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Abstract 

The adoption/utilisation of Lean, Agile and Green (LAG) practices in both the manufacturing 

and service sector is rising. However, there yet remain a research gap to precisely evaluate 

the relationship between LAG practices and business competitiveness (e.g, achieving 

reduction in cost, lead time and environmental recyclable waste). This research aims to 

explore this relationship, specifically in fast-moving consumer goods (FMCG) businesses. 

The hypothesised relationships are tested with data collected from 96 FMCG companies. 

Structural Equation Modelling is applied to evaluate different channels of achieving business 

competitiveness through the adoption of Lean, Agile and Green. The findings suggest that 

competitive outcomes vary with the adoption of LAG practices in specific product life cycle 

stages. This implies that awareness of the product life cycle concept is essential. A 

combination of LAG practices for the sole purpose of reducing environmental waste is 

negatively related to environmental waste reduction. LAG practices are more efficiently 

adopted when the adopters are equipped with expert knowledge on the paradigms and their 

individual practices. This research has approached the attainment of competitiveness in the 

FMCG businesses by analysing management efforts that improve cost performance, lead time 

and environmental sustainability aspects of business operations. The research has also 

considered the product life cycle stages in analysing the impacts of management efforts. 

Keywords: Lean, Green, Agile, Product Life Cycle, Competitiveness 

1. Introduction 

The Global Business environment characterised by highly dynamic and cost-driven global 

competition (Gecevska et al., 2012) demands operational excellence (Gólcher-Barguil et al., 

2019) and business competitiveness. For a competitive business environment, innovation 

needs to be embedded/encouraged in all dimensions – product, process and organisation 

(Gecevska et al., 2012; Breznitz and Cowhey, 2012; Casadesus-Masanell and Ricart, 2010; 

Salam and Khan, 2018). An increase competition and the fluidity of customer expectations 

require the organisations to make efforts to gain competitive advantages in the market place 

(Pakdil and Leonard, 2014). Due to this increasing rate of competition, businesses in every 

sector are under increasing pressure to continually assess their business strategies in order to 

exploit the rapidly changing market drivers. Some of these drivers are discussed below. 

1.1 Competition 

The competitive rivalry is ever increasing in the market and such is the scenario for the fast-

moving consumer goods (FMCG) sector. Oraman et al. (2011) emphasise that the FMCG 

sector is one of the most intense competition driven markets. The list of competitive options 

included among others is the price which is affected by production costs, delivery speed, 

quality and product image (Tersine and Hummingbird, 1995). Furthermore, these competitive 

options and priorities change as products progress through their different product life cycle 

(PLC) stages. Tersine and Hummingbird (1995) argue that as no organisation is capable of 

excelling in all these factors simultaneously, the decision to focus a single one or a 

combination of these factors provides a unifying guiding force for competitive advantage. 

Striving to be a low-cost producer in volatile and price-sensitive markets is a powerful 



 

 

   

  

   

 

  

  

    

   

    

    

  

 

 

  

  

  

    

   

      

   

    

   

 

 

 

   

  

     

    

   

 

  

   

 

  

      

     

  

        

    

    

  

competitive advantage (Collins, 2013; Mariano, 2015). Simultaneously, management of time, 

particularly lead time is believed to make a positive contribution to the competitive advantage 

of a firm (Al Serhan et al., 2015; Tersine and Hummingbird, 1995). 

1.2 Product Life Cycles (PLC) 

PLC is made necessary as a result of the need for improved awareness on the volumes 

required to be produced and the competitive priorities of each product, and the way these 

change over the product’s life cycle (Luna and Aguilar, 2004; Aitken et al., 2002; Sharma, 

2013). The high level of demand fluctuations in the FMCG industry (Aljunaidi and Ankrah, 

2014) makes FMCGs particularly vulnerable to PLC changes. According to Sharma (2013) 

companies, especially those in the FMCG sector who persisted with the consideration of the 

PLC concept had a better competitive advantage than those who did not. 

1.3 Environmental Sustainability 

The concerns for environmental sustainability are of crucial importance and are becoming an 

integral part of corporate performance metric (Garza-Reyes et al., 2018; Nadeem et al., 2019) 

– one that stakeholders, outside influencers and even financial markets have started to 

monitor. As a result, there has been an increase in the influence of regulatory bodies and 

governments on corporate strategy. Businesses are put under pressure to take responsibility 

for the impact of their business decisions on the environment (Movahedipour et al., 2017) and 

apply measures to reduce such impacts. As manufacturers focus on environmental 

sustainability, the PLC concept becomes even more important (Nadeem et al., 2019; Madu et 

al. 2002). 

Addressing the above-mentioned concerns require effective levels of leanness, agility and the 

deployment of environmental management practices, as these are advocated to play the 

foundational role to gain of competitiveness (Cabral et al. 2012; Espadinha-Cruz et al. 2011; 

Hasanian and Hojjati, 2016). However, evidence on the impacts of lean, agility and green 

adoption on business competitiveness are mixed and often ambiguous. Methodological 

inconsistencies, piecemeal adoption and contextual factors may be contributory factors to the 

variations recorded regarding the impacts of LAG on competitive measures. 

The aim of this study is to explore the relationship between LAG and business 

competitiveness while focusing on additional sources of variations of the measures of 

competitiveness-cost, lead time, and the product life cycle (PLC) stages. Variations on 

reported impacts of LAG mean that firms are unclear about the adoption details of LAG. This 

study’s central hypothesis posits that monitoring, analysing and reporting the impacts of LAG 
on cost and lead time, provides important and actionable information in business operations 

and that competitiveness is improved by a combination of appropriate LAG practices at PLC 

stages. For this purpose, the study begins with exploring the relationships between LAG and 

performance measures. First, it discusses the performance measures Cost (C), Lead time (Lt) 

and Environmental waste (W), and why they are suitable measures for this study. Further, an 

integrated framework is presented which includes LAG, PLC and performance measures C, 



 

 

  

 

    

     

  

    

    

      

    

 

 

  

 

 

 

 

  

   

     

   

 

 

      

 

      

   

     

    

      

  

    

 

   

 

 

  

   

  

  

    

 

 

    

 

Lt, and W. The study then uses structural equation modelling (SEM) to examine the 

relationships depicted in figure 1. 

The novelty of this research lies in that fact that it examines the effects on C, Lt and W., 

while including PLC as part of the investigation. The PLC provides a rarely considered 

source of variation which may be unavoidable for FMCGs. This variation is shown by the 

different outcomes reached at the different PLC stages when the same lean practices are 

adopted. The key finding of this study is that LAG adoption yields different outcomes given 

different market conditions. Therefore, it is useful to be aware of the LAG practices that are 

best suited for the prevailing market conditions, such that preferable competitive outcomes 

are realised. 

This paper comprises of five sections. The first section briefly introduces the scope of this 

research, the second section provides an overview of the performance measures of Lean, 

Agile and Green, which are advocated in this research as measures of competitiveness. The 

third section presents the hypothesis development and associated literature leading to the 

development of those hypotheses. A total of thirteen hypotheses are discussed covering the 

relationship between LAG and performance measures, including lean adoption in PLC stages. 

In the fourth section, the research methodology and data collection are discussed. The fifth 

section presents the theoretical and managerial implications and concludes this research with 

a summary of limitations and future research directions. 

2. Performance Measures 

Given that a critical challenge in the FMCG industry is to competently support increasing 

customer demands, Farahani et al., (2013), Found and Rich (2007) and Aljunaidi and Ankrah, 

(2014) believe that manufacturers are pushed to focus on cost reduction and that this issue 

becomes even more critical because customer loyalty is often in short supply in this industry, 

and that high competitiveness implies that this has to be realized at minimal cost. Also, 

extended lead times have been considered as obstacles in the FMCG industry (Farahani et al., 

2013), reducing lead times could, therefore, improve competitiveness in the FMCG industry. 

Furthermore, given that businesses are facing increasing pressure to minimize the ecological 

impact of production activity, taking responsibility for the impact of their management 

decisions on the environment is now inevitable. Enterprises must now comply with 

environmental regulations. Consequently, environmental waste reduction is a reasonable 

consideration. 

2.1 Cost Reduction 

Making efforts to reduce production costs is a powerful competitive advantage (Johnson, 

2004); Fouskas and Giaglis, 2011; Muehlhausen, 2012; Porter, 1985; Williamson, 2015). For 

this research, it indicates the extent to which practices adopted contribute to the reduction of 

production costs. This is an essential factor to be reduced in production in order to stay 

competitive. 

Ploy et al. (2011) state that cost as a manufacturing performance indicator is the ability to 

effectively manage production cost and its associated aspects such as overhead cost, 



 

 

      

   

    

   

   

   

 

 

  

 

 

   

      

      

   

 

 

     

  

 

  

 

  

  

  

 

   

      

    

   

 

     

 

 

   

 

       

  

   

  

        

 

inventory cost and value-added cost. Along with changes in product models in a production 

line, equipment (including machines) are relocated considering the overall costs of material 

handling and reconfiguration (Sanchez and Nagi, 2001). Hence cost can be considered in 

terms of material handling costs and reconfiguration costs. The authors also include the cost 

of purchase of resources, total cost of processing as well as that of all possible system 

reconfigurations as part of possible measures for cost. In other words, costs could be 

measured by what each practice takes out of the operating budget of a firm. 

2.2 Lead Time 

The length of lead time directly affects the operational and competitive abilities of a business 

(Maheshwari et al., 2010), hence, the reduction of lead times can be a competitive advantage 

(Pan and Yang, 2002; Villarreal and Salido, 2009). For this research it indicates the ability of 

the manufacturing enterprise to execute a particular job - from the date, it is ordered to the 

date it is delivered (Lederer, 2008) - quickly and as soon as the order is placed. Lead times 

needs to be minimized in production as excess time is waste, and leanness calls for the 

elimination of all waste. 

Lead time is measured in exactly what it is defined by time. This is usually in days or weeks 

depending on the product and/or the company. Lead time is an important attribute of 

production and it can be reduced by applying various LAG practices. 

2.3 Waste 

Waste is a by-product of everyday activities that creates a serious hazard to civilization 

(Begum et al., 2012). It is the amount of commercial, industrial and other material wastes 

produced in all forms of the production process including management activities which need 

to be reduced and how practices adopted correlates with the reduction of waste. In this 

research, practices which contribute more or less to the reduction of waste will be identified. 

Rehman (2012) states that impact analysis identifies the activities that contribute greater and 

lesser environmental impact, including the percentage of waste recovered/recycled/sold 

off/disposed of. The handling, treatment and disposal of wastes have costs attached to them 

and hence must be reduced in order to be competitive. Generated waste is used as a measure 

for green because it is related to aspects of environmental performance including clean and 

renewable energy generation, environmental impacts and emission of greenhouse gases 

(Begum et al., 2012). Greenhouse gas emissions could either be avoided or produced by 

waste management activity (Digest of Waste and Resource Statistics – 2015 Edition, 2015). 

EPA (2015) reports that the majority of waste disposed of in North London is sent to landfill, 

with the rest of it either recycled or incinerated. The government introduced a tax on every 

tonne of waste sent to landfill because landfill waste creates methane and a liquid called 

leachate which damages the environment through improper management. As of 2011, the 

cost of sending a tonne of waste to landfill was £48 (EPA, 2015). From 1 April 2016, the 

standard tax rate has risen to £84.40 per tonne of waste to landfill (EFW, 2015). 



 

 

  

  

 

 

 

  

  

     

   

     

    

 

         

 

 

 

 
  

 

 

      

  

   

    

  

 

  

 

 

 

       

  

       

The following sections review the impacts of lean, agility and green on the measures of 

competitiveness i.e cost, lead time and waste. This review helped in the development of the 

questionnaire. 

3. Hypotheses Development 

Figure 1 is a research framework, showing how business competitiveness is related to LAG, 

cost, lead time, environmental waste and PLC. Specific hypotheses are discussed in the 

following sections. In developing the hypotheses, 150 questionnaires were distributed 

following a pilot study of members of the Institute for Operations Management which has 

approximately 2000 members. The sample size was calculated using the sample size method 

applied in Esan (1994), at a 95% confidence interval, recommending that 83 questionnaires 

should be distributed. Figure 1 shows a snippet of the questionnaire. Reliability testing of the 

questionnaire was conducted and the constructs internal consistency and validity were 

measured using Cronbach’s alpha and was found to be α = 0.76 which indicates sufficient 

reliability (Inman et al., 2011). 

Figure 1 Snippet of survey questionnaire 

3.1 Lean 

Shah and Ward (2003) believe that the adoption of lean practices is related to improvements 

in operational performance measures. The most usually cited advantages related to the 

adoption of lean practices are improvements in labour productivity and quality, reduction in 

cycle time, manufacturing costs and customer lead time (Shah and Ward, 2003). There are 

many lean practices/tools/techniques which help manufacturing organizations to apply best 

manufacturing practices (Mirdad and Eseonu, 2014; Shah and Ward, 2007; Ashutosh et al. 

2007), hence improving process flow and achieving cost-effective performance improvement 

through the elimination of wastes. Some of them are discussed herein. 

3.1.1 Cost Reduction 

Mackelprang and Nair (2010) believe that cost performance is positively related with set up 

time reduction, pull system, uniform workload, lot size reduction and preventive 

maintenance. In other words, these practices identified by Mackelprang and Nair (2010) help 



 

 

   

  

      

 

 

     

  

 

        

    

 

  

 

  

   

   

  

   

  

            

         

  

   

 

 

     

    

 

 

    

   

   

  

 

      

   

    

   

   

     

in the reduction of manufacturing costs. Similarly, preventive maintenance helps improve 

performance costs because it helps minimize the average percentage downtime of machinery 

due to failure as it helps to minimize losses from wages that must be paid despite the 

stoppage of work due to machine failure (Nakamura et al. 1998). 

According to Kumar et al. (2013), material handing accounts for 15% to 75% of total 

manufacturing costs due to a poorly laid out facility. This implies that a poor cellular layout 

of the manufacturing facility may lead to an increase in total manufacturing costs. This then 

entails that a suitably re-engineered production process involving the appropriate physical 

layout of facilities and equipment could, in fact, mitigate the negative impact on 

manufacturing costs ascribed to material handling and related practices. When adopted to 

expressly provide customer satisfaction, planning and scheduling can be directly translated 

into the reduced cost (Eyong, 2009). 

Liebesman (2009) believes that uniform workload which is the elimination of variability on 

assembly line production systems helps reduce costs. Group technology has also been 

identified by Vázquez-Bustelo and Avella (2006) as a practice that provides key advantages 

for production centres while lowering costs. 

The multiple regression equation that relates the cost performance to the lean practices 

adopted is given by the constant and the coefficients of the unstandardized beta as: 

CR (Cost reduction) = 0.434 + 0.088L1 - 0.245L2 + 0.001L3 - 0.0127L4 + 0.278L5 - 0.008L6 

0.116L7 + 0.056L8 + 0.002L9 - 0.129L10 + 0.176L11 + 0.106L12 - 0.220L13 

The equation shows that time base competition, setup time reduction, bottleneck removal, 

total quality control, quality circle, pull system/kanban and preventive maintenance are 

positively correlated to Cost performance. 

3.1.2 Lead Time Reduction 

Lean practices enhance productivity by reducing lead times in a variety of ways. Reducing 

lead time for a fixed service level requires a reduction in average cycle time, set up time and 

the removal of bottlenecks (Singh et al., 2013). The symptoms of bottlenecks/constraints 

include congestion slowdowns, queue formation and shipping delays. The authors observed 

that when bottlenecks were removed or reduced the average velocity of the production traffic 

increased. Time-based competition, lot sizing (production in small/large batches), continuous 

flow production and bottleneck removal are lean practices identified by de Treville et al. 

(2004) to contribute positively in the reduction of lead times. 

Sharma et al. (2015) performed multiple regression analysis to evaluate the impact of several 

lean manufacturing practices on lead time (The manufacturing practices being the 

independent variables). In their research, pull system was discovered to be a positive 

predictor (Nakamura et al., 1998; Sharma et al., 2015; Singh et al., 2013) while set up time 

reduction was observed to be a substantial positive predictor for lead time reduction meaning 

that a reduction in set up time leads to a significant reduction in lead time, hence improving 



 

 

  

    

   

 

 

 

   

  

  

    

 

 

   

     

  

 

 

 

 

   

  

   

  

 

  

    

      

     

     

    

 

  

  

 

      

    

     

  

     

   

the lead time performance. Sharma et al. (2015) expressed surprise at the negative coefficient 

observed for total productive maintenance (preventive maintenance) as it was contrary to 

popular belief with respect to lead time reduction. This result is surprising given the fact that 

regular maintenance practices prevent machines from pre-emptive break downs thus reducing 

throughput time. 

Focused factory and continuous flow production are also practices believed to reduce lead 

times as simplicity, repetition, experience and homogeneity of tasks are qualities which make 

that possible (Singh et al., 2013). Lean is expected to enhance the ability of an organization 

improve customer value and experience in terms of lower lead times which will enhance the 

competitiveness of the organization. 

The multiple regression model for lead time reduction is given as, LTR= -0.287 + 0.094L1 + 

0.084L2 + 0.0980L3 + 0.175L4 - 0.022L5 + 0.082L6 -0.019L7+0.102L8 + 0.024L9 + 0.041L10 + 

0.110L11 – 0.058L12 – 0.022L13 

The equation shows that time based competition, cycle time reduction, set up time reduction, 

cellular manufacturing, focused factory, total quality control, quality circles, continuous 

improvement, and pull system/kanban are positively correlated to lead time reduction. 

3.1.3 Waste Reduction 

Nadeem et al., (2017) and Dieste et al., (2019) affirms that there is a relationship between 

lean manufacturing and environmental performance. There is a similarity in the waste 

reduction techniques of both lean and green, with an emphasis on business and manufacturing 

process practices (Dues et al., 2012). Waste reduction through a transition in business 

practices is realized by an adaptation of company management culture (Mollenkopf et al. 

2010 in Dues et al. 2012). This implies that a change in the company’s vision and integrating 

lean and green practices into support functions, such as administration and building 

maintenance would have to occur. Both lean and green consider how to integrate product and 

process redesign in order to extend product use, or enabling easy recycling of products and 

making processes more efficient, i.e. less wasteful (Dues et al., 2012). Sroufe (2003) cited in 

Yang et al. (2011) contend that firms who employ lean practices to reduce internal wastes 

also adopt practices for improved environmental management and that environmental 

management encompasses activities from product development to final delivery and 

discarding of products. 

Modi and Thakkar (2014) contend that effective preventive maintenance is a lean practice 

which eradicates machine breakdowns, defects, scrap and rework, mini stoppages and 

reduced speed. It can, therefore, be said that since it eliminates defects and scrap among other 

things, it will also reduce waste generated. 

The multiple regression model for waste reduction shows that cycle time reduction, et up 

time reduction, focused factory and quality circles are positively correlated to waste eduction. 



 

 

          

            

  

   

 

 

  

   

    

 

 

     

      

  

  

   

  

 

 

 

     

   

   

  

 

  

  

 

   

     

     

    

    

   

   

 

 

 

        

  

  

 

The model is as follows, WR = 7.226 – 0.056L1 + 0.121L2 + 0.039L3 – 0.011L4 – 0.180L5 + 

0.023L6 – 0.092L7 – 0.370L8 + 0.103L9 – 0.415L10 – 0.581L11 – 0.232L12 

Thus, research and experiences with lean may encourage organizations to adopt lean for the 

purposes of cost reduction, lead time improvement and environmental waste reduction. 

Therefore consistent with prior research, this research hypothesizes: 

H1a: Cost reduction is positively associated with the adoption of lean practices 

H1b: Lead time reduction is positively associated with the adoption of lean practices 

H1c: Environmental waste reduction is positively associated with lean adoption 

3.2 Agility 

Lin et al. (2006) believe that agile enterprises, in general, have the capability of ensuring 

lower manufacturing costs, increasing market share, satisfying customer requirements, 

facilitating the rapid introduction of new products, eliminating non-value adding activities (as 

in lean production) and increasing firm competitiveness. Thus, the agile enterprise is seen as 

the winning strategy in the 21st century as it helps equip companies to become national and 

international leaders in an ever-increasing competitive market of fast-changing customer 

requirements. 

3.2.1 Cost Reduction 

Yusuf et al. (2004) believe that the agile supply chain impacts on cost leadership. The cost of 

agility may be associated with actions like purchasing flexible machines, effective 

information systems for real-time capture/sharing of information, enhancing capacity to 

tackle sudden demand (demand flexibility), extra employees to appropriately manage extra 

production volumes and reduced time of production, the selection, development and nurture 

of trustworthy suppliers to provide supply flexibility, the development of capacity for quicker 

production in terms of more fleet and the upgrade of technology (Ravet, 2011). 

In order to bring products to the market as quickly and cost-effectively as possible, it is 

necessary to apply all existing resources notwithstanding their location and work together 

internally and with other companies (Sherehiy et al. 2007). Pasutham (2012) echoed the same 

tune, stating that operating costs can be reduced through the adoption of new information 

technology that enhances internal communication. According to van Hoek et al. (2001), 

operational cost savings can also be achieved through strategic postponement. Pilz-Glombik 

and von Lanzenauer (2002) argue that rapid information flows and the assurance of error-free 

and timely data helps achieve cost reductions and sustained competitive advantages. 

3.2.2. Lead Time Reduction 

Nakamura et al. (1998) and Singh et al. (2013) believe that excessively large lot sizes 

contribute to long lead times. It then follows that adopting the agility practice small batch 

sizes would help reduce lead time. 



 

 

      

    

  

    

  

 

 

 

    

   

     

   

 

 

   

 

 

  

  

 

   

  

 

 

  

  

 

    

   

 

 

 

   

     

   

    

    

    

   

  

 

   

      

Aitken et al. (2002) state that several designers co-operate and simultaneosly work on the 

same project hence increasing the intellectual ability of the team and compressing lead times. 

The capacity to link and take full advantage of the tacit knowledge of designers and suppliers 

helps improve competitive advantage. By extension, research and development for new 

product development, supplier partnership and internal communication could be a catalyst for 

cutting lead times. 

3.2.3 Waste Reduction 

Young et al. (1997) believe that there are considerable opportunities to cut down on waste, 

through innovations in product design and manufacturing processes, which will also lead to 

considerable cost savings and enhanced competitiveness. Hence it can be said that research 

and development for new products could lead to the waste reduction which in turn will lead 

to improved competitiveness. 

It is expected that the adoption of agility practices improves business competitiveness 

through improving costs of production, lead time compression and environmental waste 

reduction. The set of hypotheses are: 

H1d: Cost reduction is positively associated with the adoption of agility practices 

H1e: Lead time reduction is positively associated with the adoption of agility 

practices 

H1f: Environmental waste reduction is positively associated with the adoption of 

agile practices 

3.3 Green 

The study of the relationship between green supply chain management practices and 

organisational performance is one of the most popular subjects of research (Min and Kim, 

2012 in Wang and Sarkis, 2013). Green supply chain management according to Wang and 

Sarkis, (2013) represents a firm’s effort on reducing irresponsible environmental behaviour. 
Environmental waste refers to the unnecessary use of resources (Hallam and Contreras, 

2016). 

3.3.1 Cost Reduction 

Most organizations express the business value of green adoption programs in terms of 

reducing cost through reduced energy and material utilization and reputation protection 

through voluntary commitments on greenhouse gas emissions, energy, labour, water, waste, 

renewable materials, poisonous substances, ecosystems and habitats, and several other issues 

(PricewaterhouseCoopers, 2010). Also, by consuming and disposing of less material, the 

need to handle, treat and dispose of waste along with their associated costs is reduced. 

Furthermore, if the waste eliminated or reduced is regulated under state or federal law - and 

reductions are significant enough - costly permits may be avoided. 

Green manufacturing leads to the achievement of production efficiency (i.e. use of less 

energy and water usage), reduced raw material costs due to (i.e. recycling waste rather than 



 

 

    

  

  

    

 

 

 

  

    

  

    

  

 

 

 

       

 

    

  

    

   

  

   

     

  

  

  

 

 

  

  

    

 

  

   

 

   

 

 

  

    

 

 

buying virgin materials), reduced environmental and work-related safety expenses (i.e. lower 

the cost of complying to regulations costs and potential liabilities), and improved corporate 

image (Ghazilla et al., 2015). (Koechlin and Müller, 1992) state that, 

‘…contrary to a common misconception, environmental management keeps costs 

down rather than jacking them up.’ 

3.3.2 Lead Time Reduction 

Nageswara Posinasetto (2014) posits that the link between green manufacturing and lead time 

have not been clearly established. However, he does not believe that the pursuit of green is 

contrary to a firm’s interests regarding lead time. Furthermore, apart from the environmental 

benefits of green manufacturing, Fischer et al. (2016) believe that green manufacturing has a 

positive effect on other aspects by improving product quality and improving production lead 

time. 

3.3.3 Waste Reduction 

Sanchez Rodrigues and Kumar, (2019) advocate that there are several improvements that can 

be achieved by the simultaneous adoption of Lean and Green, suggesting that lean could lead 

to environmental benefits. Dieste et al., (2019a) found that environmental performance is 

improved by adopting the lean practices just-in-time and total quality management. 

According to Rehman (2012), the unscientific management of waste material generated by 

commercial and industrial activities could lead to serious environmental concerns, therefore, 

immediate appropriate disposal arrangement is required. To achieve overall green disposal, 

there ought to be end-of-life (EOL) treatment (recycling), collection of equipment, use of 

biodegradable materials, also, packaging materials and their disposal ought to be 

environmentally friendly. For better housekeeping, Sroufe (2002) cited in Rehman (2012) 

advocates various activities including segregation of waste. Employee training is one of the 

suggested improvements aimed at reducing waste and maintaining competitive advantage 

(Amani et al., 2015; Uhrin et al., 2017). 

In general, green practices ultimately caters for the minimisation of environmental impact by 

the reduction of toxics, waste, pollution, the optimisation of the use of raw material and 

energy by the application of end-of-life, cradle to cradle and close loop approach (Pandey, 

R.U., et al., 2018; Rehman, 2012). Therefore, this research hypothesizes: 

H1g: Cost reduction is positively associated with the adoption of green practices 

H1h: Lead time reduction is positively associated with the adoption of green 

practices 

H1i: Environmental waste reduction is positively associated with the adoption of 

green practices 

3.4 Product Life Cycle (PLC) 

PLC is used to describe the behaviour of the product from development to its end-of-life or 

retirement in order to maximise the value of and the chances for improved profit in each stage 

of the cycle (Ryan and Riggs, 1996). While the product is in the market, these phases include 



 

 

  

   

    

    

  

 

 

    

    

    

  

 

   

 

     

 

   

 

    

 

 

 

     

  

   

   

 

 

 

introduction, growth, maturity and decline. The importance of the PLC is embedded in the 

fact that it points to market opportunities and threats that may have tactical implications. The 

PLC is a versatile structure for developing contingent hypotheses about appropriate strategy 

options (Hofer 1975 cited in Day, 1981) and directing management attention toward the 

expectation of the consequences of the underlying dynamics of the market being served. 

Knowledge of the life cycle stage of each product will enable organizations to make decisions 

and employ different methods and strategies towards optimising performance (Aitken et al., 

2002; Pham and Thomas, 2012). With this knowledge, a company is equipped with the 

capability to be competitive during all stages of the PLC. Due to the cumbersome nature that 

the tests of hypothesis could take for LAG in four different PLC stages, this research focuses 

on the introduction stage of the PLC and hypothesizes: 

H2a: Competitiveness is positively associated with lean adoption in the introduction 

stage of the PLC. 

H2b: Competitiveness is positively associated with lean adoption in the growth 

stage of the PLC 

H2c: Competitiveness is positively associated with lean adoption in the maturity 

stage of the PLC 

H2d: Competitiveness is positively associated with lean adoption in the decline 

stage of the PLC 

4. Research Methodology 

This study adopts secondary data from Udokporo (2017). The data was gathered through a 

survey of 96 operations managers of FMCG companies in the United Kingdom. A 7-point 

Likert scale questionnaire was used to elicit information based on product life cycle stage 

about the contribution of the LAG practices on cost reduction, lead time reduction and waste 

reduction. 

4.1 Structural Model Path Diagram 



 

 

 
  

 

     

  

  

   

 

 

    

  

   

     

 

    

  

  

 

 

   

    

   

 

 

    

   

  

  

  

Figure 2 Theoretical Model 

The structural model depicted in Figure 2 shows the hypotheses formulated. Prior to 

proceeding with the analysis of the structural model, it is necessary to comprehend the 

structural path diagram. Structural equation modelling shows the diagrammatic model of its 

mathematical representation wherein a set of equations connects dependent variables to their 

corresponding explanatory variables. 

A review of Figure 1 shows that there are seven endogenous variables (4 PLC stages and 3 

performance measure-cost, lead-time, waste) and three exogenous variables (LAG). Arrows 

originating from the exogenous variables are used to show structural regression coefficient, 

they indicate the effect of one (exogenous) variable on another at a given PLC stage (H2a, 

H2b, H2c, H2d) and on the performance measure (H1a, H1b, H1c, H1d, H1e, H1f, H1g, H1h, H1i) 

as shown in Figure 1, the arrows suggest that the variables are effected by their corresponding 

underlying factors. As such the path coefficients signify the magnitude of the expected 

change in the observed variables for every change in the corresponding dependent variable. 

4.2 Structural Model Results 

Figure 3 shows the structural model with parameter estimates. The fit indices establish 

whether the model is acceptable. If the model is acceptable, the significance of the paths (or 

lack of it) is confirmed and established. Some of the rules for acceptance of a model are as 

follows: 

	 The upper confidence level of the root mean square error of approximation (RMSEA) 

should not exceed 0.08 (Hu and Bentler, 1998). Browne and Cudeck (1992) and 

Fullerton et al., (2003) believe that RMSEA should be less than 0.08. Steiger (1990) 

proposes that RMSEA for an acceptable model is ideally less than 0.05 while Tal-Saban 

et al., (2018) adopts a figure less than 0.06. 



 

 

    

  

 

 

   

     

   

   

  

    

 

 

 

 

 
  

 

  

   

     

      

 

 

   

 

 

 

    

 

    

    

	 The Goodness-of-Fit-Index (GFI) should be more than 0.90 (Byrne, 1994). The GFI is 

the sum of the squares of the differences between the observed and expected outcome 

frequencies, divided by the expectation. 

Although many researchers disagree on what constitutes adequate validity for the acceptance 

of a model, Byrne (2001) believe that the RMSEA (the square of the residuals) is one of the 

most informative criteria in assessing a model fit. Hence, this research reports two types of 

fit indexes, the RMSEA (0.375) and the GFI (0.959). The RMSEA figure reported exceeds 

the threshold of 0.08, however, this could be explained by the table, showing that only the 

introduction stage is significant at p < 0.05, the other life cycle stages are not significant. 

Figure 3 Structural Model results 

Cost reduction is positively associated with the adoption of lean practices (H1a): The null 

hypothesis H0 : β = 0, and the alternative hypothesis is Ha : β 0, and the significance level is 

5%. The estimated coefficient of β = 0.43 (t = 0.35 p ˃ 0.05) between lean adoption and cost 

reduction supports H1a. The finding is consistent with earlier literature (Mackelprang and 

Nair, 2010; Kumar et al. 2013). As organisations adopt lean practices, the expectation is that 

production costs are reduced. Achieving production at a reduced cost is a competitive 

strategy (Farahani et al., 2013) and lean is certainly of ways to deliver cost reduction as 

supported by the hypothesis. 

Table 1 Research hypotheses and test results 

β t-value P-value 

Cost reduction 

Lean 0.43 0.35 0.28 

Agile 1.19 1.81 0.66 



 

 

    

 

    

    

    

 

    

    

    

 

 

  

   

    

   

 

    

 

   

    

  

 

   

   

  

  

     

 

  

  

 

    

 

  

      

  

 

 

   

   

    

       

  

       

Green 3.40 3.92 0.63 

Lead time reduction 

Lean -0.29 -0.27 0.92 

Agile 4.36 5.26 0.11 

Green 2.14 2.39 0.00 

Environmental waste reduction 

Lean 7.22 4.53 0.17 

Agile 5.82 6.69 0.001 

Green 3.24 3.18 0.06 

Lead time reduction is positively associated with the adoption of lean practices (H1b): The 

estimated coefficient of β=-0.29 (t=-0.27, p ˃0.05) for the relationship between lean adoption 

and lead time reduction is significant at 5% level of significance, as p-value = 0.92 ˃ 0.05. 

The β value suggests that the effect of lean on lead time is not significantly different from 0. 

There is a positive relationship between lean and lead time. The application of lean heralds 

the reduction of lead times as observed by McAleer and Humphreys, (1997), de Treville et 

al., (2004), Sharma et al., (2015) and McLean, (2017). 

Environmental waste reduction is positively associated with the adoption of lean practices 

(H1c): Similarly, the estimated coefficient of β=7.22 (t=4.53, p ˃0.05) for the relationship 
between lean and environmental waste reduction is significant, indicating support for H1c. 

The support for the positive relationship between lean and environmental waste reduction is 

highlighted through the similarities between lean and green. Both paradigms share a common 

objective-waste elimination, though waste is defined differently by both paradigms and their 

waste reduction objectives also differ, they target the same type of wastes. For example, by

products produced as a result of production activity or scrap is waste according to both lean 

and green (Dues et al., 2012). Scrap which would otherwise go to the landfill is, in fact, 

environmental waste. Hence the adoption of lean is expected to reduce environmental waste. 

Expanding lean theory to consider environmental wastes may lead to the discovery of new 

uses for lean practices and tools (Hallam and Contreras, 2016). 

Agile practices on cost reduction (H1d): According to (Ravet, 2011), the cost of agility may 

be associated with actions and outcomes such as buying flexible machines, efficient 

information systems for real-time capture/sharing of information, improving capacity to 

tackle sudden demand changes (demand flexibility), extra employees to properly manage 

increased production volumes and reduced time of production, the development of capacity 

for quicker production in terms of larger fleet and the upgrade of technology. 

The estimated coefficient of β=1.19 (t=1.81, p ˃0.05) for the relationship between the 

adoption of agile practices and cost reduction is significant, indicating support for H1d. This 

finding is consistent with Sharp et al. (1999) and Lacerda and Furtado, (2018) and Saeed et 

al., (2019)’s findings that agile approaches to manufacturing helps companies and institutions 

reduce costs, achieve greater engineering discipline. The adoption of agile manufacturing 

practices means facing the reality that customers must be served with small quantities of 



 

 

    

 

 

  

   

   

  

 

  

 

   

   

    

  

 

  

     

     

  

      

  

    

 

 

  

  

  

  

  

 

   

  

    

  

    

 

 

  

    

   

 

bespoke products of impeccable quality, delivered on-time, and at very low cost (Sharp et al., 

1999). 

Agile practices on lead time reduction (H1e): The estimated coefficient of β=4.36 (t=5.26, p 

˃ 0.05) for the relationship between agile practices and lead time reduction is significant 

indicating support for H1e. An agile enterprise is characterised as a fast and efficient learning 

organisation. Aitken et al. (2002) believe that the ability to enhance cooperation among staff 

members and exploit the tacit knowledge of employees in an enterprise would increase 

intellectual capacity and support the compression of lead times. 

Agile practices on environmental waste reduction (H1f): The estimated coefficient of β=5.82 

(t=6.69, p ˂ 0.05) for the relationship between agile practices and waste reduction is not 

significant. The p-value of 0.001 indicates that H1f is not supported. Hence adopting agile 

practices for environmental waste reduction would be less than appropriate. 

Cost reduction is positively associated with the adoption of green practices (H1g): The 

estimated coefficient of β=3.40 (t=3.92, p ˃0.05) supports H1f that the adoption of green 

practises has a positive influence on cost reduction. This is consistent with earlier literature 

((Koechlin and Müller, 1992); Fischer et al. 2016). The adoption of green practices may lead 

to a reduction in costs which benefits customers in the form of reduced product costs. For 

example, by consuming and disposing of less material, the need/cost of handling, treating and 

disposing of environmental waste is reduced. The waste reduction could take but is not 

limited to the following forms: 

 Buying durable long-lasting materials 

 Using products free of hazardous materials 

 Using less packaging 

 Implementing in-process recycling 

 Water/energy conservation 

Lead time reduction is positively associated with the adoption of green practices (Hih): The 

estimated coefficient of β=2.14 (t=2.39, p˂0.05) for the relationship between green practices 

adoption and lead time reduction is not significant. The p-value of 0.004 indicates that H1h is 

not supported. Hence adopting green practices for lead time reduction may be 

counterproductive. The main focus of green according to Rehman and Shrivastava (2012) is 

to reduce environmental waste and pollution, lower the amount of waste that goes to landfill 

and so on. 

Environmental waste reduction is positively associated with the adoption of green (H1i): The 

estimated coefficient of β=3.24 (t=3.18, p>0.05) is significant, indicating support for H1i that 

the adoption of green practises has a positive effect on environmental waste reduction. This is 

consistent with earlier literature (Rehman and Shrivastava, 2012; Yacob et al., 2018). 



 

 

    

   

   

  

  

  

     

      

  

 

 

 

  

 

 

 

      

      

      

      

      

      

 

   

         

   

   

     

   

 

 

  

  

  

 

 

     

      

      

      

 

 

  

    

    

     

   

Competitiveness with lean adoption in PLC stages (H2a, H2b, H2c and H2d): The hypotheses 

for lean adoption in PLC stages are tested in the same fashion as the previous hypotheses, 

which is that the true but unknown slope of the relationship between lean and PLC stages 

equals 0, the null hypothesis H0 : β = 0. As a natural extension, the alternative hypothesis is 

Ha : β  0. For H2a, the estimated coefficient β=-0.14 (The test statistic t: ( 1̂ -0)/SE( 1̂ ) = (-

0.13608-0)/ 0.05029= -2.71, p ˂0.05) indicates that there is not enough evidence to conclude 

that the effect of lean on competitiveness in the introduction stage is significantly different 

from 0. Therefore, H0 is rejected, implying that lean adoption does support competitiveness in 

the introduction stage of the PLC. 

Table 2 Hypothesis test results for lean adoption in PLC stages 

Parameter Estimates 

Variable DF 

Parameter 

Estimate 

Standard 

Error t Value Pr > |t| 

Intercept 1 8.60967 4.19205 2.05 0.0741 

Introduction 1 -0.13608 0.05029 -2.71 0.0268 

Growth 1 -0.02008 0.04207 -0.48 0.6459 

Maturity 1 -0.05572 0.04319 -1.29 0.2330 

Decline 1 -0.03998 0.04650 -0.86 0.4150 

However, the estimated coefficients for the H2b, H2c and H2d and their corresponding p-

values (p ˃ 0.05) as shown in table 2 indicate that they are all supported. Hence, lean 

adoption supports competitiveness in the growth, maturity and decline stages of the PLC. The 

tests of hypotheses indicate different outcomes for lean at the different PLC stages. However, 

the omnibus F-test shown in table 3 indicates that, overall, PLC stages have a significant 

effect on lean practices (p-value < 0.0001). 

Table 3 ANOVA for lean adoption in PLC stages 

Analysis of Variance 

Source DF 

Sum of 

Squares 

Mean 

Square F Value Pr > F 

Model 3 26.10581 6.52645 46.41 <.0001 

Error 8 1.12496 0.14062 

Corrected Total 12 27.23077 

5. Discussion and Conclusion 

Rapidly growing competition and changes in customer needs place an immense pressure on 

the FMCG industry to develop business competitiveness and stay ahead of the game in the 

global market. LAG practices are believed to be major contributors to gain competitive 

business practices and their successful adoption is a key element leading to competitive 



 

 

   

     

   

 

      

    

         

     

 

  

 

    

    

  

    

 

 

 

  

     

    

     

   

      

   

   

 

  

 

   

   

 

 

   

        

  

  

  

 

  

  

       

   

advantage. The importance of developing competitive advantage cannot be overstated. It is 

believed that achieving a high competitive advantage positively affects financial performance 

and improves firm value (Wijayanto et al., 2019). 

This study has evaluated the impact of LAG practices on performance indicators of cost, lead 

time and environmental waste by using a structural equation modelling approach. For this 

purpose, 13 hypotheses were developed and a structural model was developed to analyse the 

effect of LAG on cost reduction, lead time improvement and environmental waste reduction. 

Results of the structural equation modelling analysis showed that the overall model fit the 

data well and specifically support all except one of the study hypotheses. 

Appropriate adoption of lean practices within the FMCG sector has led to improved 

competitiveness as indicated through the hypotheses on lean adoption. The adoption of lean 

heralds the reduction of lead times, costs and environmental wastes. This particularly 

supports the theoretical literature purporting that lean adoption is associated with 

improvements in operational performance measures, labour productivity, reduction in cycle 

time, manufacturing costs and customer lead time. 

The hypotheses on agile practices adoption are supported for cost reduction and lead time 

reduction but not for environmental waste reduction. The lack of support might stem from the 

main focus of agility, which is on cost-effective and rapid satisfaction of customer demand. 

This means that the delivery of products to customers might involve the use methods that 

don’t encourage environmental responsibility. For example, the use of some of the fastest 

means of transport such as air crafts which increases the carbon footprints. Therefore, from 

an organisational and production perspective, agile practices’ best outcomes could be 

achieved when implemented as part of a broader competitive and operational strategy. 

On green adoption, the hypotheses are supported except for the adoption of green for lead 

time reduction. However, green must not be seen as completely antithetical to lead time 

reduction as Fischer et al. (2016) believes that green adoption has a positive effect on lead 

time. It is worth mentioning that green strategies, in general, are capable of employing low 

cost or hybrid approaches to creating a competitive advantage (Walsh and Dodds, 2017). 

The hypotheses for PLC stages showed mixed but inconclusive results as the test was only 

conducted on lean adoption in the four PLC stages. However, this result is not surprising as 

products have different market characteristics while they go through their PLC stages and 

therefore would require different strategies to deal with/manage such products in specific 

PLC stages. Sometimes such strategies may be lean, agile, green or some combination of the 

three. 

5.1 Managerial and Theoretical Implications 

This research provides a comprehensive and enhanced understanding, for the organisations 

and their respective managers, of the effect of LAG practices on performance parameters 

cost, lead time and environmental waste. The study can be adapted by managers to analyse 



 

 

  

  

   

 

 

 

    

   

   

   

   

      

  

 

 

 

 

  

    

    

    

   

   

   

   

    

  

 

 

     

  

  

     

     

  

  

 

  

   

  

 

  

  

their business practices while adopting Lean, Agile, and Green practices either as stand-alone 

or collectively, depending on what practices they currently have adopted. At the same time 

utilising the analytical aspects of the study would better equip the managers to gain in-depth 

insights that will help them make more informed and effective decisions while formulating 

their strategy to be more competitive. 

Regarding the theoretical value, this study complements earlier research performed in this 

area by considering the stages of PLC in analysing the influence of LAG on performance 

parameters. Previous research such as those of Espadinha-Cruz et al. (2011) and Hasanian 

and Hojjati (2016) considered the exploration of LAG without the inclusion of PLC stages. 

Although they had gone further by considering the “resilient” paradigm, however, the 

inclusion of PLC was ignored which the authors believe are important factors to incorporate. 

By considering the PLC stages – Introduction, Growth, Maturity and Decline, this research 

provides knowledge which was previously scantily explored or unavailable for the most part. 

This research also encourages managers to develop a portfolio of what management strategies 

are suitable and under what circumstances. 

5.2 Limitations and Future Research Directions 

While the objectives of this research were successfully accomplished, it is not free of 

limitations like other researches of similar nature. There is potentially the possibility of 

regional bias as this research mainly focused on respondents from small to large scale FMCG 

industries who may not be actively engaged within the FMCG industry. The generalisations 

made in this research are based on the professional experience of such respondents as much 

as they can recall. Therefore, there may be a risk of error in the information provided and 

consequently the generalisations made. Future research can overcome this limitation and 

further validate this study by including large and diverse sample size. This would reduce the 

probability of the margin of error and make the results and their generalisations more 

accurate. 

Common method biases occur when there are variations in responses caused by the survey 

instrument, which in this case is the questionnaire survey, rather than the actual proclivities of 

the respondents. It is possible for this kind of bias to occur in any given research, this 

research not being an exception. Maximum effort has been made to avoid such bias. It is 

recommended that careful evaluation of the conditions under which the data are obtained, to 

be made in order to assess the extent to which common method bias may be a problem. This 

can be accomplished by implementing statistical control methods. 

Since the scope of this research was kept limited to evaluate the impact of Lean, Agile and 

Green practices only. However, the resilience factor has a strong impact on the 

competitiveness of the businesses. Future research is encouraged to incorporate the reliance 

aspect along with Lean, Agile and Green. Moreover, the developed hypothesis only included 

lean adoption aspect on PLC and not the Agile and Green adoption. Further research is highly 

encouraged to further expand the scope of this research. 
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