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The impact of Big Data on World Class Sustainable Manufacturing 

 

Abstract 

Big data (BD) has attracted increasing attention from both academics and 

practitioners. This paper aims at illustrating the role of Big Data analytics in 

supporting world-class sustainable manufacturing (WCSM). Using an extensive 

literature review to identify different factors that enable the achievement of 

WCSM through BD and 405 usable responses from senior managers gathered 

through social networking sites (SNS), we propose a conceptual framework that 

summarizes this role, test this framework using data which is heterogeneous, 

diverse, voluminous, and possess high velocity, and highlight the importance 

for academia and practice. Finally we conclude our research findings and 

further outlined future research directions. 

Key words: Big Data, World Class Sustainable Manufacturing, Social 
Networking Site, Confirmatory factor Analysis, Sustainable Manufacturing. 

 

1. Introduction  

In recent years Big Data Analytics (BDA) has been an important subject of 

debate among academics and practitioners. McKinsey Global Institute has 

predicted that by 2018 the BDA needs for the United States alone will be more 

than 1.5 million managers who need to possess skills in analyzing Big Data for 

effective decision making. In developing countries, in the recent 13th 

Confederation of Indian Industries manufacturing summit, BDA was at the 

forefront of discussions among manufacturing professionals in India. The 

Internet of things (IOT) and big data & predictive analytics are now within the 

reach of the operations management community to begin to explore, with the 

potential for measurable and meaningful impacts on the life of people in the 
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security and ownership. BD is characterized by (i) volume, denoting the large 

amount of data that need to be stored or the large number of records; (ii) 

velocity, denoting the frequency or speed by which data is generated and  

delivered; and (iii) variety, which illustrates the different sources by which data 

is generated, either in a structured or unstructured format (Wamba et al., 

2015). White (2012) has added the fourth dimension, veracity, to highlight the 

importance of quality data and the level of trust in a data source.  Besides the 

four characteristics, scholars (e.g. Forrester, 2012) have also added another 

dimension, value, to denote the economic benefits from the data.   

In this research, we echo the views of Wamba and colleagues as well as McAfee 

et al. (2012) and focus on the four main dimensions of BD. This is because 

these characteristics affect decision-making behaviours, and also create critical 

challenges. Boyd and Crawford (2012) have argued that big data is a cultural, 

technological, and scholarly phenomenon that revolves around technology, 

analysis, and mythology. According to Mark and Douglas (2012), BD is defined 

as high-volume, high-velocity and high-variety information assets that demand 

cost-effective, innovative forms of information for enhanced insight and 

decision making. McGahan (2013) further argues that big data is too large to 

handle with conventional software programs such as Excel, and thus requires 

specialized analytics. Sun et al. (2015) have argued that big data is data whose 

sources are heterogeneous and autonomous; whose dimensions are diverse; 

whose size is beyond the capacity of conventional processes or tools to 

effectively and affordably capture, store, manage, analyze, and exploit; and 

whose relationships are complex, dynamic, and evolving.  

Gandomi and Haider (2015) have attempted to further our understanding of 

BD and of its potential applications. While the majority of the literature is 

focussed more on BD technology and predictive analytics,  Gandomi amd 

Haider (2015) have attempted to provide detailed explanations for volume, 

variety, velocity, veracity, variability and value. In the same work they have 

outlined various techniques and tools that can enhance decision making 
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Table 1: Building blocks of WCSM framework and their indicators 

Building 

Blocks  

Reference Indicators 

Leadership Siaminwe et al. (2005); Berkel 
(2007); Deif (2011); Despeisse et 
al. (2012); Law and 
Gunasekaran (2012); Singh et 
al. (2012); Dues et al. (2013); 
van Hoof and Lyon (2013); 
Dubey et al. (2015); Dutta and 
Bose (2015) 

 Well defined environmental policy 
 Awareness about environmental 

policy 
 Top management support 
 Top management has approved 

special fund for investment in cleaner 
technologies  

 Top management positive attitude 
towards green practices 
Ssenior managers motivate and 
support new ideas received from 
junior executives  

 Recognition of employees 
 

Regulatory 
Pressures 

Zhu et al. (2005); Tsoulfas and 
Pappis (2006); Sarkis et al. 
(2011); Singh et al. (2012) ; 
Dubey et al. (2015) 

 A regional pollution control board 
pressurizing the firm to adopt green 
practices; 

 Government regulations provide clear 
guidelines in controlling pollution 
level; 

 Pollution control board strictly 
monitors the pollution level of firms 
on a periodic basis; 

 Green practices decrease incidence of  
penalty fee  charged by pollution 
control board 

Supplier 
Relationship 
Management 

Bierma and Waterstraat (1999); 
Vachon and Klassen (2006); 
Hsu and Hu (2009); Bai and 
Sarkis (2010); Ku et al. (2010); 
Testa and Iraldo (2010); van 
Hoof and Lyon (2013); Dubey et 
al. (2015) 

 Environmental criteria considered 
while selecting suppliers; 

 Firm considers environment 
collaboration with suppliers; 

 Firm has technological integration 
with suppliers; 

 Firm trains and educates suppliers in 
implementing ISO 14001; 

 Environmental audit for suppliers 
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Lean 
manufacturing 

Farish (2009); Franchetti et al. 
(2009); Deif (2011); Dues et al. 
(2013); Hajmohammad et al. 
(2013); Garbie (2013, 2014) 

 JIT tools, techniques and processes; 
 Standardized work/standard 

operations; 
 Cycle time/lead time/lot-size 

reduction 
 Cellular manufacturing/focused 

factory 
 Mixed model assembly/mass 

customization ; 
 Pull system; 

Environment Carter and Rogers (2008); 
Azevedo et al. (2011); Deif 
(2011); Bhateja, et al. (2012); 
Seman et al. (2012); Whitelock 
(2012) 

 Environmental technology; 
 Recycling efficiency; 
 Eco packaging; 
 Level of process management which 

includes pollution control, waste 
emissions, carbon footprints etc; 

Social Carter and Rogers (2008); 
Pochampally et al. (2009); 
Gunasekaran and Spalanzani 
(2012); Dues et al. (2013); 
Gavronski et al. (2013) 

 Management commitment; 
 Customer satisfaction 
 Employee development; 

Economic Carter and Rogers (2008); 
Azevedo et al. (2011); Ageron et 
al. (2012). 

 Environmental cost; 
 Supply chain cost; 
 Cost to quality; 
 Responsiveness cost; 

 

4. Research Design 

4.1 Measures 

Measures were adopted or modified from scales identified from extant literature 

to avoid scale proliferation. We used multi-item measures of constructs for our 

theoretical model in order to improve reliability, reduce measurement error, 

ensure greater variability among survey individuals, and improve validity 

(Churchill, 1979). Each construct was operationalized using at least three 
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board 

Supplier 
Relationship 
Management 

(X3) 

Alpha: 0.960 

  

Environmental criteria 
considered while selecting 
suppliers 

0.878 

0.93 0.74 

Firm considers environment 
collaboration with suppliers 

0.843 

Firm  has technological 
integration with suppliers 

0.816 

Firm trains and educates 
suppliers in implementing 
ISO14001 

0.878 

Evironmental audit for 
suppliers done periodically 

0.876 

Employee 
Involvement 

(X4) 

Alpha 

Strategic participation 0.781 

0.87 0.70 
Organizational participation 0.846 

Task discretion 0.872 

Customer 
Relationship 
Management 

(X5) 

Alpha: 0.787 

  

  

Does  green practices improve 
customer satisfaction  

0.821 

0.90 0.70 

Do your firm recover end of life 
products from customers 

0.837 

Customers suggestion are 
implemented 

0.812 

Do your customers appreciate 
eco-friendly products 

0.869 

Total Quality 
Management  

Firm has  successfully 
implemented Total Quality 
Management  

0.818 

0.90 0.69 
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(X6) 

Alpha: 0.715 

Green practices promote 
product quality  

0.813 

Employee training for quality 0.868 

Supplier quality assurance and 
management 

0.834 

Total 
Productive 

Maintenance 

(X7) 

Alpha: 0.926 

Maintenance strategy and 
policy deployment ownership 

0.856 

0.92 0.69 

Process/equipment 
classification, standardization 
and improvement 

0.876 

Process quality maintenance 0.897 

Maintenance 
practices/procedures/practices 

0.813 

Standardization of materials, 
machines and methods (3Ms) 

0.678 
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6.2 Goodness of Fit (GoF) of the Model 

Tenenhaus et al. (2005) have proposed only one measure for GoF in PLS 

(Partial Least Square) based structural equation modeling (SEM). Since the 

seminal article by Tenenhaus et al. (2005) there is an increasing trend among 

researchers to use PLS-based SEM to test their theories. We have used the 

average R-Square and geometric mean of AVE for the endogenous constructs in 

the following formula: 

GoF= Sqrt ((Average R-Square)* Geometric mean of AVE)) 

(Here Sqrt =  square root and AVE= Average Variance Extracted) 
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Table 5: Goodness of Fit 

 Construct R-Square 
(model1)  

Environmental 
Performance 

R-Square 
(model2) 
Social 

Performance 

R-Square 
(model3) 
Economic 

Performance 

AVE 

Leadership 0.154 0.180 0.207 0.69 

Regulatory 
Pressure 

0.404 0.276 0.361 0.71 

Supplier 
Relationship 
Management 

0.576 0.415 0.490 0.74 

Employee 
Involvement 

0.527 0.424 0.454 0.70 

Customer 
relationship 
Management 

0.473 0.364 0.356 0.70 

Total Quality 
Management 

0.287 0.107 0.196 0.69 

Total Productive 
Maintenance 

0.5 0.364 0.386 0.69 

Lean 
Manufacturing 

0.296 0.293 0.303 0.56 

GoF 0.52 0.45 0.48  

 

Table 8 shows that the GoF for model 1 (i.e. when exogenous construct is 

environmental performance) is 0.52. As per Wetzels et al. (2009), if GoF is 

greater than 0.36 then the adequacy of the model validity is large. Similarly we 

calculated GoF for model 2 (i.e. social performance as exogenous construct) 

and model 3 (i.e. economic performance as exogenous construct). The GoF 
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value for model 2 is 0.45 and model 3 is 0.48. Hence we can see from 

calculated values of GoF that the adequacies of the model validity are high.  

 

7. Conclusion, Contributions and Further Research Directions 

In the current paper we have attempted to revisit the role of BD on WCSM by 

using BD, which is characterized by volume, variety, velocity and veracity. The 

SNS offers an immense opportunity in terms of data gathering. However due to 

the authenticity of data and ethical issues, we have adopted classical approach 

using a SNS platform. We have generated a theoretical framework (see Figure 

1) using extensive literature review of current literature and further tested our 

theoretical framework using gathered data. We have checked the psychometric 

properties of measurement items of our instrument. The CFA output suggests 

that our framework constructs possesses convergent validity and discriminant 

validity. Thus our constructs satisfy content validity and construct validity, 

which is unique from methodological point of view.  

 

7.1 Academic and managerial contribution 

This paper contributes to the literature of BD and WCSM (Whetten, 1989). Our 

study is a response to the call by BD scholars (Agarwal and Dhar, 2014; Dutta 

and Basu, 2015) for more studies on the opportunities enabled by BD. We 

stated the importance of BDA through our proposed framework, driven by the 

need expressed by scholars (e.g. Dubey et al, 2015; Wamba et al., 2015) to 

utilize BD to achieve superior performance according to the tenets of WCSM, 

but at the same time to consider the environmental and social consequences of 

these organizational actions. We extended the WCM term (Flynn et al., 1999) to 

include sustainable manufacturing and sustainable practices (e.g. Lovins et al., 

1999; Despreisse et al., 2013), addressing the need expressed by Garetti and 

Taisch (2012) to process large data related to the environmental, social, and 
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5. Discussion 623 

The majority of studies of larval dispersal have focused on regional scales (e.g., Robins et al., 2013; 624 

Storlazzi et al., 2017). Here, we have examined connectivity and retention rates at both the regional 625 

and local scales that are of interest in abalone aquaculture. The regional connectivity projections 626 

(Sec 4.1) act as a first-pass estimate of a maximum potential transport range of naturally seeding H. 627 

midae during the planktonic larval phase. From the perspective of managed seeding of farmed 628 

larvae, the regional model indicates connectivity and self-seeding potential after a 24-h period (Fig. 629 

7); however, at this scale there is no indication of larval retention rates within the energetic and 630 

morphologically complex intertidal to subtidal habitat of the abalone, which necessitates use of a 631 

local scale model (Sec 4.2).  632 

The regional dispersal model and the local advection model are summarised in Figure 13. Regional 633 

pathways (Fig. 13, top and middle rows) under low- and high-energy scenarios have been inferred 634 

from Figs 5–6. It is stressed these are potential maximums given sustained uniform forcing, and 635 

actual rates of transport given frequent variations in forcing are likely to be substantially less 636 

(McQuaid and Phillips, 2000), in particular for easterly forcing which occurs more sporadically (Fig. 637 

2). It is predicted that St Francis Bay can be crossed in both the east and west directions under 638 

sustained low energy, with a high degree of connectivity between Cape Recife and adjacent sites to 639 

the west (Sites 5 to 8, Fig. 13), consistent with other studies demonstrating connectivity between 640 

nearby Hawaiian islands (Storlazzi et al., 2017) and shellfish populations up to 50 km apart in the 641 

Irish Sea (Robins et al., 2013). 642 

Both St Francis Bay (Fig. 13, top) and Algoa Bay (Fig. 13, middle) can theoretically be crossed in both 643 

directions under sustained high energy. Algoa Bay in particular presents a likely impediment to 644 

connectivity, in all but the most sustained, high-energy conditions. Bird Island acts as a linking point 645 

across Algoa Bay (Site 9, Fig. 13), and could be further explored as a potential key natural seeding 646 

population. These findings indicate that under dominant westerly forcing, sites to the east of Algoa 647 

Bay may be larval supply-limited and may therefore be target regions for larval seeding. Genetic 648 

variation studies (Rhode et al., 2017) and drifter-based validation (Storlazzi et al., 2017), are required 649 

to determine the extent of cross-bay connectivity of wild populations. Our findings are generally in 650 

line with earlier crude estimates of mussel larval transport potential in this region using wind data 651 

(McQuaid and Phillips, 2000), predicting gross displacement of 100–200 km over the course of a 652 

month, and net transport of 50 to 160 km.  653 

The first-pass Delft3D model in this study does not include the Agulhas Current (Goschen et al., 654 

2012, 2015) or 3D forcing at the boundary. An observational study of mussel larvae in the Algoa Bay 655 
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region (Weidburg et al., 2015), found that high veliger abundances were found close to the coast 656 

and inferred that vertical swimming strategies may assist with onshore retention, consistent with 657 

studies in other regions (Robins et al., 2013). Periodic meanders from the Agulhas act to vertically 658 

homogenise the flow, occasionally pumping mass offshore transport of larvae (Weidburg et al., 659 

2015). A simplified vertical swimming procedure has been applied in the present study (Table 2); 660 

however, a full analysis of the impact of swimming behaviour and the interaction with 3D 661 

oceanographic process will be incorporated into the next phase of regional modelling. Aleatoric 662 

variability in forcing conditions are expected to produce large variations in larval transport rates 663 

(Erftemeijer et al., 2009). Accordingly, in the case of the Eastern Cape, South Africa, it would be 664 

interesting to model various typical wind and wave patterns (e.g., a frontal system from the WSW) 665 

combined with geostrophic current behaviours (e.g., meanders from the Agulhas current).  666 

 667 
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   668 

Figure 13. Conceptual summary of regional larval dispersal range after a 9-day pelagic stage (top and middle) 669 

and suggested strategies for larval release points at Cape Recife to maximise residence times (bottom row). For 670 

bottom row, optimal release zones are indicated by ‘IN’ for the inner, shallower band, and ‘OUT’ for the outer, 671 

deeper band; pink/blue arrows indicate additional zones larvae are likely to disperse to. 672 

 673 

  674 
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At the local scale around Cape Recife, the modelling results are now interpreted in the context of 675 

planning the release of farmed abalone larvae that are in settling phase (Table 2) to identify the 676 

optimal release points to maximise residence times. Unsurprisingly, lower energy conditions are 677 

projected to result in higher maximum residence times (Fig. 11), consistent with other works at 678 

lower resolution (Stephens et al., 2006; Robins et al., 2013). If performing an inshore release in the 679 

lower intertidal region, our modelling suggests the ideal release point is from the gullies and small 680 

bays just west of the cape (‘IN’ region in bottom row of Fig. 13). Simulations indicate that particles 681 

released here will stay locally for longer and in the case of westerlies, also have extended residence 682 

times as they are transported through the rest of the system (Fig. 13, blue arrows). Releases under 683 

low energy westerlies in these regions are predicted to have the longest residence time in the 684 

shallow depth band (>2 h). By contrast, if performing an offshore (boat-based) release, the predicted 685 

optimal release location under westerly forcing is at the southwest tip of the domain (Fig. 13, 686 

bottom-left, ‘OUT’), while just south of the tip of the cape is projected to be best during easterlies 687 

(Fig. 13, bottom-right). These findings highlight the importance of high resolution modelling for 688 

abalone habitats and other shellfish species with a planktonic larval phase, in which residence time 689 

in regions of suitable settlement habitat are a key factor in recruitment success (Moss and Tong, 690 

1992; Cowen and Sponaugle, 2009), in particular where there is interest in seeding sites with farmed 691 

larvae that are ready to settle. Besides location and timing, larval density and habitat suitability are 692 

important controls on survival rates (Preece et al., 1997; Boxshall, 2000). The current approach does 693 

address larval density to some degree (Fig. 12), and habitat suitability is simplified into preferential 694 

depth ranges (Fig. 11); however, these factors should be addressed explicitly in future efforts.  695 

Particles in both shallow and deep regions have the potential to be caught in recirculating eddies, 696 

also described as ‘boundary rip cells’ (Castelle et al., 2016), with subsequent potential for 697 

distribution throughout the rest of the system. However, the residence times for passive particles 698 

around a rocky cape were found generally to be short (a few hours at most). This can be contrasted 699 

with hydrodynamic studies examining surf zone retention rates (residence time of passive particles) 700 

which find that retention rates within the surf zone of a long open coast beach will generally 701 

increase with wave height (Castelle et al., 2014) as larger waves trap material in the surf zone, while 702 

headlands and rocky coasts can act to substantially increase the exchange of material between the 703 

surf zone and nearshore (Castelle and Coco, 2013), as hard rocky boundaries deflect wave generated 704 

currents offshore.  705 

One significant limitation of the local scale model is use of a depth averaged (2D-horizontal) method. 706 

This approach cannot resolve 3D processes that may be important for onshore transport of larvae 707 

such as surface wind generated currents and wave streaming at the bed (Fujimura et al., 2014). 708 
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However, in the highly-energetic surf zone, it is anticipated that abalone vertical swimming 709 

behaviours will be overwhelmed by turbulent mixing (Koehl and Powell, 1994). At a microscopic 710 

scale, water velocities and chemical cues to larvae may also influence behaviour (Koehl and Hadfield, 711 

2010).  A more sophisticated 3D model is required to resolve these processes in future. 712 

In this study, we have investigated the potential for larval release in the Eastern Cape region, 713 

examining transport pathways and residence times. The choice to examine the seeding of larvae as 714 

opposed to juveniles was prompted by the interest of local ranchers in larvae release due to the 715 

lower cost and shorter duration of farm-based cultivation. However, no direct comparison of the 716 

costs and benefits of larval compared to juvenile seeding has been conducted in this region, and 717 

should be the basis of future work.  Previous studies have shown that mortality rates for juveniles 718 

may be high in some cases, (e.g., >85%; James et al., 2007), though this is highly case-dependent, 719 

with Roodt-Wilding (2007) providing an extensive summary of mortality rates ranging from 30% to 720 

>95% for various abalone juvenile seeding programs, distributed globally. Rates of mortality for 721 

larvae are expected to be even higher (e.g., Preece, 1997), which may be an acceptable trade-off for 722 

reduced farming costs, but this is yet to be quantified.  723 

Genetic considerations are critical in any reseeding program (Roodt-Wilding, 2007). It is important to 724 

maintain high genetic diversity in hatchery-reared stock that will be used for reseeding natural 725 

habitats, and the genetic distribution of seeded larvae should be tested to ensure they are 726 

genetically representative of wild populations. If such procedures are not followed, genetic 727 

contamination may occur (Roodt-Wilding, 2007; Rhode et al., 2012; Rhode et al., 2013), which can 728 

present a major risk factor to ranching and stock enhancement. Algoa Bay has been identified 729 

through genetic analysis as a potential or partial barrier to gene flow (Bester-van der Merwe et al., 730 

2011), this is entirely consistent with our regional modelling results which suggest that Algoa Bay 731 

may be crossed by larval abalone, but that this is likely to occur infrequently, only under extreme, 732 

sustained wave and wind conditions. These relatively rare events that transmit genetic material 733 

across geographic barriers could be a mechanism to explain observed temporal shifts in genetic 734 

structure within a single location (Rhode et al., 2017). Given the potential genetic divide to the east 735 

and west of Algoa Bay, it may be necessary to conduct ongoing genetic testing to ensure that 736 

hatchery-reared larvae are adequately genetically matched to individuals not only in the location 737 

they are seeded, but also with populations at downstream locations that our modelling predicts they 738 

may be distributed to (Fig. 13-top).  739 

 740 

 741 
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A limitation of the present study is the geographic restriction to the Eastern Cape region of South 742 

Africa, which fails to capture the full distribution of H. midae. A sufficiently robust biophysical model 743 

that includes the major oceanographic processes (e.g., Storlazzi et al., 2017), could be used to assess 744 

connectivity across the full range of H. midae, covering the west, south and east of South Africa. 745 

Such an approach could be used to test large-scale hydrodynamic influences on genetic diversity and 746 

barriers to gene transport (e.g., Bester-van der Merwe et al., 2011; Rhode et al., 2012, 2017). 747 

 748 

 749 

6. Conclusions 750 

A multi-scale modelling approach was undertaken to better understand abalone larval connectivity 751 

and residence times across a section of the Eastern Cape, South Africa, to inform a larval seeding 752 

program. A Delft3D model was applied regionally to make a simplified, first-pass assessment of 753 

potential transport distances. An XBeach model was applied at high resolution to examine residence 754 

times within known abalone habitats at Cape Recife. The latter represents a novel application of this 755 

type of surf zone model in relation to larval dispersal, when combined with the complexity of the 756 

morphology involved.  757 

For the regional model, the initial finding was that abalone sites had potential connectivity across 758 

50-100 km ranges. However, the extensive stretch of Algoa Bay is likely to act as a barrier to larval 759 

dispersal in all but the most extreme, prolonged forcing conditions. An offshore site, Bird Island, may 760 

act as linking point across the bay, and as such may represent a key connection to the potentially 761 

larval supply-limited eastern regions. At the local level, specific sites were identified in order to 762 

maximise residence times within the rocky, coralline algae encrusted, intertidal habitat suitable for 763 

larval settlement. In particular, a zone of protected rocky gullies, with seeding occurring under 764 

lower-energy wave conditions, is predicted to increase residence in the target zone by an order of 765 

magnitude or more relative to random seeding. This multi-scale approach provides useful 766 

information on connectivity and larval seeding strategies for the Eastern Cape region, and Cape 767 

Recife in particular. More broadly, these methods could be applied to similar abalone fisheries in 768 

other locations. 769 

 770 

 771 
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