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EFFECT OF LEAN PRACTICES ON THE 

OPERATIONAL AND ENVIRONMENTAL 

PERFORMANCE OF PORTUGUESE 

ORGANIZATIONS 

 
Abstract: The main objective of this study is to investigate the 

effect of Lean practices on the operational and environmental 

performance of Portuguese organisations.  

The study reviewed 70 papers and conducted an online survey 

of Portuguese industrial professionals, yielding 109 responses, 

with 72 confirming Lean tool adoption. Results, analysed using 

descriptive statistics and non-parametric tests via Excel and 

SPSS v.25, explored Lean practices' impact on operational and 

environmental performance. 

The study found that Portuguese companies primarily use Lean 

tools like 5S, visual management, Kaizen, Kanban, VSM, 

SMED, and Poka-Yoke to improve operational and 

environmental performance. Respondents highlighted 

synergies between Lean and Green approaches. Longer Lean 

tool implementation correlated with more significant 

improvements in customer satisfaction, delivery times, 

flexibility, waste reduction, and environmental impacts, 

reflecting a learning curve. 

Keywords: Lean Manufacturing; Green Manufacturing; 

Lean tools; Operational performance; Environmental 

performance. 

 

 

1. Introduction  
 

Lean manufacturing, introduced through the 

Toyota Production System (TPS) post-World 

War II, focuses on waste reduction ("Muda") 

and achieving operational improvements with 

minimal resources (Womack et al., 1990; 

Herron & Hicks, 2008). It has been widely 

adopted across industries due to its positive 

impact on inventory reduction, lead times, 

productivity, and quality (Abdul Wahab et al., 

2013; Garza-Reyes, 2015a; Lacerda et al., 

2025). Lean is driven by five key principles: 

specifying product value, identifying value 

streams, ensuring value flow, allowing 

customer pull, and pursuing perfection 

(Womack & Jones, 1996). Additionally, lean 

practices enhance economic and operational 

performance, including customer satisfaction 

and efficiency (Henao et al., 2019; Talapatra 

et al., 2022; Azzolini Junior et al., 2025; 

Cimini et al., 2025), and promote 

environmental performance by reducing 

waste, lead times, and CO2 emissions (Garza-

Reyes et al., 2016). 

The shift toward sustainability in business 

operations is increasingly important. 

Companies must integrate sustainability into 

their strategies to remain competitive, 

addressing both current and future 

stakeholder needs. Sustainable practices 

include circular economy models (Fonseca et 
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al., 2018) and Eco-Innovation (Peralta et al., 

2019; Murmura et al., 2021). Lean principles 

align with green management by focusing on 

reducing resource consumption, pollution and 

emissions, while maintaining efficiency 

(Verrier et al., 2014). Green manufacturing 

complements Lean by minimizing 

environmental impacts during manufacturing 

without sacrificing competitiveness 

(Azevedo et al., 2019;  da Silva & Gouveia, 

2020). 

Combining lean and green management 

practices offers mutual benefits, enhancing 

both operational efficiency and 

environmental performance. This approach, 

also known as Lean and Green, enables 

businesses to reduce waste, cut costs, and 

improve sustainability (Hines & Rich, 2004; 

Inman & Green, 2018). Combining lean and 

green practices positively impacts sustainable 

development and competitive advantage, 

particularly in Portuguese organisations. 

Similarly, Silva and Gomes (2025) identified 

high environmental performance linked to 

specific lean-green configurations in 

Portuguese firms. 

In Portugal, lean and quality tools such as 

checklists and the PDCA cycle are commonly 

used (Fonseca et al., 2015). Research has 

emphasized the integration of lean with 

sustainability approaches (Prakash et al., 

2022) and integrating lean with 

environmental initiatives remains a 

prominent research theme (Patel & Patel, 

2021). The Resource-Based View (RBV) 

theory supports this integration, as it focuses 

on creating unique, valuable, and inimitable 

resources to enhance performance (Barney, 

1991; Barney, 2001). Additionally, 

Institutional Theory explains the spread of 

green lean adoption, where organizations 

mimic successful peers to gain legitimacy 

(DiMaggio & Powell, 2000; Meyer & Rowan, 

1977). 

Theoretical support contributes to explaining 

the nature of relationships between 

phenomena based on a systemised structure 

and contributes to generalising the research 

findings (Kenworthy & Verbeke, 2015). 

From a theoretical point of view, the 

Resource-Based View (RBV) theory 

(Barney, 1991; Barney, 2001) can support 

Green Lean, as its application can generate 

valuable, rare, inimitable, and non-

substitutable resources that explain and 

ensure the availability of internal capabilities 

that can successfully improve performance 

and support the integration with stakeholders 

(a unique resource) in response to their 

demands. The RBV theory suggests that an 

organisation’s resources are essential to 

superior firm performance, competitive 

advantage, and strategic success by 

developing dynamic capabilities and 

ultimately achieving superior performance. 

Further, Institutional Theory Adoption, which 

denotes adopting models from successful 

organisations, can also explain the spread of 

green lean. Hence, organisations converge 

and become similar because of societal 

influence and the search for organisational 

legitimacy (DiMaggio & Powell, 2000; 

Meyer & Rowan, 1977). Therefore, 

companies are more likely to implement 

green lean if successful companies in their 

activity sector or geographical area have done 

so (Rankin & Matthews, 2020). 

Although most literature confirms a positive 

relationship between lean and environmental 

performance (Dieste et al., 2019), challenges 

remain, particularly in areas where lean and 

green practices are less compatible 

(Abualfaraa et al., 2020; Carvalho et al., 

2011). 

In Portuguese industry, engineering is more 

about production processes than product 

design. However, we know that what brings 

wealth to countries is product engineering, 

more than process engineering. The European 

Commission (2023) acknowledges the need 

for Portuguese industry to enhance 

productivity, innovation, and digitalization 

while transitioning to greener practices.  

Given these challenges, this study 

investigates the effect of Lean practices on 

Portuguese organizations’ operational and 
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environmental performance, addressing the 

following research questions: (1) What are 

the most used Lean tools? (2) What are the 

perceived benefits of Lean tools on 

operational performance? (3) What are the 

perceived benefits of Lean tools on 

environmental performance? (4) Do the 

operational and environmental benefits of 

Lean improve over time? This manuscript 

explores these questions in the following 

sections: literature review, methodology, 

results, discussion, and conclusions. 

 

 

 

2. Literature review 
 

The research was conducted using the 

literature review method to reflect the state of 

knowledge in a given subject based on 

methodical behavior promoted by Tranfield 

et al. (2003). A literature review supports 

identifying the field's conceptual content and 

contributes to theory development, providing 

a critical overview and revealing gaps and 

inconsistencies in existing studies (Garza-

Reyes, 2015b). The actions performed in this 

research followed the PRISMA guidelines 

(Moher et al., 2009), as presented in Figure 1.

 
Figure 1. Literature Review Flowchart (adapted from PRISMA) 

 

In the first phase of the review process, 

potential papers were identified using the 

keyword "Lean Green" across the Web of 

Science (WoS) database, covering 

publications from 1900 to June 2021. WoS 

includes over 21,100 peer-reviewed journals, 

ensuring reliable and valid results. From the 

initial search, 94 publications were selected. 

After screening, 10 papers were excluded due 

to inaccessible full texts, and 14 were 

removed due to theme incompatibility. In 

cases of ambiguity, two authors reached a 

consensus on inclusion or exclusion 

decisions. The selected papers were 

catalogued in an Excel database, recording 

details such as the journal name, publication 

year, research objectives, main contributions, 

and limitations. The publications were then 

categorized into three groups: "Lean", 

"Green", and "Lean Green". The results 

showed that "Lean Green" attracted the most 

attention, with 57 publications (81%), 

followed by 8 papers (12%) on Green 

Manufacturing and 5 (7%) on Lean 

Manufacturing.  

The Lean Green approach gained significant 

traction starting in 2013. Among the 33 

journals publishing these papers, the Journal 

of Cleaner Production was the most 
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prominent, contributing 17 of the 57 articles. 

Other notable journals included Sustainability 

(3 articles), Business Strategy and the 

Environment (3 articles), and others like the 

International Journal of Productivity and 

Performance Management (2 articles) and 

Production Planning & Control (2 articles). 

The following lean tools were identified as 

the most frequently adopted (RQ1), 

contributing to more efficient, standardised, 

and waste-free processes in manufacturing 

and other industries: 

• 5Ss: The 5S methodology is a systematic 

approach to workplace organisation that 

improves safety, ergonomics, and efficiency. 

It involves five key principles: Seiri (sort, 

classify), Seiton (straighten, set in order), 

Seiso (sweep, clean, check), Seiketsu 

(standardise, stabilise), and Shitsuke (sustain, 

self-discipline) (Peterson & Smith, 1998). 

• Heijunka: This method focuses on 

production levelling, preventing workload 

fluctuations. Balancing production 

sequences, Heijunka enhances productivity, 

flexibility, and waste reduction (Hüttmeir et 

al., 2009). 

• Jidoka: Jidoka, also known as "quality at 

the source" or "built-in quality," Jidoka 

ensures defects are detected and addressed 

immediately, improving overall quality in 

manufacturing (Monden, 1995). 

• Kanban: The Kanban system facilitates 

material replenishment only when necessary, 

using signals (often cards) to manage 

inventory efficiently (Oliveira et al., 2017). 

• Kaizen Events: Kaizen promotes 

continuous improvement by eliminating 

waste. Through data collection and analysis, 

multidisciplinary teams identify and address 

the root causes of inefficiencies, improving 

processes, employee engagement, and 

sustainability (Cherrafi et al., 2019). 

• Poka-Yoke: This is a mistake-proofing 

tool designed to prevent defects by 

eliminating the causes of errors before they 

occur (Iranmanesh et al., 2019). 

 

• SMED: Single-minute exchange of Die 

(SMED) is a methodology for rapid 

changeovers in manufacturing, reducing 

downtime, improving flow, and minimising 

resource consumption (Ohno, 1988). 

• Standard Work: This tool standardises 

work procedures to reduce variability and 

complexity, minimising defects and rework 

(Ohno, 1988). 

• Visual Management: A system of visual 

indicators that simplifies communication on 

the shop floor, helping supervisors track 

processes, organise workspaces, and enhance 

efficiency. It is closely related to the 5S 

methodology (Fonseca & Domingues, 2018). 

Concerning the perceived benefits of the 

applied lean tools in operational performance 

(RQ2) and environmental performance 

(RQ3), most scholars identified the benefits 

of applying lean tools in both operational and 

environmental performance. Key findings 

from various studies are as follows: 

• Lean tools contribute to reducing air and 

water pollutants while improving the efficient 

use of materials, energy, and water (Afum et 

al., 2021). 

• Lean and green practices can 

complement each other, reducing waste, 

material and energy consumption and 

improving supply chain management. 

However, research on sustainability and lean 

management often lacks a comprehensive 

understanding of the three sustainability 

dimensions (Abualfaraa et al., 2020). 

• A case study on an SME implementing 

lean practices such as 5S, Kanban, SMED, 

and quality control showed significant 

environmental benefits. These practices led to 

more efficient use of resources like water, 

energy, and raw materials (Belhadi et al., 

2018). 

• Lean practices applied during the 

construction phase positively impact 

sustainability by improving productivity and 

reducing waste, costs, and time (Carvajal-

Arango et al., 2019). 
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• A matrix analysis linking lean practices 

to environmental performance identified Just-

in-Time (JIT) and Total Quality Management 

(TQM) as the most widely used tools to 

improve environmental measures (Dieste et 

al., 2019). 

• The adoption of lean and green practices 

has positive effects on all performance 

dimensions. 

• Total Productive Maintenance (TPM) 

and JIT have the most significant impact on 

environmental performance. Additionally, a 

Kaizen culture helps reduce material 

consumption and emissions of polluting gases 

(Garza-Reyes et al., 2018). 

• A study of 182 North American 

companies found that integrating lean and 

green practices improves operational 

performance and significantly enhances 

environmental performance (Inman & Green, 

2018). 

• A Brazilian case study demonstrated that 

combining lean and green led to a 70% 

reduction in setup times (via SMED), an 81% 

decrease in carbon footprint, and a 3% 

improvement in eco-efficiency (Leme et al., 

2018). 

• Lean practices help eliminate non-value-

adding activities (such as excessive resource 

use and inventory), while green practices 

focus on minimising the environmental 

impact of production (Mollenkopf et al., 

2010). 

• In a metal parts manufacturing company, 

integrating lean and green led to a 64.7% 

reduction in lead time, a 36.3% improvement 

in carbon efficiency, and a 29.9% decrease in 

carbon footprint (Ng et al., 2015). 

• A lean-green model showed that 

adopting Kaizen could reduce resource use by 

30–50% and decrease total costs by 5–10% in 

terms of mass and energy flow (Pampanelli et 

al., 2014). 

• Lean tools enhance productivity, reduce 

variability, accelerate production cycles, and 

simplify processes, leading to a better 

working environment and fewer customer 

complaints (Qin & Liu, 2022). 

• A case study in a Portuguese company 

showed that implementing Kaizen, Value 

Stream Mapping (VSM), Jidoka, and TPM 

increased production efficiency. Specifically, 

cycle times were reduced by 33%, energy 

consumption by 38%, and scrap by 66%, 

demonstrating that lean tools boost profits 

while supporting environmental 

sustainability (da Silva et al., 2020). 

• A systematic literature review confirmed 

that lean-green practices positively impact 

economic and environmental sustainability, 

reinforcing their effectiveness in improving 

sustainability outcomes. 

• Research on the role of lean tools in 

achieving sustainability remains scarce, 

indicating the need for further studies (Yusup 

et al., 2015). 

While the evidence suggests that lean tools 

can significantly improve operational 

efficiency and environmental performance, 

supporting sustainability initiatives across 

various industries, it's important to note that 

some researchers claim that lean and green 

practices are not always compatible and 

feasible. There are some areas where 

combining them can be particularly difficult 

(Abualfaraa et al., 2020), e.g., small-batch 

production to meet customer demands 

increases transport and packaging, resulting 

in higher emissions and more waste.  

Successfully combining lean and green 

requires adapting a company's operations and 

engaging suppliers, which may require 

significant investments. Despite the 

numerous benefits of integrating lean and 

green practices, academic literature identifies 

several challenges hindering their 

implementation. Key obstacles identified in 

the literature include: 

• Emphasising small batch production to 

meet customer demands increases 

transportation and packaging use. This results 

in more frequent replenishment, leading to 

higher emissions of polluting gases and 

increased packaging waste (Abualfaraa et al., 

2020). 
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• Achieving positive results from lean and 

green integration often requires companies to 

tailor their operational profiles and actively 

involve suppliers, which can be complex and 

resource intensive (Galeazzo et al., 2014). 

• Some lean and green practices are not 

fully compatible and treating them as a fully 

integrated approach has limitations. Certain 

operational areas may not allow for their 

seamless combination (Garza-Reyes, 2015b). 

• Lean management is negatively 

associated with reducing atmospheric 

emissions of volatile organic compounds. 

While lean practices improve the efficient use 

of cleaning paints and solvents, they may not 

be sufficient to meet environmental 

regulations (Rothenberg et al., 2001). 

• Implementing a combined lean and green 

approach often requires significant financial 

investment, making it less feasible for 

companies with resource constraints (Ng et 

al., 2015). 

These challenges highlight the need for 

careful planning, customisation, and 

investment to successfully integrate lean and 

green practices without compromising 

sustainability goals. Through the analysis of 

the publications and in conclusion, although 

many authors posit the existence of a positive 

relationship between lean and green practices, 

this view still needs to be consensual in the 

literature. Hence, it is pertinent to deepen the 

investigation in this area. Moreover, studies 

focusing on the effect of Lean practices on 

Portuguese organisations' operational and 

environmental performance are lacking in the 

literature. 

Authors such as Patel and Patel (2021) and 

Fonseca & Domingues (2018) have 

emphasised the relevance of management 

support and education and training as critical 

success factors for Lean, Six Sigma, Kaizen, 

and Lean Six Sigma implementation. Their 

work suggests that the longer lean tools are 

implemented, the more significant the 

operational and environmental benefits 

should become (RQ4), and organisations do 

not need to implement a wide range of lean 

practices in an initial stage but rather make it 

sustained. Moreover, it is crucial to consider 

factors such as company location and profile 

of the company respondents in research, as 

these can significantly impact the utilisation 

of quality tools (Fonseca et al., 2015) and 

continuous improvement methodologies 

(Fonseca & Domingues, 2018) within 

Portuguese companies. 

Finally, to ensure the literature review is 

updated and no relevant works are missed, 

another literature review with the same 

keywords was applied for the period between 

2021 and 2024. This additional review 

identified additional works, such as Klein et 

al. (2022) study of lean management and 

sustainable practices in higher education 

institutions of Brazil and Portugal or Kosasih 

et al. (2023) address of integrated lean-green 

practices and supply chain sustainability 

within Indonesian manufacturing SMEs, that 

further indicate the existence of a positive 

relationship between lean and green practices, 

although research gaps remain. 

 

3. Methodology 
 

An online survey was developed based on a 

bibliographic review to assess the impact of 

Lean tools on Portuguese organisations' 

environmental and operational performance.  

The survey methodology enables 

standardised and efficient data collection 

from numerous respondents. The survey was 

created using Google Forms and distributed 

to ISO 14001-certified companies from the 

Portuguese National Accreditation Body 

(IPAC) and professionals on LinkedIn with 

relevant knowledge. Other researchers, such 

as Antony et al. (2023), have used LinkedIn 

for professional contacts as an updated source 

of professional networking.  

The survey included four key sections: 

respondent characteristics (e.g., function, 

qualifications), organisation characteristics 

(e.g., location, industry sector), Lean tool 

adoption (e.g., Lean tools implemented, 

operational impact), and the environmental 
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impact of Lean tools. The impact of Lean on 

environmental performance was assessed 

using a 1-5 Likert scale. Likert-type scales are 

frequently used in research, and scales using 

5 or 7 scale points are the most common 

(Hartley, 2013). The content validity was 

checked through a pretest by Lean and Green 

experts. The survey ran from September to 

December 2020, with a total of 685 

questionnaires sent—171 to companies and 

514 to LinkedIn contacts. The final response 

rate was 16% (similar to that of Fonseca & 

Domingues (2018)), resulting in 109 valid 

responses, consistent with other studies 

involving Portuguese companies. A wave 

analysis (Armstrong & Overton, 1977) 

confirmed that early and late respondents had 

similar demographic variables, minimising 

non-response bias. Statistical analysis was 

performed using IBM SPSS v. 25 to ensure 

rigorous and reliable results, and the survey 

distribution aligned well with the population's 

demographic profile. 

 

4. Results 
 

Of the 109 valid survey responses, 72 (66%) 

confirmed the adoption of Lean tools, and 

these 72 respondents were selected for further 

statistical analysis. According to Hair et al. 

(2010), evaluating the quality of the collected 

data is essential. Cronbach's Alpha was used 

to assess the reliability of the survey scales, 

with values above 0.7 indicating reliability 

(Cronbach, 1951; Saunders et al., 2019). 

The operational performance scale showed an 

alpha of 0.945, and the environmental 

performance scale had an alpha of 0.920, 

confirming high internal consistency and the 

reliability of the data. The respondents' roles 

varied, with 40.3% holding positions as 

directors or continuous improvement leaders 

and 18.1% as directors or quality officers. 

Most respondents (34.7%) had 1-3 years in 

their current positions, and 72.2% held higher 

education qualifications. The respondents 

were primarily from the North (43.1%), 

Centro (34.7%), and Lisbon metropolitan 

areas (19.4%), with the automotive industry 

(31.9%) being the most represented sector, 

followed by other industries (27.8%) and 

metalworking (18.1%). 

Most organizations (69.4%) had been 

operating for over 15 years. Regarding Lean 

tools, the 5S methodology was most 

implemented (90.3%), followed by visual 

management (81.9%). Other tools, such as 

kaizen, kanban, and VSM, had 

implementation rates above 50%, while tools 

like jidoka and heijunka were used by less 

than 20% of respondents. Most companies 

(59.7%) introduced Lean practices 1-5 years 

ago, with 23.6% implementing them 6-10 

years ago. 

Regarding the impact of Lean tools on 

operational performance (Table 1), 

respondents generally agreed on the positive 

effects, with "improved productivity" being 

the most significant benefit (average score of 

4.0) and "improved product quality" the least 

significant (average score of 3.6). Overall, 

Lean tools were perceived to positively 

impact operational performance across the 

surveyed companies. 

Participants demonstrated their 

understanding of Lean Green, a key aspect of 

the study. The majority (80.6%) perceive 

their companies as environmentally friendly, 

52.8% revealed a good grasp of Lean Green, 

while the remaining 47.2% showed a lack of 

knowledge. 

The effects of implementing lean tools on the 

environmental performance of organizations 

were evaluated with a 1 to 5 Likert scale to 

assess the participants' agreement on a series 

of possible environmental improvements 

found in the literature, which may occur with 

the application of lean practices. The average 

level of agreement obtained concerning the 

statements is approximately 3 (neither agree 

nor disagree), which reveals that the 

participants need more knowledge regarding 

this issue. 
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Table 1 Impact of lean tools on the operational performance 
The implementation of lean tools … Mean Standard deviation Minimum Maximum 

Improved productivity 4.0 0.9 1 5 

Improved resource efficiency 3.9 0.8 2 5 

Improved capacity utilization 3.9 1.0 1 5 

Reduced cycle time 3.9 0.9 1 5 

Improved the organization image 3.8 1.0 1 5 

Reduced costs 3.8 1.0 1 5 

Improved delivery time 3.8 1.0 2 5 

Improved customer satisfaction 3.7 0.9 2 5 

Improved flexibility 3.7 1.0 1 5 

Reduced the number of defective products 3.7 1.0 1 5 

Reduced stocks 3.7 1.1 1 5 

Improved product quality 3.6 1.0 1 5 

(1= totally disagree … 5=totally agree) 

 

In Table 2, it is observed that the most 

significant environmental benefits were 

"allowed to reduce energy consumption" and 

"allowed to reduce the consumption of 

materials", with an average value of 3.7, with 

the characteristic "allowed to reduce gas 

emissions" which generated less agreement 

among the participants, with an average value 

equal to 3. 

To assess RQ4 (Do the operational and 

environmental benefits of applying Lean 

tools improve with time?), we evaluated the 

necessary criteria for parametric tests with the 

Kolmogorov-Smirnov normality test (whose 

null hypothesis is that the data are normally 

distributed). However, as the p-value result 

was lower than 0.05 for the variables under 

study, the null hypothesis was rejected, and it 

was assumed that the sample data did not 

follow a normal distribution. Therefore, 

nonparametric tests were performed.
 

Table 2. Impact of lean tools on the environmental performance 
The implementation of lean tools allowed for 

reduction of … 

Mean Standard 

deviation 

Minimum Maximum 

Energy consumption  3.7 1.0 1 5 

Materials consumption 3.7 0.9 1 5 

Water consumption 3,5 1.0 1 5 

Solid waste generation  3,4 0.9 1 5 

Package utilisation 3.4 0.9 1 5 

Frequency of environmental accidents 3.3 0.9 1 5 

Consumption of hazard materials 3.2 1.0 1 5 

Production of effluents  3.1 1.0 1 5 

Gases emissions 3.0 0.9 1 5 

(1= totally disagree … 5=totally agree) 

 

Thus, to correlate the variables under study, 

we used the Spearman correlation coefficient 

(r), which is a measure of nonparametric 

association between two ordinal variables and 

can assume any value between +1 and -1 

(Table 3) and a value of +1 represents a 

perfect positive correlation, which means that 

the two variables are strongly related and that,  

as the values of one variable increase, the 

values of the other variable also increase. In 

contrast, a value of -1 represents a perfect 

negative correlation, suggesting a strong 

association between variables. That is, while 

the values of one variable increase, those of 



International Journal for Quality Research, 20(2), 389–406, 2026, doi: 10.24874/IJQR20.02-05 

 

 

 

397 

the other decrease. Finally, a value of 0 means 

that the variables are perfectly independent 

(Saunders et al., 2019). 

 

Table 3.  Correlation coefficient (Spearman) 

interpretation (adapted from Saunders et al. 

2016) 

r (+ or -) Interpretation 

0,00 - 0,19  Without correlation  

0,20 - 0,34  Weak correlation  

0,35 - 0,59  Moderate correlation  

0,59 - 0,79  Strong Correlation  

0,80 – 1,00  Very strong correlation  

 

Hence, to explore the associations between 

the main variables of this study, it was 

decided to perform the following hypothesis 

tests: 

a) Educational qualifications of 

participants versus the impact of the lean 

tools on organisations' operational 

performance. 

b) Time of existence of organisations 

versus the impact of lean tools on 

organisations' operational performance.  

c) Time of introduction of the tools 

versus the impact of the lean tools on 

organisations' operational performance. 

d) Educational qualifications of 

participants versus the impact of lean 

tools on the environmental performance 

of organisations. 

e) Uptime of organisations versus the 

impact of lean tools on the environmental 

performance of organisations.  

f) Time of introduction of the tools 

versus the impact of the lean tools on the 

environmental performance of 

organisations. 

To this end, the following research 

hypotheses were formulated, similar for all 

tests: 

• Hypothesis H0 = The variables are 

independent. 

• Hypothesis H1 = The variables are not 

independent. That is, they present a 

degree of association with each other. 

It should be noted that the SPSS signals 

significant correlations, indicating a 

significance level of 0.05 with an asterisk (*) 

and a significance level of 0.01 with two 

asterisks (**). A correlation marked with an 

asterisk(s) indicates that H0 is rejected at the 

level of significance referred to, indicating 

that the correlation under study is significant, 

which allows verifying more quickly if there 

is an association. 

The results of hypothesis tests to identify 

potential associations between variables 

revealed statistically significant positive 

correlations between the time of the lean 

tools' introduction and the named impacts 

(hypotheses e and f). There is no evidence to 

reject the null hypothesis for the remaining 

hypotheses (a to d). 

Despite the differences between significance 

levels and correlation intensity, there is 

sufficient statistical evidence to reject the null 

hypothesis and state that the implementation 

time of Lean tools is positively correlated 

with the impacts identified: Operational 

performance (see Table 4), with customer 

satisfaction (r=0.416**), delivery times 

(r=0.244*) and flexibility (r=0.244*); and 

environmental performance (see Table 5), 

namely in the production of solid waste 

(r=0.336**), in the frequency of 

environmental accidents (r=0.310**), in gas 

emissions (r=0.301*), in the production of 

effluent waste (r=0.294*) and in the 

consumption of hazardous materials 

(r=0.291*). These variables tend to increase 

together (although the correlation is weak to 

moderate). That is, the longer the 

implementation time of the tools, the better 

the performance levels for the dimensions 

identified above. More specifically, 

companies that are more familiar with the 

lean methodology and with progressively 

improved practices tend to obtain better 

results than those that are at an early stage.
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Table 4. Correlation between the introduction of the tools versus the impact of the lean tools on 

the operational performance of organizations 
Item For how long your organisation have 

implemented lean tools 

Improved productivity 0.220 

Improved resource efficiency 0.132 

Improved capacity utilization 0.106 

Reduced cycle time 0.099 

Improved the organization image 0.078 

Reduced costs 0.210 

Improved delivery time 0.244** 

Improved customer satisfaction 0.416** 

Improved flexibility 0.244* 

Reduced the number of defective products 0.131 

Reduced stocks 0.203 

Improved product quality 0.187 

**Correlation is significative at 0.01 level (bilateral) 
*  Correlation is significative at 0.05 level (bilateral) 

 

Table 5. Correlation between the time of introduction of the tools and the degree of agreement 

with the impacts resulting from the implementation of lean tools on the environmental 

performance of organizations. 
Item For how long your organisation have 

implemented lean tools 

Energy consumption  0.192 

Materials consumption 0.205 

Water consumption 0.103 

Solid waste generation  0.336** 

Package utilisation 0,213 

Frequency of environmental accidents 0.310** 

Consumption of hazard materials 0.291* 

Production of effluents  0.103 

Gases emissions 0.301* 

**Correlation is significative at 0.01 level (bilateral) 

*  Correlation is significative at 0.05 level (bilateral) 

 

5. Discussion 

 
Most Portuguese companies (80%) report 

having implemented lean tools. The 5S 

methodology, a systematic approach to 

workplace organization, is the most adopted 

tool, implemented by 90.3% of companies. 

This is followed by visual management 

(81.9%), a tool that uses visual aids to 

communicate important information. Other 

tools, including Kaizen (continuous 

improvement), Kanban (visual scheduling 

system), Standard Work (documented best 

practices), VSM (Value Stream Mapping), 

SMED (Single-Minute Exchange of Die), and 

Poka-Yoke (error-proofing), also exhibit 

significant implementation, surpassing 50%. 

Regarding the lower adoption of tools such as 

Jidoka, Fonseca and Domingues (2018) 

researched the adoption of Kaizen, Lean and 

Six Sigma by Portuguese organisations with 

certified ISO 9001 Quality Management 

Systems. They found a mild use (and an 

increasing trend) of Kaizen, Lean and Six 

Sigma by those organisations, suggesting that 

the sampled companies prioritised 
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approaches such as the PDCA, control of 

defective products and corrective action for 

defect prevention and control. Considering 

that Jidoka is about detecting and addressing 

quality problems on the shop floor in real-

time, those companies may adopt the Jidoka 

principles without being familiar with the 

terminology. 

For RQ2 (What are the perceived benefits of 

the applied Lean tools in operational 

performance?), participants generally agreed 

(average score of 4) on the positive effects of 

lean tools. Regarding environmental 

performance (RQ3: What are the perceived 

benefits of Lean tools in environmental 

performance?), responses were less 

unanimous. Most items had a neutral average 

response, indicating some lack of awareness 

about the environmental impact of Lean. 

However, two key environmental impacts 

stood out, particularly reductions in energy 

consumption and material use, which were 

positively associated with Lean tool 

implementation, corroborating prior research 

(Fercoq et al., 2016; Garza-Reyes et al., 2018; 

Dieste et al., 2019). 

Spearman's correlation analysis revealed 

statistically significant positive correlations 

between the Lean tool implementation 

duration and operational and environmental 

benefits (RQ4: Do the operational and 

environmental benefits improve over time?). 

For operational performance, longer tool 

implementation was associated with 

improvements in customer satisfaction 

(r=.416**), delivery times (r=.244*), and 

flexibility (r=.244*). Environmental 

performance improvements were also linked 

to longer implementation times, particularly 

regarding solid waste production, 

environmental accidents, gas emissions, and 

the use of hazardous materials. 

This study underscores the synergy between 

Lean and Green methodologies, highlighting 

the importance of training and experience in 

Lean adoption. The findings suggest that 

longer implementation of Lean tools leads to 

improved operational and environmental 

outcomes, especially with tools like 5S and 

visual management. Additionally, the 

dynamic capabilities theory, an extension of 

the Resource-Based View (Teece et al., 

1997), supports the idea that organizations 

need dynamic capabilities for successful Lean 

tool implementation, fostering long-term 

competitiveness and continuous 

improvement. 

 

6. Conclusions 
 

This research is significant as it investigates 

the relationship between Lean practices and 

operational and environmental performance, 

focusing on the Portuguese industry. The 

study explores how Lean tools, particularly 

5S and visual management, can enhance both 

operational efficiency and environmental 

sustainability, providing valuable insights for 

local industries. The dual focus on 

operational and environmental performance 

is crucial in today's global push for 

sustainable industrial practices, and the study 

addresses a gap in the existing literature by 

examining the adoption of Lean practices in 

Portugal. The study finds that 5S is Portugal's 

most widely implemented Lean tool (90.3%), 

followed by visual management (81.9%). 

Additionally, the research highlights the 

potential for Lean tools to improve both 

operational and environmental outcomes, 

supporting the synergy between Lean and 

Green methodologies. This insight is 

important for companies seeking to enhance 

sustainability while maintaining or improving 

operational performance. Furthermore, the 

research acknowledges the learning curve 

associated with Lean tool adoption, 

suggesting that the benefits of Lean practices 

may increase over time with continued 

commitment and experience. The 

significance of these findings underscores the 

value of this research to academics, industry 

professionals, and policymakers interested in 

Lean practices and sustainability. 

While this investigation provides valuable 

insights, it is not without its limitations. The 

low response rate (15.9%) and small sample 

size (72 valid responses) may impact the 
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reliability of the findings. Moreover, the 

study's focus on the Portuguese context may 

limit the generalizability of the results to 

other regions or countries. However, these 

limitations also point to potential areas for 

future research. For instance, future studies 

could aim to increase the sample size, expand 

the study to other countries, and introduce 

new variables, such as company size, to 

explore their impact on operational and 

environmental performance. The rise of 

Industry 4.0 also presents new challenges, 

and future studies could investigate how 

digital transformation influences the 

application of Lean tools and their effects on 

performance. Another area for future research 

is the social dimension of sustainability, as 

existing studies have focused more on 

environmental sustainability. Portuguese 

SME companies could also consider applying 

large language models, such as ChatGPT, to 

assist them in developing and applying lean 

and sustainability roadmaps and 

methodologies to improve their operational 

and sustainability performance, engage 

stakeholders, and identify key sustainability 

goals, risks, opportunities, and Key Process 

Indicators (KPIs).These potential avenues for 

future research underscore the ongoing 

relevance and applicability of the current 

study's findings. 

This investigation has several practical and 

social implications that are important for all 

stakeholders to consider. It demonstrates that 

Lean tools significantly improve operational 

efficiency in customer satisfaction, delivery 

times, and flexibility, offering companies a 

competitive advantage. Lean practices also 

contribute to environmental sustainability by 

reducing energy consumption, waste, and 

emissions, which can help companies meet 

stricter regulations and sustainability goals. 

Socially, Lean can improve the Work 

Environment by enhancing workplace 

organization and safety, though improper 

implementation could lead to stress, which is 

highly relevant for Lean adoption with digital 

transformation (Eriksson et al., 2024). Lean's 

Community and Societal Impact includes 

contributing to global sustainability efforts 

through reduced waste and energy 

consumption. Moreover, Portuguese 

organisations can improve their proficiency 

in Lean tools such as Kaizen, Kanban, VSM, 

Jidoka, or Heinjuka and, in addition to 

Sustainability, connect Lean with Quality and 

Service. However, it is critical to ensure a 

sustained commitment to Lean 

implementation to significantly impact their 

organisation performance. Finally, Policy 

Implications suggest governments can 

promote Lean adoption by offering incentives 

and fostering collaborations between 

industries and academia to integrate Lean 

with social sustainability goals. These 

implications underscore the broader impact of 

lean practices, making all stakeholders more 

informed and aware of the potential benefits 

and challenges of Lean adoption. 
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