP 0.314

GLDP -> EP –0.028

GLDP -> OP –0.034

GPDP -> EFP 0.070

GPDP -> EP –0.141

GPDP -> OP -0.061

GPP -> EFP –0.052

GPP -> EP 0.273

GPP -> OP –0.027

OSHH -> EFP 0.144

OSHH -> EP 0.549

OSHH -> OP 0.293

Source: Authors (through Smart PLS 4).

Table 4. R2 Overview.

R2 R2 Adjusted

EFP 0.415 0.397

EP 0.437 0.420

OP 0.234 0.212

Source: Authors (through Smart PLS 4).

Table 5. Discriminant Validity—Heterotrait–Monotrait Ratio.

BADGSCM EFP EP GLDP GPDP GPP OP OSHH

BADGSCM 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

EFP 0.618 0.000 0.000 0.000 0.000 0.000 0.000 0.000

EP 0.358 0.521 0.000 0.000 0.000 0.000 0.000 0.000

GLDP 0.584 0.617 0.502 0.000 0.000 0.000 0.000 0.000

GPDP 0.356 0.375 0.164 0.521 0.000 0.000 0.000 0.000

GPP 0.537 0.492 0.568 0.830 0.592 0.000 0.000 0.000

OP 0.508 0.515 0.786 0.319 0.171 0.287 0.000 0.000

OSHH 0.603 0.579 0.728 0.769 0.355 0.683 0.490 0.000

Source: Authors (through Smart PLS 4).
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Table 6. Model Fit.

Saturated Model Estimated Model

SRMR 0.088 0.106

d_ULS 2.533 3.619

d_G 1.782 1.895

Chi-square 1489.485 1558.734

NFI 0.624 0.607

Source: Authors (through Smart PLS 4).

Measurement Model

Quality of the construct in the study is assessed based on the evaluation of measurement 
model. The assessment of quality criteria starts with evaluation of factor loading which 
is followed by establishing the construct reliability and construct validity (Table 7).

Table 7. Path Coefficient Mean, SD, T-values and P Values.

Original 
Sample (O)

Sample  
Mean (M)

Standard  
Deviation (SD)

T-statistics 
(|O/SD|)

P Val-
ues

BADGSCM 
–> EFP

0.310 0.319 0.099 3.121 0.002

BADGSCM 
–> EP

–0.025 –0.025 0.085 0.293 0.769

BADGSCM 
–> OP

0.324 0.311 0.108 2.992 0.003

GLDP  
–> EFP

0.314 0.314 0.074 4.257 0.000

GLDP –> EP –0.028 –.027 0.096 0.298 0.766

GLDP –> OP –0.034 –0.029 0.092 0.375 0.708

GPDP  
–> EFP

0.070 0.070 0.081 0.861 0.389

GPDP –> EP –0.141 –0.141 0.075 1.867 0.062

GPDP –> OP –0.061 –0.056 0.092 0.660 0.509

GPP –> EFP –0.052 –0.051 0.086 0.612 0.541

GPP –> EP 0.273 0.284 0.089 3.072 0.002

GPP –> OP –0.027 –0.018 0.086 0.314 0.753

OSHH  
–> EFP

0.144 0.134 0.118 1.220 0.222

OSHH –> EP 0.549 0.538 0.083 6.584 0.000

OSHH  
–> OP

0.293 0.291 0.099 2.944 0.003

Source: Authors (through Smart PLS 4).
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Factor Loading

Factor loading refers to ‘the extent to which each of the item in correlation matrix 
correlates with given principal component’. Factor loading can range from 
–1 to +1 with higher absolute value indicating a higher correlation of the item 
with the underlying factor. Item had factor loading in the study less than the 
recommended value of 0.50. Hence, items were removed for further study.

Reliability Analysis

Reliability is defined as the extent to which a measuring instrument is stable and 
consistent. The essence of reliability is repeatability. If an instrument is 
administered over and over again it will give the same result. Indicators of 
reliability have reliability statistic over required threshold of over 0.70 (Table 8).

Table 8. Construct Reliability and Validity.

Cronbach’s Alpha rho_A
Composite  
Reliability

Average Variance 
Extracted

BADGSCM 0.865 0.887 0.918 0.790

EFP 0.875 0.881 0.924 0.803

EP 0.855 0.858 0.903 0.702

GLDP 0.841 0.893 0.901 0.754

GPDP 0.877 0.932 0.941 0.889

GPP 0.796 0.798 0.867 0.620

OP 0.765 0.764 0.864 0.680

OSHH 0.871 0.871 0.921 0.796

Source: Authors (through Smart PLS 4).

Table 9. Fornell Larcker Criterion.

BADGSCM EFP EP GLDP GPDP GPP OP OSHH

BADGSCM 0.889

EFP 0.535 0.896

EP 0.321 0.453 0.838

GLDP 0.484 0.556 0.440 0.868

GPDP 0.314 0.331 0.150 0.457 0.943

GPP 0.440 0.409 0.488 0.662 0.492 0.788

OP 0.427 0.430 0.640 0.271 0.106 0.230 0.825

OSHH 0.516 0.504 0.628 0.662 0.323 0.573 0.402 0.892

Source: Authors (through Smart PLS 4).
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Convergent Validity

Convergent validity is the degree to which multiple attempts to measure the same 
concept are in agreement. The idea is that two or more measures of the same thing 
should co-vary highly if they are the valid measure of concept. When average 
variance extracted (AVE) value is greater than or equal to the recommended value 
of 0.50, item converge to measure the underlying construct and hence convergent 
validity is established (Fornell & Larcker, 1981) (Table 9).

Conclusion

The industries will be assisted in removing the main obstacles to the adoption of 
GLP by the findings produced. Business owners, decision-makers and even the 
government will benefit from this. The practitioners should concentrate on and 
address the impediments that have the greatest impact.

In order to establish sustainability between the economy and the environment, 
green logistics highlights numerous methods used to lessen the environmental issues 
associated with logistics operations, particularly those linked to GHGs, transportation, 
packaging and warehousing. Due to the manufacturing sector’s growing role in the 
Indian economy, research is needed to encourage the country’s manufacturing sector 
to adopt green logistics practises for the benefit of the larger ecological system.

Managerial Implication

In the study, tools for green logistics practises were created. Top management, the 
government and managers are all expected to use these tools to regularly measure 
and assess their performance across the various broad categories.

The studies and results of the green logistics practises on environmental and 
economic performance can also be seen and understood inside the Logistics 
Department of the Manufacturing Industry. Additionally, this might be beneficial 
for internal benchmarking.

Limitations and Future Directions

The following restrictions apply to the current study’s examination of green 
logistics issues and performance problems in a selected Indian manufacturing 
industry.

1. The industry is attempting to establish or implementing new policies and 
techniques known as ‘green practises’ in a variety of logistics-related 
activities. The respondents were a little hesitant to provide their information 
because green logistics is still quite new as an organised activity.

2. On the basis of earlier research in this area, the sample size for the study 
was chosen. The size may change in future trials if it is statistically 
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calculated. Any variance in the study’s overall findings could be caused 
by this variation in the sample size.

3. The respondents were contacted for this study at the researcher’s 
convenience and with their consent. The outcomes might alter if another 
non-probabilistic or probabilistic approach is used in the future.

4. The research study was completed for the oil and gas industry, a specific 
manufacturing industry. The numerous responses selected were from all kinds 
of work in this sector. As a result, the framework is modelled for this specific 
business and is applicable to other industries that depend heavily on logistics.

Based on the aforementioned restrictions, this work calls future researchers’ 
attention to the following issues.

1. Non-probability sampling was selected for this investigation, and the 
sample size was established with the aid of earlier research. Future 
researchers may choose to use a different sample size after using any other 
method of determining the sample size, or they may choose to use any 
other non-probability or probability sampling strategy. Future researchers 
could experiment with different data collection techniques to empirically 
assess the applicability of the study’s findings.

2. Future researchers might carry out the same investigation in other sectors 
as electrical and electronics, automotive, clothing, paper publishing, auto 
component, etc. Future scholars are only being advised to focus on 
industries with high levels of logistics activity. This is the only significant 
recommendation.

3. The two-performance metrics have been examined in terms of the 
economy and the environment. Societal performance is a different 
performance metric that is currently gaining prominence. A recent 
development in green logistics is as follows: because green logistics is still 
in its infancy as an organised activity, the respondents were quite reticent 
to share their responses. The report does not specifically address how 
green logistics would affect society.

4. The researchers may in the future include other moderators from the list of 
green logistics drivers. In the upcoming study, the market’s effect can 
easily be added as a moderator in addition to the one that is already 
in place. Future studies on domestic and foreign green logistics practices 
in the oil and gas sector may also be conducted.
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