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Application of big data analytics (BDA) is seen in various disciplines within an organization to
predict trends, explore opportunities and monitor performance. Among all the industries, BDA
presents immense value in sustainable manufacturing (SM) given that it is an industry that
consumes a high amount of energy, emits high amounts of waste and carbon emissions and
requires a large amount of manpower. This paper aims at illustrating the effects of BDA in
supporting SM by studying the Indian manufacturing firms which have unfavorable labor laws
compared to other developing countries. With an extensive literature review, this paper discusses
the relationship between BDA and sustainability, the capabilities of BDA, the concept of SM, the
BDA framework for SM, the relationship between Industry 4.0 and SM and the challenges of
implementing BDA. Using qualitative meta-analysis research methodology, the paper examines
the nine common critical success factors that enable SM through BDA implementation by
comparing 15 primary studies. Finally, the paper concludes the research findings and outlines
future research directions. The study provides theoretical and practical contributions to BDA
implementation in achieving effective SM practices in emerging economies.

Keywords: Big data analytics; Indian manufacturing firms; developing economies; qualitative
meta-analysis; sustainability.
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1. Introduction

Big data analytics (BDA) and sustainability are two topics that have gained imminent
attention from industry and academia in recent years (Dubey et al., 2019b). Data explosion
has caused the growth of big data to expand exponentially and increased the need for

*Corresponding author.

This is an Open Access article published by World Scientific Publishing Company. It is distributed under the terms
of the Creative Commons Attribution-NonCommercial 4.0 (CC BY-NC) License which permits use, distribution
and reproduction in any medium, provided that the original work is properly cited and is used for non-commercial
purposes.

OPEN ACCESS
Chinese Journal of Urban and Environmental Studies
Vol. 10, No. 4 (2022) 2250022 (25 pages)
© Social Sciences Academic Press (China)
DOI: 10.1142/S2345748122500221

2250022-1

C
hn

. J
. U

rb
. E

nv
ir

on
.S

tu
d 

20
22

.1
0.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 1
46

.9
0.

53
.1

86
 o

n 
08

/0
9/

24
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.

https://dx.doi.org/10.1142/S2345748122500221


companies to get their foot at the door of the area of big data. Big data is defined as
information that possesses the characteristics of real-time, high volume, velocity and
variety (Chen et al., 2012; Gupta and George, 2016). In recent years, “veracity”, “vari-
ability”, “volatility” and “value” are added to the characteristics of big data (Gupta et al.,
2020). The ability to manage and process big data using a variety of applications including
data science, predictive analytics, artificial intelligence and machine learning is termed as
big data predictive analytics (Russom, 2011). Companies are forced to find ways to obtain
data insights from large datasets that are created with high speed but with low accuracy and
consistency. This gives rise to the transition from big data to BDA which underpins
drawing patterns and insights from big data to formulate insightful data-driven actions
(Gupta et al., 2020). BDA can assist decision-making in customer intelligence, supply
chain and performance management, quality management and improvement and risk
management (Elgendy and Elragal, 2014).

Sustainability goals comprise mitigating ecological changes, creating a positive societal
impact and strengthening economic growth. However, organizations nowadays do not
place sufficient emphasis on the development of a viable natural environment and a nur-
turing community. The current rate of ecological changes resulting from the high con-
sumption of energy resources ranging from greenhouse gas emissions, global warming and
rising sea levels to climate changes has caused unprecedented catastrophes to human
beings in recent years (Chevallier et al., 2021; IPCC, 2021). Without proper practices on
environmental sustainability from all organizations, the environment will go through more
severe threats in the next few years causing significant risks to human lives. On the other
hand, organizations often overlook the social aspect of sustainability including occupa-
tional health and safety management, societal commitment, human rights and training
education. The prevalence of ignorance has hurt the community’s well-being in the last 10
years (Ahmadi et al., 2017). Above all, the commitment to maintaining good ecological
and societal sustainability practices is often disrupted by the unstandardized guidelines for
accessing sustainability holistically (Ness et al., 2007).

Given that BDA provides real-time analytics of high volume and velocity of structured
and unstructured data, organizations would be able to make intelligent decisions to
transform ecological and social sustainability dimensions with proper BDA implementa-
tion. Among all the industries, there is a stronger call for the manufacturing industry to
maintain sustainable development as it consumes a high amount of energy, emits high
amounts of waste and carbon emissions and requires a large amount of manpower. BDA
offers advantages in managing a green supply chain, sustainable manufacturing (SM) and
procurement and also elevating the business values (Raut et al., 2019). However, due to the
wide range of sustainability measurements, there is inadequate research on the compre-
hensive framework available for sustainable manufacturing (Kumar et al., 2007). More-
over, the available academic papers have not addressed the capabilities of BDA for
sustainable manufacturing in real-life practical scenarios and have not incorporated man-
agerial insights (Belhadi et al., 2019). The paper is therefore centered on three main issues:

(1) Opportunities and challenges in implementing BDA in sustainable manufacturing.
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(2) Assessing sustainability framework using big data analytics.
(3) Determining the outcomes of implementing BDA in sustainable manufacturing.

In developing countries, the manufacturing industry remains the key contributor to a
country’s gross domestic product (GDP). This paper will examine the Indian man-
ufacturing companies as it has one of the highest GDP growth rates compared to other fast-
emerging countries with close to 16% contribution by the manufacturing industry (Dubey
et al., 2019b). However, the sustainability issues in India are still inadequately managed.
Thus, the paper aims to focus on the following research question: “How does BDA assist
Indian manufacturing companies to improve the outcomes of environmental and social
sustainability efforts?”

The paper is organized into sections as follows: Section 2 discusses the literature re-
view. Section 3 focuses on research methodology. Section 4 presents the analysis and
findings. Finally, Sec. 5 concludes the paper and outlines the future directions of the study.

2. Literature Review

2.1. Big data analytics and sustainability

Environmental issues have gained significant importance nowadays and driven increas-
ingly more research in sustainability ground toward a green world. Mukred and
Zheng (2017), Etzion and Aragon-Correa (2016) and Wu et al. (2016) presented that BDA
enables real-time monitoring of the environment to reduce any disastrous damages. The
capability for real-time monitoring allows environmental enforcers of a country to detect
deforestation and monitor biodiversity. On the organizational front, BDA is used for real-
time monitoring of the supply chain to maximize operational efficiency for better reser-
vation of energy and natural resources (Etzion and Aragon-Correa, 2016).

Another key main theme mentioned in many journals is the prediction capability of
BDA (Mukred and Zheng, 2017; Etzion and Aragon-Correa, 2016; Wu et al., 2016;
Ghalehkhondabi et al., 2020). BDA allows predictions of weather, air pollution and
damaging coastal wave condition for the local governments to prepare necessary
mitigation action plans. The prediction capability of BDA permits organizations to pro-
actively manage and optimize resources including energy, water and raw materials by
balancing the demand and supply as well as reducing energy consumption that emits high
carbon levels. Optimized resource consumption leads to lower financial costs and envi-
ronmental damages which are part of the fulfillment of financial and environmental sus-
tainability pillars.

Scholars also examined BDA usage in risk management where organizations can
identify and control possible catastrophic events such as IT security threats, natural dis-
asters, workplace accidents and financial liabilities (Huang et al., 2019; Wu et al., 2016).
Strengthening the governance of risk management in manufacturing companies can
(i) improve the safety management of production lines by providing a safe working en-
vironment which is crucial in the aspect of social sustainability; and (ii) increase stake-
holders’ trust with higher compliance to data security and privacy.

BDA Effects on Sustainable Manufacturing: A Comparative Study Analysis
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2.2. Capabilities of BDA

Scholars widely apply resource-based theory (RBT) to explain BDA capabilities (Gupta
and George, 2016). BDA capabilities can be classified into tangible resources, human
skills and intangible resources (Gupta and George, 2016). An organization requires an
orchestration of these three pillars to form BDA capabilities. Tangible resources comprise
data, technology (e.g. information systems) and basic resources (e.g. financial resources,
equipment and facilities); BDA human skills consist of managerial and technical skills
which encourage higher embracement of BDA to make better decisions (Belhadi et al.,
2020); and intangible resources encompass organizational learning and data-driven
decision-making culture which is crucial in developing the most suitable IT infrastructure
and technology solutions to draw insights from big data.

RBT encourages organizations to think beyond IT capability which is only one facet of
what comprises true BDA capabilities. However, despite its wide adoption in academic
work, the practical guideline on how to realize tangible resources, human skills and in-
tangible resources has not been discussed. Conducting case studies in the practical im-
plementation of all three dimensions of RBT will be useful for organizations to effectively
implement BDA capabilities.

2.3. Sustainable manufacturing

Sustainable manufacturing is defined as the ability to create and distribute goods with
optimal usage of resources to achieve the goals of the Triple Bottom Line (Garetti and
Taisch, 2012). The concept of “Triple Bottom Line” was introduced to incorporate social,
economic and environmental dimensions on top of mere profits (Elkington, 1994).
Figure 1 depicts a closed system of manufacturing subsystems that coexist alongside
natural, ecological and human subsystems which is also referred to as a circular economy

Source: Dechant and Altman (1994).

Fig. 1. The roles of manufacturing industries in sustainable manufacturing.
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system (Dechant and Altman, 1994). However, the phrase sustainable manufacturing is
often used to describe measures related to reducing environmental impacts of
manufacturing only (Paul et al., 2014). Furthermore, there are confusions and mis-
interpretations regarding the concepts and applications of “green manufacturing”, “lean
manufacturing” and “mass manufacturing” as “sustainable manufacturing”. Figure 2
shows the differences among the different terms of manufacturing practices related to
sustainability. Despite the different sustainability aspects covered by each term, “green
manufacturing”, “lean manufacturing” and “mass manufacturing” constituted the foun-
dation of SM to implement cleaner production responsibly. Due to the complexity and
ambiguity to measure environmental and social performances as well as the high variation
of SM context in each country, SM practices often faced challenges (Paul et al., 2014).
Scholars agreed that technologies on product, process and practices are one of the key
enablers for the success of SM (Garetti and Taisch, 2012; Pusavec et al., 2010; Rosen and
Kishawy, 2012). Hence, more in-depth studies about the use of technology for SM should
be conducted.

2.4. BDA framework for sustainable manufacturing

In terms of manufacturing, BDA plays an important role in research and development,
manufacturing, customer service, maintenance/repair and overhaul technical support,
recycling and remanufacturing (Zhang et al., 2017). There are several conceptual
structures related to BDA framework for sustainable manufacturing presented in
recent years.

Zhang et al. (2018) proposed a BDA framework for energy-intensive manufacturing
industries using the application of statistics and mathematics to analyze manufacturing
energy consumption to improve energy efficiency, optimize manufacturing process and
reduce emissions. Ren et al. (2019) suggested a Smart Sustainable Manufacturing (SSM)
framework using BDA throughout the entire manufacturing lifecycle that focuses on data
and service-driven mode to improve economic and environmental aspects and enhance the
intelligence in decision-making. The SSM model is aimed at reducing resource wastage,
increasing digitization level and achieving global intellectualization in manufacturing. The
proposed SSM framework consists of intelligent design, intelligent production, intelligent

Source: Kaebernick cited in Raut et al. (2019).

Fig. 2. Differences of “green manufacturing”, “lean manufacturing”, “mass manufacturing” and “sustainable
manufacturing”.

BDA Effects on Sustainable Manufacturing: A Comparative Study Analysis
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maintenance and service and intelligent recovery. Dubey et al. (2016) proposed a
world-class sustainable manufacturing system that is composed of leadership, regulatory
pressures, supplier relationship management, employee involvement, customer relation-
ship, quality management, productive maintenance and lean manufacturing system.

Most of the academic works discuss the BDA framework for manufacturing as an
entity, without a specific scope in sustainability area. In addition, the existing academic
works focus on conceptual framework and not specific BDA solutions and case studies that
companies can easily adopt. While the advanced production paradigms are effective in
environmental performance, there is still a strong need for manufacturing industries to
further improve their sustainability practices, especially in the social aspect that is inade-
quately discussed in the academic journals.

2.5. Industry 4.0 and sustainable manufacturing

To manage the challenge of the growing worldwide demand for capital and consumer
goods while maintaining the sustainability goals of social, environmental and economic
dimensions, the development toward the fourth stage of industrialization, termed Indus-
try 4.0, was launched to realize sustainable manufacturing (Stock and Seliger, 2016). The
macro- and micro-perspectives of Industry 4.0 provide cross-linkage of stakeholders,
products and equipment along the product life cycle to create sustainable industrial value.
In Industry 4.0 framework, technology is the main accelerator for the success of SM,
wherein BDA allows smart data collection, storage and analysis alongside Internet of
Things and Cloud Computing (Kamble et al., 2020; Chalmeta and Santos-deLeón, 2020).

2.6. Challenges of implementing BDA

While BDA provides many benefits in the sustainability area as well as in the
manufacturing system, it poses challenges as well. Due to the nature of big data which
comprises high amount of data, high costs of infrastructure and technology framework in
the likes of Hadoop are usually incurred (Mukred and Zheng, 2017; Raut et al., 2019;
Jeble et al., 2016). To manage and assess data using BDA, experienced data scientists, data
analysts and IT professionals are mandated to operate the entire process
(Ghasemaghaei, 2020; Mukred and Zheng, 2017; Jeble et al., 2016). Not only specialists
in the domains of statistics, ERP integration, mathematics, network and cybersecurity are
required, but a wide set of knowledge-involving businesses and project management are
also needed to launch and maintain the entire system.

Notwithstanding that BDA offers data advantages, it also presents data-related chal-
lenges. Big data that deals with high variety of data results in spurious correlation yielding
inconsistent variable in the model outcome (Jeble et al., 2016). Such variable will distort
the accuracy of the model outcome. Consequently, high processing cost is required to
derive the algorithm to mitigate data consistency issue (Fan et al., 2014). In addition,
highly sensitive data stored by organizations on-premises for BDA implementation pre-
sents significant data security risk (Ghasemaghaei, 2020). The fear of exposing organi-
zations to high data security risk is usually the main reason why many organizations
choose not to implement BDA.
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Organizational behavior is another challenge that hinders the implementation of BDA.
The first and foremost challenge is the data culture of an organization. The lack of data
culture of the entire firm results in low management buy-in of BDA projects especially due
to that BDA implementation is resource-intensive and has uncertain return on investment
(Raut et al., 2019).

One of the key challenges that is missing in many journals is the lack of governmental
support particularly in developing countries. Governmental support of tangible resources
such as monetary support, infrastructure as well as intangible resources such as regulations,
training and awareness campaigns assist organizations to embrace BDA in all areas much
swiftly and more effectively.

2.7. Research gaps

Through the literature review, we found that BDA and sustainability practices are two
emerging topics but have varying adoption issues in developing countries. Organizations in
developing countries often do not appreciate the strategic value of BDA due to the presence
of hygiene factors leading to organizational and technological difficulties (Verma and
Bhattacharyya, 2017). The main organizational inhibitors of BDA adoption in developing
countries are the high perceived costs and unclear perceived values to implement BDA
(Kuan and Chau, 2001). The non-adopters in developing countries reported that the
existing technologies were adequate to support their current business needs and they do not
see a need to venture into BDA for any other business objectives (Verma and
Bhattacharyya, 2017). In terms of technological challenges, firms in developing countries
often quote that they are not having the required skilled professions for BDA adoption, and
the required storage infrastructure and computing capacity to implement BDA projects
(Luna et al., 2014). The current problems in developing countries are evident for pre-
senting the lack of discussion about the roles and responsibilities of each player in applying
BDA in the sustainability field. Without a clear understanding of each stakeholder’s roles,
newcomers who wish to adopt BDA for sustainable manufacturing will not be able to
operationalize the entire process smoothly and may impede the achievement of circular
economic values. With this paper, we aim to discover stakeholders’ roles to reinforce
BDA’s benefits in sustainability management.

3. Methodology

This paper seeks to appraise primary evidence using qualitative synthesis method to
accommodate both quantitative and qualitative evidence. There is a variety of qualitative
synthesis methods; the common ones include thematic analysis, grounded theory, meta-
ethnography, meta-study, Miles–Huberman data analysis techniques, content analysis,
case survey, qualitative comparative analysis and Bayesian meta-analysis (Dixon-Woods
et al., 2005). The common methods are summarized by techniques, advantages and
disadvantages in Table 1. This paper aims to establish a comprehensive theoretical
framework in an integrative manner to summarize both qualitative and quantitative

BDA Effects on Sustainable Manufacturing: A Comparative Study Analysis
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evidence with flexible methods. Considering all advantages and disadvantages, the most
viable method is qualitative meta-analysis synthesis. Qualitative meta-analysis is an ap-
proach in which the findings of primary qualitative data from case studies are synthesized
into a theoretical model (Major and Savin-Baden, 2011). The generation of a new theory
through the recognition of recurring patterns is made possible through qualitative meta-
analysis (Hoon, 2013). The reasons to employ such approach are as follows:

– There is a need to conceptualize a model by integrating the existing frameworks of BDA
and sustainable manufacturing with a holistic approach.

– A review synthesizing existing academic works add values to the topic of sustainability
which garners a lot of attention in recent years.

– Qualitative meta-analysis summarizes past empirical and theoretical works in the lit-
erature and includes both experimental and non-experimental studies to effectively
conduct the research (Whittemore and Knafl, 2005).

– Qualitative meta-analysis compares and contrasts findings of all qualitative and quan-
titative studies to reveal new interpretations and to conceptualize new model or gen-
eralize patterns from the existing information (Paterson et al., 2001).

Although qualitative meta-analysis may not provide sample-to-population results and
may involve a time-consuming process, it adequately compares cases as there is high
transferability from case to case to identify factors for BDA and sustainable manufacturing
(Punch, 2013). Furthermore, qualitative meta-analysis is a good approach to examine the
common factors of each conceptual framework that employs different statistical analysis
methods.

3.1. Selection and appraisal of primary studies

The selection flow is listed in Fig. 3. Computer databases (EBSCO, ProQuest and Google
Scholar) were searched to identify relevant research works on the BDA and sustainable
manufacturing fields. The search terms used were sustainability, big data analytics and
sustainable manufacturing. Items matching the keywords were included to a potential pool
of case studies and checked against the selection criteria listed in Fig. 3. According to
Stake (1995), a rigorous assessment criteria list assists in selecting highly relevant studies
to the research question. The selection criteria are: (1) the item has to deal with BDA and
sustainable manufacturing topics; (2) the study has to target Indian manufacturing com-
panies; (3) the study is adequately defined; (4) the study has a conceptual structure; (5) the
researcher’s opinions are obviously stated; (6) the study is specific, descriptive and heu-
ristic; (7) there is sufficient data presented and the data sources are well chosen; and (8) the
journal articles are published in the past five years (from January 1, 2016 to August 31,
2021). If all criteria were met, the study was included in the meta-analysis.

Out of the pool of 67 potential studies, 15 articles were included to form the basis of this
work. Most qualitative meta-analyses were conducted using an average of 12 studies with a
minimum of two studies (Paterson et al., 2001). Hence, a total of 15 studies is a consid-
erable amount to conduct a qualitative meta-analysis.
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3.2. Data analysis

The paper followed a few steps to synthesize the frameworks presented in the selected
articles. Relevant meta-analytic data such as the approach adopted, statistical model used,
path analysis, sample type and size, theoretical framework and hypothesis testing were
extracted from the original study. Once the meta-analytic data were gathered, the discus-
sions of the original studies were inspected for the fundamental framework that depicts a
clear organization of the data. After the identification of the framework, the hypothesis
testing and path analysis of each dimension/factor were inspected to determine the causal
relationships. Then, the results and discussion sections of the original studies were ex-
amined to understand the insights that were presented as paradigmatic and categorical
examples.

Next, the dimensions/factors articulated in the studies were extracted. When two articles
discuss about the same factor, it will be categorized as a common factor. The factors were

Source: Paterson et al. (2001).

Fig. 3. Criteria for the selection of primary studies.
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presorted based on the path analysis of correlation between one factor and another. The
causal relationships were clearly sorted. Then, the factor descriptions provided in the
articles were reviewed and concepts were reported. If a concept contained subdimensions,
they will be sorted into various categories. Last, the hypotheses that were supported were
grouped and those that were rejected were sorted in another table column.

It was observed that the original publications presented the effects of BDA on
manufacturing performance, the factors influencing BDA adoption and BDA frameworks.
Furthermore, the original publications, in general, adopted a coherent approach to present
findings in a clear sequential order inherent in the findings. Thus, two domains, Effects of
BDA on Manufacturing and Factors influencing BDA Adoption were included in Sec. 4.

4. Discussion

4.1. Effects of BDA on manufacturing

Table 2 summarizes different types of discussion of the articles about BDA. The path
analysis of the relationship of BDA with other dimensions using partial least squares
(PLS)–structural equation modeling (SEM) or artificial neural network (ANN) model was
presented in 60% of the articles (nine articles); conceptual frameworks using Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS), variations of fuzzy logic or
regression analysis were presented in 13% of the articles (two articles); frameworks using
mathematical models were presented in 13% of the articles (two articles); and the expla-
nation of BDA impact using literature review and case study was seen in 13% of the
articles (two articles).

All 15 articles proposed BDA-related frameworks for sustainable manufacturing or
sustainable supply chain based on the conceptual models. In addition, all articles proved
that BDA positively influences SM directly or indirectly.

BDA is tested to have a direct positive impact on both social and environmental per-
formances in 28% of the articles (four articles). Dubey et al. (2019b), Jeble et al. (2018)
and Raut et al. (2019, 2021) used hypothesis testing of conceptual models to prove the
statistical significance of BDA against social and economic performances. Furthermore,
these articles used PLS–SEM to test the cause–effect relationships between BDA and social
and environmental performances.

BDA is presented to have a positive impact on SM management in 72% of the articles
(11 articles) through various aspects. Arya et al. (2017) proved that BDA has a positive
impact on supply chain performance. Gunasekaran et al. (2017) and Mangla et al. (2020)
demonstrated that BDA adoption positively influences organizational performance. Dubey
et al. (2018) tested that BDA adoption has a positive impact on collaborative performance.
Dubey et al. (2019a, 2021) tested that BDA positively influences supply chain resilience
and competitive advantage. Mani et al. (2017) analyzed that BDA could reduce social
risks. Dev et al. (2019) proposed a BDA architecture for supply chain key performance
indicators. Kumar et al. (2018) and Lamba et al. (2019) conceptualized BDA frameworks
for condition-based maintenance and supplier selection, respectively. Dubey et al. (2016)
identified the building blocks of SM by visiting the characteristics of BDA.
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4.2. Common factors of implementing BDA for a successful sustainability
framework in the manufacturing industry

In the synthesis, a total of nine common factors were found in the papers for SM. These
nine factors were sorted and condensed based on the logical relationships presented in the
original studies. “Lean manufacturing”, “lean management practices”, “green lean prac-
tices” and “lean practices” were merged as these terms reflect the same series of solutions
to reduce waste, eliminate non-value-added operations and improve the value-added (Dora
et al., 2014; Wee and Wu, 2009). Similarly, “organizational culture”, “organizational
practices”, “organizational flexibility” and “organizational compatibility” were merged as
they fundamentally addressed the same issue of the shared assumptions, values and beliefs
that assist the employees to understand the functions and goals of the organization (White
et al., 2003; Liu et al., 2010). Furthermore, “state and central government policies” and
“regulatory pressure” were combined as both explain the role of legislation in sustainable
manufacturing. The synthesis led to nine common factors to form the basis of most studies.
These factors are (1) organizational practices; (2) management and leadership style;
(3) total quality management; (4) lean manufacturing practices; (5) customer relationship
management; (6) supplier relationship management; (7) government policy; (8) environ-
mental practices and (9) social practices. The summary of the common factors discussed is
shown in Table 3.

Five articles discussed organizational practices. Dubey et al. (2018, 2019a, 2021) and
Raut et al. (2021) proved that organizational practices influence BDA adoption leading to
sustainable manufacturing. Organizational practices encompass a few different subfactors
including organizational compatibility, organizational flexibility and organizational culture.
Organizational compatibility means the alignment of organizational goals and vision to
build synergy within the strategic resources of the organization to gain competitive
advantages (Holcomb and Hitt, 2007; Das and Teng, 1998). Organizational flexibility is
defined as the range of managerial capabilities and the activation speed to manage the

Table 3. Common factors influencing BDA adoption.

No.
Common factors influencing

BDA adoption Positively influences BDA adoption
Negatively influences

BDA adoption

1 Organizational practices Dubey et al. (2018, 2019a, 2021), Raut
et al. (2021)

Dubey et al. (2019b)

2 Management and leadership style Raut et al. (2019), Dubey et al. (2016),
Gunasekaran et al. (2017)

Mangla et al. (2020)

3 Lean management practices Raut et al. (2021), Dubey et al. (2016) Raut et al. (2019)
4 Total quality management Raut et al. (2021), Dubey et al. (2016) Raut et al. (2019)
5 Customer relationship management Raut et al. (2019), Dubey et al. (2016)

6 Supplier relationship management Raut et al. (2019), Dubey et al. (2016)

7 Government policy Raut et al. (2019), Dubey et al. (2016)

8 Environmental practices Raut et al. (2021) Mangla et al. (2020)
9 Social practices Raut et al. (2021) Mangla et al. (2020)

Source: Made by the authors.
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organization against all headwinds (Braunscheidel and Suresh, 2009; Volberda, 1996).
Organizational flexibility allows agility of decision-making to respond to unexpected
changes in the market (Sethi and Sethi, 1990). Good organizational practices improve
operational excellence in optimizing inventory and smoothening decision-making (Raut
et al., 2021). Training and development among all employees of the organizations in the
fields of BDA and SM are essential to accentuate BDA in manufacturing (Raut et al.,
2021). All the organizational practices emphasized that dynamic environments encourage
organizations to achieve competitive advantage by having strategic flexibility in managing
resources. Contrary to the rest of the articles, Dubey et al.’s (2019b) work does not support
organizational practice as a factor influencing BDA adoption and it argued that the mo-
tivation to adopt BDA is mainly driven by economic factors and not social and economic
factors, thus the organizational practices do not support BDA adoption to achieve SM.

Four articles discussed management and leadership style. Raut et al. (2019), Dubey
et al. (2016) and Gunasekaran et al. (2017) reviewed that management and leadership style
influences BDA adoption. Management’s commitment to sustainability is paramount as
BDA requires investment costs to kick-start (Raut et al., 2019; Dubey et al., 2016). The
management must first embrace the mindset of green practice and formulate strategies for
sustainable practices (Dubey et al., 2016; Gunasekaran et al., 2017). Leaders play the role
of implementing training for employees to achieve sustainable project performance and
encourage employees to participate in providing ideas vis-à-vis clean and sustainable
operations (Raut et al., 2019; Dubey et al., 2016; Mangla et al., 2020). However, Mangla
et al. (2020) demonstrated that management and leadership styles do not influence BDA
adoption.

Three articles discussed LMP and TQM. These two factors will be analyzed concur-
rently as they are interrelated. TQM is a method that originated from lean manufacturing to
manage the quality of goods and services through continuous improvement of all pro-
cesses, from planning and designing to self-inspection (Anvari et al., 2011). On the other
hand, LMP is about managing the resources according to customers’ needs with the aim to
reduce waste. TQM and LMP are similar wherein the two principles use analytical tools to
improve processes. There are some distinct differences between TQM and LMP. First,
LMP focuses on improving the entire value stream whereas TQM focuses on individual
operations. Second, LMP focuses on reducing waste while TQM focuses on improving
productivity. Organizations that adopt LMP effectively with the use of BDA which
accounts for precise decision-making would reduce energy consumption and risks to the
environment and costs (Raut et al., 2019). Through just-in-time (JIT) tools, a pull system
and the optimized use of mixed model assembly and mass customization, organizations can
effectively reduce waste, minimize material movement and standardize operations (Raut
et al., 2021; Dubey et al., 2016). Studies carried out by Raut et al. (2021) and Dubey et al.
(2016) show that LMP supports BDA adoption while the study by Raut et al. (2019) shows
that it negatively impacted BDA adoption.

Two articles discussed about customer relationship management, supplier relationship
management and government policy. Focusing on customer satisfaction encourages BDA
implementation for SM through satisfying environmental performance objectives such as
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reduction in carbon footprints and waste emissions (Raut et al., 2019; Dubey et al., 2016).
Supplier relationship management enforces better green practices in multiple aspects (Raut
et al., 2019; Dubey et al., 2016). Good supplier selection with robust environmental cri-
teria alongside environmental collaboration with suppliers provides added values in
implementing BDA for SM. With BDA capabilities, the mutual information sharing with
suppliers ensures their commitment toward sustainable practices, inter alia training sup-
pliers in implementing ISO 14001 and conducting an environmental audit for suppliers
periodically (Dubey et al., 2016). Government policy provides a “top–down” pressure for
manufacturing companies to implement sustainable practices. Regulatory pressure usually
comes in the form of carrot-and-stick approach. Government policies pressure firms to
adopt sustainable practices through periodic scrutiny of the pollution level of firms and
penalty fee enforcement for non-adhering firms (Dubey et al., 2016). With governments’
strict control and clear guidelines, firms are more inclined to integrate sustainable practices.
On the other hand, governments can introduce incentives and subsidies for companies to
implement sustainable practices (Raut et al., 2019). In countries like India, the government
launched campaigns like Digital India, Skill India and Make-in-India to enhance sus-
tainable development in the manufacturing industry which is a good starting point for
regulatory pressure involvement (MEITY, 2017).

Two articles discussed environmental practices. Environmental practices encompass the
measures of waste management, energy reduction, environmental monitoring and the
implementation of environmental technology. The Holy Grail of environmental practices is
to have visible and comprehensive practices that cover the full range of environmental
impacts that are transparent to internal and external stakeholders (Vilchez et al., 2017).
Raut et al. (2021) found that environmental practices positively influence BDA adoption in
the success of SM with lower environmental impacts and higher economic value gain. In
contrast, Mangla et al. (2020) found that environmental practices, in particular the envi-
ronmental technologies, negatively influence BDA adoption. The research by Mangla et al.
(2020) has similar findings as a previous notable study about environmental technologies
by Klassen and Whybark (1999) whereby environmental technologies significantly re-
duced environmental pollutants but worsened the overall manufacturing performance in-
cluding cost, speed and quality and deteriorated the flexibility performance.

Two articles discussed social practices. Social practices incorporate internal and ex-
ternal participations of stakeholders, macro-social performance and legislative standards
such as ISO 14001, ISO/CD 45001 and OHSAS 18001:2007 (Mangla et al., 2020). Raut
et al. (2021) demonstrated that social practices positively influence BDA adoption,
whereas Mangla et al. (2020) indicated that social practices negatively influence BDA
adoption.

4.3. Theoretical and managerial contributions

Qualitative meta-analysis has enabled a broad analysis of BDA adoption and SM. Our
qualitative meta-analysis has complemented primary statistical analysis results and math-
ematical frameworks by providing a comprehensive picture of similarities and differences
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using secondary interpretations. Thus, the aggregation of findings from this study offers a
different perspective in a wider context than analyzing a single primary study alone.

This paper that focuses on the case of Indian manufacturing firms contributes to real-
izing the role of BDA in sustainable manufacturing firms in developing countries. It
provides insights to top management and executives about their roles to implement BDA
adoption for sustainability. The list of factors of the primary studies assists management to
understand the implications of BDA. Management can refer to the findings of the study to
maximize the capabilities of BDA for better sustainability performance.

5. Conclusion

Past research works examine the implications of BDA on sustainability and factors
influencing BDA for SM separately; this paper combines both topics to gain better insights.
It is imperative to address the effects of BDA on the sustainability performance of
manufacturing firms and understand the key drivers in a developing economy. This study
explores the implication of BDA for SM in India to address this issue based on 15 primary
selected studies. All primary studies proved that BDA adoption has positive effects on
sustainable manufacturing. This study will guide top management to understand the critical
success factors enabling BDA for SM through the comparison of conceptual BDA
frameworks developed in the primary studies. The findings will help the executives to
implement BDA for SM effectively. The common factors listed in this study would help
researchers to develop experiential research in the aspects of BDA and SM. Legislators can
also shape relevant regulations and guidelines to accelerate the implementation of BDA in
manufacturing firms.

There are certain limitations to the study. First, the data collection is based on primary
studies which adopted different statistical methods to assess the factors influencing BDA
adoption. Second, the study did not explore in detail the roles of all stakeholders involved
in applying BDA for sustainability purposes. Third, most of the primary studies of this
study employed questionnaire-based surveys focusing on managers’ perceptions as op-
posed to the actual performances which may skew the hypothesis testing results. Fourth,
this study only provides a foundation to understand the effects of BDA in SM and the
factors influencing BDA adoption.

Hence, future research should specify the categories of common factors influencing
BDA adoption vis-à-vis the research methods adopted. Future studies should also be
devoted to developing roles and responsibilities of every stakeholder including the legis-
lators, management of a company and employees in applying BDA in sustainability field.
In addition, future work should examine BDA’s effects and factors influencing BDA
adoption using the actual impact of BDA on sustainable performance. Moreover, future
work should explore diagnostic solutions to better enhance sustainability performance
catering to the existing manufacturing systems that already adopted advanced process
improvement models such as lean six sigma manufacturing, green manufacturing, agile
manufacturing and sustainable manufacturing.
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