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Abstract: The article presents the results of the authors' research on the resilience of management 

concepts such as Lean Management, Agile, SixSigma to phenomena in the business environment. The 

crises of recent years - the Covid-19 pandemic, the increase in energy prices, the war in Ukraine - 

have posed great challenges for companies, including those that have applied management concepts 

such as Lean Management. Just-In-Time may involve more frequent deliveries, which has an impact 

on fuel consumption costs. On the other hand, however, improving processes by eliminating waste 

leads to a reduction in the consumption of production resources, including energy. The relationship 

is therefore not clear-cut. The authors used three research methods. Firstly, they analysed the 

literature - scientific publications, studies and expert reports. Secondly, they analysed the financial 

results from recent years of Polish companies, multinationals and companies that apply Lean 

Management, Agile and Six Sigma strategies and their combination. Thirdly, they surveyed 

companies that apply the Lean Management concept. The research sought to establish how crises, 

especially energy crises, have affected the effectiveness of companies using these management 

strategies and to determine whether the solutions used so far are sufficient or whether they need to 

be modified or new methods or tools need to be developed. The results of this research show that the 

crises of recent years, if they even caused a deterioration in the financial situation, were short-lived, 

as companies were able to adapt to the new conditions. The situation of companies that have 

implemented Lean is no better than that of other companies - it is not apparent that any of the 

management concepts studied help more in increasing process efficiency. The best results come from 

companies that combine different concepts (Lean, Agile, SixSigma), as well as digital technologies 

Industry 4.0). The crises, although they have forced companies to take certain measures (e.g. the use 

of renewable energy sources), have (contrary to predictions) not resulted in radical changes, i.e. 

moving from one concept to another or abandoning Just-In-Time. The issue of energy efficiency is 

gaining more and more attention in companies and is included in management concepts, e.g. Lean 

management. Lean management has a positive effect on energy efficiency (indirect effect) through 

the elimination of waste, but in order to effectively increase energy efficiency, solutions must be 

applied that are aimed directly at increasing energy efficiency. 

Keywords: impact of management concepts on energy efficiency; lean management; agile; SixSigma; 

LeanSixSigma; LeanAgile; COVID-19; increase in energy prices 

 

1. Introduction 

The management concepts of a company and its processes have a significant impact on the 

consumption of resources (materials, raw materials, energy, people, machinery, equipment, time, 

space), which in turn has an impact on the costs of the production and logistics processes 

implemented, and consequently on the financial performance of these companies. The 

implementation of management concepts such as Lean Management, Agile and SixSgima has a 
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significant impact on the efficiency of the core processes (production, services) and the processes 

supporting them. 

In recent years, companies have had to deal with various challenges: the economic crisis of 2007, 

the Covid-19 pandemic, rising energy prices, inflation. In addition, there are phenomena that are 

long-term trends and have a social character (ageing population, generation Z, technological 

advances), which also have an impact on process efficiency. 

Energy is one of the important resources in most production processes and value streams. 

Energy consumption costs account for a significant share of companies' total costs AND sales value. 

Energy wastage therefore increases the cost of doing business. The benefits of reducing energy 

consumption are not only lower costs for companies, but also a reduction in the negative impact on 

the environment. 

Applied process management methods such as Lean Management help to reduce the 

consumption of material resources. However, this must be viewed holistically in the context of the 

energy efficiency discussed here. Indeed, the consumption of these resources also has an indirect 

impact on energy consumption. The costs of waste and the benefits of ‘process leaning’ may be 

greater than they appear. 

Significant energy savings can also be achieved by eliminating production waste, unnecessary 

processing and transport. However, energy is also needed for basic processes, such as powering 

equipment, lighting and cooling, as well as for auxiliary processes, such as administrative processes.  

The impact of specific solutions is not clear-cut. In general, solutions aimed at eliminating waste 

and using production resources more efficiently undoubtedly also have a positive impact on energy 

efficiency. However, some solutions may result in a higher demand for energy, for example. 

Companies using the Just-In-Time system in logistics (procurement) may benefit financially, but 

increasing the frequency of transports may increase energy consumption and have a negative impact 

on the environment (increased number of transports, worse utilisation of transport capacity and 

mileage).  

By shortening the flow path of materials and components, the flow efficiency of production is 

increased, which undoubtedly promotes energy efficiency. However, the pandemic situation may 

have forced a move away from such solutions in this sphere as well, which may result in increased 

energy demand. Perhaps the best example of this is the “Cell Layout”, which was very popular in 

Lean organisations. The close location of the workers, however, created a risk during the pandemic 

period.  

Moreover, crisis situations may lead to even more radical solutions and, for example, to a move 

away from Lean Management to Agile. Such solutions have been advocated for many years (even 

before the pandemic) by the authors of various studies. 

2. Materials and Methods 

The authors conducted a literature analysis - academic publications, studies, expert reports, 

analysed financial results from recent years and surveyed companies that apply the Lean 

Management concept to determine whether these crises had an impact on their effectiveness and how 

companies responded to these crises. 

This raises a number of questions to which the authors of this article have tried to find answers: 

1. Have the crises of recent years (economic, pandemic, energy) had a significant impact on the 

economic situation of companies? 

2. Have the concepts used helped to get through the crises? 

3. Have the concepts used supported energy efficiency? 

4. Have companies modified their process management concepts? 

Most attention was paid to energy aspects. 

The results of the research are divided into three sections: 

In section. 3.1 presents the results of a literature analysis of the contribution of energy 

consumption costs and their relevance to the economic efficiency of enterprises. The aim was to 
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identify factors influencing energy consumption and ways to reduce this consumption. These ways 

include methods and tools used in management concepts - primarily Lean Management, which can 

be useful for energy savings. The authors' intention was to investigate whether the known ways of 

eliminating waste can also contribute to energy efficiency, or whether there is a need to develop new 

tools aimed at analysing and improving this efficiency. 

In Section 3.2. the results of an analysis of the financial reports of companies from recent years 

are presented, which were carried out to determine how Polish and foreign companies, including 

those applying the concepts of Lean Management, SixSigma and Agile, have managed in crisis 

conditions. 

The authors sought to answer these questions by interviewing employees of companies applying 

Lean Management. The interviews were conducted in June and July 2024. The results of these 

interviews are presented in sec. 3.3. 

3. Results 

3.1. Analysis of the Literature 

According to a survey of the U.S. hardwood industry, the average share of energy consumption 

costs in total costs is 7.90% (9.70% - primary producers, 7.10% secondary producers - 5.90% to 7.80%) 

[1,2]. Studies conducted in 11 European countries - including Austria, Belgium, Germany, Italy, 

Luxembourg, Spain, France, Croatia, Italy, Poland, Portugal and Slovakia - have shown that energy 

consumption accounts for a significant portion of many companies' costs, with significant differences 

between industries and between countries [3]. On average, energy consumption accounted for about 

5% of the cost of goods, materials and consumables sold and about 12% of external supplies and 

services. Energy price levels began to rise in 2021. In 2022, as a result of the war in Ukraine, gas prices 

rose by 400% and electricity prices by up to 200%. An additional factor was the increase in 

consumption and production following the Covid-19 pandemic. 

Rising energy prices are having an increasing impact on companies' financial performance, 

according to another study covering 1,342 companies in 22 European countries in 2022 [4]. Similar 

results were obtained in studies conducted in other parts of the world. An analysis of the financial 

performance of large manufacturing industries listed on the Pakistan Stock Exchange from 2007 to 

2016 (textile sector, cement sector, sugar sector, auto assembly sector and pharmaceutical sector). It 

showed that energy prices have a significant and positive relationship with financial performance 

[5]. Also according to the study conducted in China industrial companies that achieved the energy 

savings target have an advantage in terms of profitability [6]. However, companies may show 

positive productivity growth in the medium term, especially in less energy-intensive sectors [7]. 

Bamiatzi et. al. [8] analyzed the 2008 economic crisis and concluded that a company's 

profitability is less influenced by industry characteristics and more influenced by how a company 

and its processes are managed.  

"Lean manufacturing" is considered one of the most effective management methods, also the 

method of managing consumption of the energy, by identifying and eliminating wastes.  According 

to the results of some studies in most of the cases where LGS tools have been applied (e.g. - TPM - 

Total Productive Maintenance, 6R), there was a positive impact on the economic bu t also on the 

environmental efficiency [9].  

Numerous studies conducted in different industries and in different parts of the world confirm 

the benefits of Lean Management for energy and environmental efficiency [10]. Below are some 

illustrative examples of this. 

The types of waste and associated energy consumption often identified in the literature (EPA) 

are presented in Table 1. 
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Table 1. Energy used hidden in Lean waste. 

Waste type Energy use 

Overproduction 
Energy consumed in operating equipment to make unnecessary 

products 

Inventory 
Energy used to heat, cool, and light inventory storage and 

warehousing space 

Transportation and Motion 

More energy used for transportation and delivery  

More space required for work in process (WIP) movement, 

increasing lighting, heating, and cooling demand and energy 

consumption 

Defects 

Energy consumed for making defective products; space required 

for rework and repair; increasing energy use for heating, cooling, 

and lighting 

Over processing 
Energy consumed in operating equipment related to unnecessary 

processing 

Waiting 
Wasted energy from heating, cooling, and lighting during 

production downtime 

Source: [11]. 

The first example is a manufacturing company that, in the midst of an energy crisis, achieved 

greater energy efficiency by using Lean tools and a Kaizen approach [12]. Energy consumption was 

reduced by up to 7.5% on the production line, by 3.5% at the extruder stage and by up to 20% at the 

injection stage of the manufacturing process.  

Using a process map (VSM) and process improvement at a company that produces valve 

regulators for liquefied petroleum gas (LPG) cylinders, a 25% reduction in energy consumption was 

achieved [13]. Reducing the WIP at this company from 21,300 to 6240 parts per day and reducing 

space utilization on the production floor reduced energy consumption by 15.6%. One of the solutions 

at this company was a work cell on the assembly line, the use of which reduced transportation 

between assembly, painting and inspection stations, which also translated into lower consumption 

of energy, water and carbon emissions. 

Very similar results were achieved at a company in a completely different industry, namely from 

the food industry. In this company, thanks to the application of "Lean", it was possible to reduce 

waste, including changeover time and manual process. As a result SEC (The specific energy 

consumption) improved by 15.1% due to the reduction of wastage on the production line [14].  

An electrical component company achieved even better results - the introduction of production 

cells, a pull system and increased fault tolerance resulted in a 72.37% reduction in energy 

consumption [15]. 

Also in one of the studies conducted in the building (construction) industry with the use of the 

life cycle assessment (LCA) methodology outlined in the ISO 14040, it was proved, that four lean 

techniques value stream mapping (VSM), just in time (JIT), continuous flow, and total productive 

maintenance (TPM), energy consumption was reduced by 9.2% and CO2 emissions by 4.4% [16]. 

Very similar results are also reported in other studies. For example Gonce and Somers [17] 

conducted studies in various manufacturing companies. The conclusion of these studies is that 

streamlining processes in even without capital expenditure would reduce energy consumption by 15 

per cent. Especially in companies that have implemented Lean, there is a basis for increasing energy 

efficiency through process integration and improvements in quality, productivity, flexibility. Many 

Lean Management techniques allow energy efficiency as a side effect - reducing waste in the form of, 

for example, overproduction, unnecessary transport and quality errors results in a decrease in energy 

consumption.  
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Although there are many Lean tools identified in the literature, there are six that can be used to 

significantly reduce energy consumption : Standard Work, Visual Workplace, Error Proofing, TPM, 

Quick Changeover, and Right-Sized Equipment [18]. 

Phong and Minh [19] identified "classic" tools and solutions that can be used to significantly 

reduce energy consumption: 

1. 5S and Visual Workplace, which provide visual indicators that make it easy to identify energy 

use targets, which can help employees and managers to be aware of energy consumption and 

opportunities for reduction; 

2. Standardized work: workplace procedures that take into account the best practices for reducing 

energy consumption in training materials, standard operation and maintenance of equipment, 

5S checklists  

3. Poka-yoke - not making mistakes also reduces energy consumption 

4. Total Productive Maintenance (TPM): By systematically maintaining equipment, plants can 

reduce defects in the production process and reduce energy costs by over 20%.  

5. Train employees to identify energy losses and increase equipment efficiency through 

maintenance and operation. 

6. Kaizen - to increase equipment performance. 

7. SMED - reducing set-up and changeover times. 

8. VSM: helps to understand how energy is used throughout the process. 

9. Selecting equipment with the right (optimal) parameters (performance, speed): e.g. an outdated 

machine has a much higher performance than required. 

The effectiveness of these solutions, the authors cited here, demonstrated using the example of 

Case, one of the largest wooden furniture manufacturers in northern Vietnam (known as WL). WL. 

The company faced pressure to reduce costs in the context of Covid-19 and a customer-enforced 

requirement to reduce energy consumption for export products. Using the methods mentioned 

above, unit energy consumption (SEC = Energy used /Product s amount) dropped by as much as 

67.88% in 2021 (from 46.83 to 31.75 kWh/m3). Table 2 shows the solutions used by this company and 

the energy savings they have brought about. 

Table 2. Percentage of energy reductions by applying different Lean tools for main equipments. 

Equipment Quantity  
Waste 

(problems)  

Lean tool 

application  

% energy 

reduction  

Drying oven  20 

Over-heat, 

over-time 

drying  

SW, right-size 

equipment, 

TPM  

39.1 

Sanding machine  37 
Defect, no-load 

running  

SMED, SW, 

Poka-yoke  
25.2 

Vacuum machine  49 
No-load 

running  
SW, 5S, TPM  18.3 

Conveyor  144 
No-load 

running  

Visual, 5S, 

TPM.  
14.9 

Drill machine  125 
Long cutting 

journey  

SW, Poka-yoke, 

TPM  
13.7 

Cutting machine  35 

No-load 

running, long 

cutting journey 

SW, Poka-yoke, 

TPM  
9 

Compress machine  4 Defective  
SMED, SW, 

Poka-yoke  
3.7 

CNC machine  12 - TMP  2 

Source: [19]. 
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The conclusion that emerges from these cases is that the energy crisis has not discouraged these 

companies from applying Lean Management. On the contrary, it has further mobilized them to seek 

savings. However, the authors of other studies caution against drawing too hasty conclusions - which 

solutions should be applied to design a resilient system.  

In addition to lean management other factors such as a smart environment relying on 

digitization and the Industry 4.0 tools and technologies can support the evolution of a company 

towards a higher levels of operational and lean-green performance [20,21]. Similar initiatives are also 

underway in companies that have implemented concepts that “compete” with Lean Management, 

such as Six Sigma or Agile. For example the U.S.-based Dow Company has improved energy intensity 

(energy consumption per pound of product) by 22% through Six Sigma and employee engagement 

[22].  

The goal of “Agile Project Management (APM)” [23] is to foster innovation and energy-efficient 

solutions in the heating, ventilation and air conditioning (HVAC) industry, which is at the forefront 

of addressing environmental challenges with innovative technologies. The main tenets of the project 

are iterative development, adaptive planning, collaboration with customers, flexibility and 

responsiveness to change. HVAC enables rapid adaptation to changing customer needs and 

technological advances.  

Agile can be used to streamline processes (and consequently increase energy efficiency) not only 

in the manufacturing area, but also in transportation. “Agile approach” to process optimization in 

urban logistics [24]. 

Even greater benefits can be achieved by combining these concepts and using hybrid solutions 

[25]. The search for solutions combining different competing concepts is necessary if high efficiency 

in terms of disruptions, crises and energy consumption is to be achieved [26]. Companies can be 

LARG - Lean, Agile, Resilient and Green [27]. Integration of Lean and Six Sigma in different areas of 

manufacturing and services is required to increase the resilience of systems [28] and enables to 

increase process efficiency, and improve overall economic, energy and environmental performance 

[29–34].  

Research at a major multinational aerospace and defense company has shown that Lean 

practices foster anticipation, adaptation, increase flexibility and resilience [20]. However, the authors 

state that if standardization is too high, "Lean" practices can also undermine organizational resilience. 

Besides although lean manufacturing is regarded as energy efficient management concept new tools 

and methods are needed to analyze and reduce this consumption.  

Baysan et. al. [15] developed  a holistic methodology, which integrates Energy Value Stream 

Mapping, experimental design and simulation, with the aim of analyzing and reducing the energy 

consumption by reducing unevenness (mura) and overburden (muri), as root causes of energy 

consumption - waste (muda). The proposed methodology applied to a cable ladder manufacturing 

system yielded approximately 72.37% reduction in energy consumption. 

A novel Lean method, which takes into account also the environment concern, is the Energy 

Cost Deployment (ECD), whose objective are to classify, analyse, and eliminate energy losses within 

the factory [35]. The effectiveness of the ECD method was illustrated using an industrial case study 

concerning a tissue-paper mill. 

The Leanergy method developed by the Okavango-energy consulting firm [36] represents a 

structured Lean manufacturing approach that extends savings to processes and operations. The 

rationale for this new concept is that not all Lean tools are tools that simultaneously help reduce 

energy consumption [37].  

The goal of the Lean Energy Management concept [38] is to optimize the energy efficiency of 

enterprises by continuously reducing energy costs, which in turn is achieved by reducing energy 

consumption on the one hand and reducing energy procurement costs on the other. As the authors 

state, many of the classic tools of Lean Manufacturing methods are used to achieve this goal, but they 

also stress that transparent processes in particular are involved. However, to achieve high energy 

efficiency to a greater extent, they propose a specialized “energy flow map” (EVM) method that 
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shows how specific the problem is. The classic VSM method is therefore insufficient, and there is a 

need to develop new tools. The usefulness of this method was demonstrated in a case study of die 

casting [39]. Total energy demand in the process chain was reduced by 6.17%. 

This raises another question, is process improvement alone without investment and 

technological development enough? The energy efficiency of manufacturing processes is heavily 

influenced by the technologies of Industry 4.0. Four groups of technologies (artificial vision and 

artificial intelligence, incremental manufacturing and robotics, big data and advanced analytics, and 

the Internet of Things) are helping to improve the energy efficiency of these processes by an average 

of 15-25% [40]. Integration of Green Lean Six Sigma (GLSS) and Industry 4.0 (I4.0) helped to improved 

hospital care through better safety, hygiene and real-time diagnostics [41]. Lean Manufacturing can 

be supported by Quick Response Manufacturing especially in environments with high variation and 

small volumes [42]. Other authors are also developing similar models. For example Costa et. al. [43] 

developed a model that integrates 4.0 and LM practices and facilitates companies' transition towards 

environmental sustainability. The model was validated through interview with a sample company. 

Studies conducted in 30 Chinese provinces between 2006 and 2019 have shown that smart technology, 

productivity effects, economies of scale and resource allocation effects of smart manufacturing can 

significantly improve energy efficiency [44]. A study also conducted in China by Chu et. al [45] 

among A-listed companies in Shanghai and Shenzhen between 2011 and 2021 found that AI can drive 

corporate energy transformation and artificial intelligence can help corporations achieve energy 

transformation. Similar studies are being conducted by other authors - Song et. al. [46], for example, 

showed in their study that the digital economy can promote better energy use efficiency 

For supply chains as well, the use of modern technologies is advocated to support these 

concepts: digitization through mobile apps, artificial intelligence systems and Big Data and machine 

learning, as well as new concepts such as Lean omnichannel [47]. The Lean omnichannel approach is 

an effective practice to maintain production costs, SC visibility, SC inventory availability and sales. 

Companies can achieve high levels of sustainability through resilience if they are committed to a 

sustainable return on investment. Integrating supply chain resilience with quality management leads 

to more sustainable and better organizational performance. This integration provides synergistic 

benefits, contributing to increased operational efficiency [48]. A conceptual lean supply chain 

reference model (LSCP 4.0) has been developed that combines Industry 4.0 (I4.0) digital technologies 

with Lean Manufacturing tools to reduce waste and minimize costs [49]. The model has been applied 

and verified in the case of a large shoe company.  

A manifestation of the recognition of the relevance of the problem of energy consumption and 

its peculiarities is the Department of Energy Reduction established at Toyota SA in April 2010 [50]. 

Its task is to focus on the implementation of an energy management system in line with the company's 

goals and based on Toyota's philosophy of continuous improvement (see also: [51]). The 

establishment of such a department in a company that is a symbol of "Lean Management" shows that 

achieving energy efficiency goals requires deeper changes in companies, that apply this concept. 

The issue of integrating energy aspects into Lean Management has been the subject of research 

by McKinsey and related experts. Below are the results of one of the studies [52]. 

According to the authors, over the years manufacturers have made tremendous gains in 

increasing labor and capital productivity by implementing Lean Manufacturing principles. To a 

lesser extent, however, there have been efforts to increase energy efficiency. As the authors of the 

report cited here state: 

“The waste of energy and resources is typically overlooked or excluded from lean problem solving 

on the grounds that it is too complex for the front line to address, cuts across too many functions, 

or both”.  

Meanwhile, energy consumption can account for a significant portion of production costs. The 

authors give the example of a manufacturer of LCD TVs, where energy consumption costs accounted 

for 45% of production costs. Considering the share of production costs in the value of sales and the 

profitability of large manufacturers, this is indeed a significant share. The share of energy 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 February 2025 doi:10.20944/preprints202502.1513.v1

https://doi.org/10.20944/preprints202502.1513.v1


 8 of 20 

 

consumption costs in the production costs of steel or chemical products can be 15% or more (e.g., 

30%). The authors estimate that these costs can be reduced by up to 30 percent, in part by applying 

Lean principles. The savings achieved by the surveyed companies amount to millions of euros in 

savings per year (as much as €50 million in savings per year in one of the surveyed companies). It 

was necessary to map the value stream of raw materials and move away from the traditional 

assumption that benefits could be achieved without expense only by eliminating wastes and 

streamlining processes. 

3.2. Analysis and Comparison of Companies' Financial Performance 

In order to determine the impact of an increase in the cost of energy consumption on financial 

performance, the authors analysed the financial results from recent years of Polish companies, 

multinationals and companies that apply Lean Management, Agile and Six Sigma strategies. 

The authors took the data for the calculations from the financial reports of the companies: 

Those applying Lean Management 

Japanese companies (Toyota Motor Corporation, Honda, Nissan, Suzuki, Mitsubishi Motors 

Corporation) 

American companies (General Motors Company, Parker Hannifin, Illinois Tool Works, 

Kimberley-Clark Corporation, Textron, General Electric, 3M) 

Those applying Six Sigma (Textron, Motorola, BAE Systems, Denso Corporation, Eastman 

Kodak Company, Xerox, Boeing) 

Those using Agile (Sony, Lego, Siemens, Koninklijke Philips) 

Combining these concepts: 

LeanSixSigma (John Deere, Ford Motor Company, Caterpillar Inc.) 

LeanAgile (Intel Corp., Nike, Inc.) 

Global corporations - the world's largest manufacturing companies 

Polish companies - manufacturing companies 

For all these companies, average values were calculated for changes in net profits and the share 

of the cost of goods sold (COGS) in revenues. The aim of these analyses was to find out whether the 

economic efficiency of these companies had been affected by developments in recent years. In 

particular, the authors wanted to see how the increase in energy prices affected economic and 

financial efficiency. 

This topic has been tackled by the authors of this article before, and the results of research into 

the impact of energy costs on the efficiency of Polish manufacturing companies are included in an 

earlier publication [53]. 

Tables 3–6 - show the evolution of net profits and TCN's share of revenue over two 4-year 

periods: 2016 - 2019 and 2020 - 2023), i.e. before Pandemic I during the Covid-19 pandemic and the 

‘energy crisis’, which was partly related to the war in Ukraine. 

Table 3. Average changes in profits and COGS/revenue share in manufacturing companies. 

Change of: Net profits Share of COGS/Revenue 

Firm 2016 – 2019 2020 - 2023 2016 - 2019 2020 – 2023 

Lean Japan 14.53% 55.56% 8.92% -2.10% 

Lean USA 37.56% 71.64% -0.45% 0.05% 

SixSigma 71.52% 22.13% 2.03% -0.09% 

Agile 287.63% -75.71% -0.54% 8.05% 

LeanSigma 54.47% 24.80% -4.42% -11.85% 

Lean Agile 64.53% 3.88% 7.23% 18.06% 

Multinational corporations 31.38% 19.76% -0.06% -3.99% 

Polish companies 134.14% 143.27% 0.46% -0.22% 
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Table 4. Average profit changes of Lean Management leaders. 

Change of: Net profits  Share of COGS/Revenue  
Japanese companies  2016 – 2019 2020 - 2023 2016 - 2019 2020 – 2023 

Toyota Motor Corporation -18.59% 20.08% 3.78% 1.34% 

Honda 66.43% 40.67% 44.74% -14.31% 

Nissan -57.13% 78.72% 6.30% -3.38% 

Suzuki 34.46% 17.79% -14.43% 8.96% 

Mitsubishi Motors Corporation 47.47% 120.54% 4.19% -3.10% 

US companies 2016 – 2019 2020 - 2023 2016 - 2019 2020 – 2023 

General Motors Company 134.70% 60.43% -1.92% 3.28% 

Parker Hannifin 87.48% 73.29% -3.04% -11.76% 

Illinois Tool Works -14.43% 40.21% -3.09% -1.39% 

Kimberley-Clark Corporation 41.35% -25.00% 1.77% 1.90% 

Textron 35.83% 198.06% 2.58% 11.43% 

Table 5. Average profit changes for Six Sigma leaders. 

Change of: Net profits  Share of COGS/Revenue  
Firm 2016 – 2019 2020 - 2023 2016 - 2019 2020 – 2023 

Textron -15.28% 198.38% 1.16% -7.10% 

Motorola 55.54% 79.85% -4.43% -2.23% 

BAE Systems 52.38% 38.49% -12.71% -4.96% 

Denso Corporation 13.02% 271.29% 2.03% -0.09% 

Eastman Kodak Company 540.00% -109.98% 13.08% -6.54% 

3M 188.55% -78.31% 6.20% 9.58% 

Xerox  -17.60% -11.98% -0.49% 6.06% 

Boeing -60.27% -107.30% 11.40% -17.89% 

Table 6. Average profit changes of companies using Agile and combining these concepts. 

Change of: Net profits Share of COGS/Revenue 

Agile 2016 – 2019 2020 - 2023 2016 - 2019 2020 – 2023 

Sony 572.05% 29.48% -6.75% 8.04% 

Lego -99.38% -439.87% 8.51% 5.02% 

Siemens 708.09% 244.73% 0.08% 11.94% 

Koninklijke Philips -30.22% -137.17% -4.00% 7.19% 

Lean Six Sigma 2016 – 2019 2020 - 2023 2016 - 2019 2020 – 2023 

John Deere 113% 270% -1% -23% 

Ford Motor Company -99% -440% -5% -4% 

Caterpillar Inc. 148% 245% -8% -8% 

Lean i Agile 2016 – 2019 2020 - 2023 2016 - 2019 2020 – 2023 

Intel Corp. 80% -92% 14% 36% 

Nike, Inc. 49.2% 99.7% 0.2% -0.2% 

In the period before the pandemic, the companies surveyed increased their profits. Among 

multinationals, the most in companies using Agile (287.63%), followed by those using SixSigma 

(71.52%) and combining different concepts: Lean with Agile (64.53%) and LeanSigma (54.47%). Gains 

also increased in US Lean companies (37.56%) and global corporations (31.38%). Perhaps 

surprisingly, the smallest increases in profits were in the home of Lean Management in Japan 

(14.53%). But what may be even more surprising is that Polish manufacturing companies did even 

better (up 134.14%). 

How to interpret this data? Is Lean not such an economically efficient concept after all? Or, 

conversely, is it confirming the principle that companies that have already achieved a high level of 
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efficiency find it more difficult to increase it? The answer to this question would require further 

research. 

Polish companies did even better in the following period (profit growth of 143.27%). The 

pandemic crisis and the increase in energy costs did not harm the profits of Lean Management 

leaders, on the contrary, profits increased to a greater extent in both the USA (71.64%) and Japan 

(55.56%).  

In contrast, profit increases were smaller in companies using Six Sigma (22.13% - which is less 

than in the previous period) and LeanSigma (24.80%). Agile companies were not immune to the crises 

during this period (-75.71% decrease in profits) as well as those that combined Lean with Agile (only 

3.88% increase). International corporations recorded relatively lower growth, but still only slightly 

less than in the previous period. 

As the increase in energy prices has an impact on costs, it is precisely the costs that should be 

analysed, above all the manufacturing costs, especially as they account for a very large proportion of 

total costs in manufacturing companies. Lean Management and SixSigma are intended to help 

improve the efficiency of these processes. 

The data shows that the share of COGS in the value of sales has remained relatively stable. This 

raises the question of whether management concepts such as Lean, Agile and SixSigma are helping 

process efficiency and cost reduction. Most surprisingly, there was an increase in the share of these 

costs in Japanese Lean companies between 2016 and 2019 (by 8.92%), as well as in companies that 

combined Lean and Agile (7.23%). This group of companies saw a further increase of 18.06% in the 

next period (2019 - 2023). In contrast, it is again fair to say that Lean Leaders, however, have done 

well during the crises of recent years - in Japan, the share of COGS declined (-2.10%), in the US it 

remained at a similar level to the previous period. The least resilient in this respect proved to be the 

combination of Lean and Agile (increase in COGS share by as much as 18.06%). International 

corporations (-3.99%) and Polish companies (-0.22%) managed to reduce costs during this difficult 

period. These results are comparable to those of Lean, Six Sigma or Agile leaders.  

However, hasty conclusions can be drawn from such averaged data. Firstly, it is necessary to 

analyse not only the average data of individual groups but of individual companies. Such data are 

presented in Tables 2–4. 

It turns out that there are very large differences between the individual companies, which shows 

that it is not only the management concept itself or its processes that are important, but also how the 

concept is implemented and perhaps factors beyond the control of the company. 

The company we most associate with Lean Management i.e. Toyota experienced a -18.59% drop 

in profits in the pre-pandemic period. However, Toyota's financial performance together with Nissan 

(-57.13%) understates the statistics in this group, as the other Japanese forms increased their profits 

in both 4-year periods, with Mitsubishi Motors Corporation increasing profits by as much as 120.54% 

in recent years. 

US Lean companies fared much better - with the exception of two cases (Illinois Tool Works and 

Kimberley-Clark Corporation), these companies posted profit increases in both periods, and more 

than Japanese companies. Textron's profits between 2020 and 2023 increased by as much as 198.06% 

(more than Mitsubishi - 120.54%). 

In both countries, however, there is wide variation in the effects across companies.  

There are even greater differences between companies using SixSigma, Agile and combinations 

of these strategies. Moreover (as in Lean), it is not possible to conclude that a company that increased 

its profits in the years before the pandemic was also in a good financial position in the following 

period, or vice versa.  

The largest increase in profits took place at Eastman Kodak Company (540.00%), while the 

following year also saw the largest increase in this group, but a decrease in profits (-109.98%). In some 

of the companies in this group, financial performance improved in the latter period (Denso 

Corporation 271.29%, Textron 198.38%, Motorola 79.85%). However, it is difficult to conclude from 

this that SixSigma organisations have proved more resilient to crises.  
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In contrast, the financial situation was worse at Agile organisations - two had smaller profit 

increases: Sony - 29.48% and at Siemens - 244.73%. These increases in the previous period were 

572.05% 708.09% respectively. The other two had declines in profits - at Lego -99.38% and Koninklijke 

Philips -30.22%. In the following years these declines were even greater - respectively: -439.87%, -

137.17%.  

The situation was better for companies using combinations of these strategies, with 3 out of 5 

companies seeing profits increase before 2020 and even more in the following years (John Deere - 

113% - 270%, Caterpillar Inc. - 148% - 245%, Nike, Inc. - 49.2%, 99.7%). The proportion of such 

companies is higher than in organisations using Lean Management and those using SixSigma. This 

seems to support the thesis that the views presented in the literature (see 2. Materials and Methods) 

on the benefits of combining these concepts are valid. 

However, when it comes to the share of COGS in the value of sales, the changes in this value are 

much smaller than the changes in profits. Meanwhile, one would expect to see an increase in process 

efficiency in companies that apply these process management concepts. A decrease in the share of 

these costs between 2016 and 2019 occurred in 55 per cent of companies but in most cases the savings 

were a few per cent. The largest ‘leaning’ occurred in one Lean organisation - Suzuki (-14.43%), a 

SixSigma organisation - BAE Systems (-12.71%), one Agil organisation - Sony (-6.75%) and one that 

combines Lean and SixSigma - Caterpillar Inc. (-8%). As it turns out, however, these ‘productivity 

leaders’ proved little immune to the crises of the following years, in which TKW shares either 

remained at similar levels or even increased. Manufacturing costs, on the other hand, declined during 

the ‘energy crisis’ for companies that had experienced increases in the previous period (Honda - -

14.31%, Parker Hannifin -11.76%, Boeing -17.89%, John Deere -23%). Again, it would be difficult to 

demonstrate that any management strategy is more efficient. The effectiveness apparently depends 

on the decisions made within a given company. It is possible to hypothesise that the crises forced the 

companies that experienced them to introduce more radical solutions than just ‘small step’ 

improvements. 

The data presented above are aggregated. In order to have a better picture, it would be necessary 

to carry out such an analysis on an annual basis. The results of such an analysis are presented in Fig. 

1 -. 5. 

In the Japanese Lean companies (Fig. 1), with the exception of Honda, it is difficult to identify 

any year in which any of these companies experienced a decrease or increase in manufacturing costs. 

Apparently, the application of JIT did not result in an increase in these costs. 

The share of these costs has also remained stable in ‘lean’ US companies (Fig. 2). At ‘Parker 

Hannifin’, there was even a decrease in their share in 2020. 

The share of these costs remains even more stable in companies applying SixSigma. (Fig. 3) and 

those combining Lean and Six Sigma (Fig. 4). 

The same was also true in companies applying Agile and Lean (Fig. 4). In only one company in 

this group did the share of these costs decrease in a significant way in 2020. (46.88% from 70.15% 

before 2020). However, it remained at a similar level in the following years. Intel Corp. In contrast, 

these costs have steadily increased their share over the years - 37.75%, in 2017, 43.99% in 2020, 59.96% 

in 2023. 

Thus, it is not apparent in any of these groups or individual companies that the application of 

management concepts is helping to increase the efficiency of production (and perhaps logistics) 

processes. On the other hand, it is also not apparent that, in this respect, phenomena in their 

environment, such as increases in energy prices, have had an impact on their efficiency. Perhaps, 

however, it is precisely this stability that demonstrates their great resilience - i.e. that they are able to 

keep costs under control despite crises or that they introduce innovative solutions that allow them to 

avoid the negative effects of these crises. However, in order to find an answer to this question, it 

would be necessary to carry out thorough research in these companies. 
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Figure 1. Share of COGS in Revenue - Japanese companies applying Lean Management (2016 - 2023). 

 

Figure 2. Share of COGS in Revenue - US companies applying Lean Management (2016 - 2023). 

 

Figure 3. Share of COGS in Revenue - US companies applying Six Sigmaement (2016 - 2023).. 
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Figure 4. Share of COGS in Revenue - US companies applying LeanSixSigma(2016 - 2023).. 

 

Figure 5. Share of COGS in Revenue - US companies applying Lean and Agile (2016 - 2023). 
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Respondents from this industry are reporting improvements. For example, one manufacturer 

produced 300 engines in January 2023, 500 units in March and 700 units in July.  

Due to the disruption, costs have increased and the economic situation has worsened at some 

companies. However, this was largely influenced by increased customer demands, resulting in 

higher costs. Companies using Lean are often companies working in integrated supply chains, so the 

economic situation depends largely on the partners in the chain, which is also influenced by the JIT 

strategy. 

Here are some key reasons why production costs have increased: 

 Rising costs of raw materials and energy (the war in Ukraine) 

 Supply chain problems (caused by the Covid-19 pandemic) 

 Increase in labour costs (increase of the minimum wage)  

Lean organizations has faced a serious challenge - safety standards on the one hand, and the 

need to maintain process time standards on the other. 

Some companies had to make changes in the management of both processes and employees. 

Training and upskilling of employees was necessary. The pandemic situation - separation of 

employees from each other, hygiene - had a big impact here. However, according to respondents, the 

pandemic did not have as much impact on the organization of work and forms of production 

organization (production cells).  

Companies that used Just-In-Time are still using it. The flow in the supply chain is still "Pull". 

On the other hand, solutions like those of Japanese companies can rarely be found in Polish 

companies. In the companies surveyed, deliveries are not made in directly to the production lines. 

Components supplied from suppliers are delivered close to the production machines, but often in 

quantities equivalent to, for example, several production days. In addition, the JIT system does not 

cover all components, but only some of them (e.g. 20%), and these are the ones with the highest value. 

There is also wide variation in the size of delivery batches, e.g., from 1 unit to 2,000 units.  

The increase in transportation costs as a result of rising fuel prices therefore had little impact on 

the solutions used. Companies did not increase delivery volumes. Instead, inventories increased, but 

this was more due to an increase in safety stock levels. Changes in the supply of components or parts 

for production were more influenced than the increase in transportation costs by the uncertainty in 

the companies' environment resulting, for example, from the political situation (war in Ukraine) and 

the associated increase in delivery times and greater uncertainty about their timeliness. However, 

companies are trying not to increase inventory levels too much - they are trying to optimize them. 

Thus, the JIT system does not necessarily mean the complete elimination of inventories, because this 

is not its essence. In some companies, JIT is a solution used not in cooperation with the supplier, but 

in the internal chain if the company itself produces production parts. In some cases, JIT is imposed 

by the customer.  

Not every company that claims to use Lean also uses Just-In-Time delivery. For example, a 

producer of food for animals, due to fluctuating raw material costs, buys raw materials in large 

quantities to stockpile at times when raw material prices are favorable. As a result, it achieved record 

profits during the crisis. This has also saved it from having to reduce its workforce and raise the 

prices of its products.  

One of the people interviewed - dr. Czerska had similar (but only to a certain extent) comments :  

« Lean is not immune to crises, and companies should adapt to phenomena in the modern world, 

which is facilitated by companies' use of lean thinking and lean management. As far as JIT is 

concerned, even if a company experiences an increase in transportation costs (as a result of rising 

energy prices), this does not mean that it is necessary to increase delivery volumes and 

inventories, because the distance between the manufacturer and its supplier can be shortened. »  

To summarize it can be said that while there are differences of opinion, the more common view 

is that while Lean organizations are not entirely immune to crises, Lean allows them to get through 

them more easily. If they didn't use Lean, their situation would be even worse. For example 

companies like Mercedes are recovering from crises by winning new orders.  
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Prof. P. Walentynowicz gave an example of a company in the agricultural industry that did not 

apply Lean and is doing well, but he believes that if it had applied Lean, it would have done even 

better. However, Lean alone in its classic form is not enough - it needs to be combined with other 

concepts: Agile, Six Sigma, Industry 4.0. Agile strategy can be more effective in adapting to change, 

especially changes in the company's environment. Lean is immune to internal crises (poor 

management, organization). The Just-In-Time system may need to be modified - for example, to Just-

In-Case. Lean can greatly enhance an organization's ability to survive and adapt in crises by focusing 

on efficiency, flexibility and continuous improvement. However, full resilience to crises requires 

more than just implementing Lean - companies should take appropriate steps to increase this 

resilience. 

Mr. Paweł Dobek, a production optimizer in ZMM Maxpol believes that in this day and age, in 

the modern labor market, there is no choice but to invest in technological solutions (problems with 

employees, employee absenteeism - such as the lack of an experienced worker). In this company, the 

increase in productivity and labor efficiency in the long term has been achieved through the use of 

traditional tools (e.g. Poka-Yoke) to streamline processes with the support of modern technology (3D 

printing technology, robots and cobots). But it is important to maintain a balance between automation 

and human labor. In this company AI solutions are implemented gradually and with great care. 

The company has been using Lean Management for more than five years (that is, before the 

pandemic) and has succeeded in reducing waste, simplifying processes and increasing productivity. 

The pandemic has not caused the company's economic situation to deteriorate; on the contrary, the 

company has increased its profits. In the period of 5 before the implementation of Lean, i.e. 2014-

2018, the company recorded a 5.02% increase in the annual average The Overall Equipment 

Effectiveness (OEE) indicator. 

Costs at this company have increased due to inflation, the market situation and supply chain 

disruptions caused by the pandemic. However, the use of Lean Management helped it get through 

difficult times and adapt faster to changes in the market. These changes did not mean fundamental 

changes in the organization, but process improvements that allowed for increased productivity. The 

company did not move away from JIT, but tried to apply solutions to reduce energy costs (renewable 

energy sources, installation of photovoltaic panels, energy recovery in various ways).  

However, in Mr. Dobek's opinion, Lean is not immune to crises, but a Lean organization is more 

likely to survive in difficult times. 

4. Discussion and Conclusions 

The authors conducted research based on a literature review, an analysis of financial results of 

companies applying Lean Management, Agile and Six Sigma concepts (as well as their combinations), 

which are well known and appreciated by theoreticians and practitioners, and interviews with 

representatives of companies applying (or declaring to apply) Lean Management, including Just-In-

Time. 

Based on the literature review, the authors conclude that:  

 Lean management generally has a positive impact on energy efficiency through the elimination 

of waste. 

 ‘Lean manufacturing’ is considered one of the most effective methods of managing also energy, 

especially the use of tools such as 5S, Visual Workplace, standardised work, poka-yoke, Total 

Productive Maintenance (TPM, SMED, value stream mapping). 

 In companies that have implemented concepts such as Six Sigma or Agile, there are also 

initiatives aimed at reducing energy consumption, e.g. Agile can be used to streamline processes 

(and as a result increase energy efficiency) in both production and transport.  

 Even greater benefits can be achieved by combining Lean and Agile or Lean and Six Sigma 

concepts and using hybrid solutions. Benefits can also be achieved by combining the digital 

technologies of Industry 4.0 with the tools of Lean Manufacturing.  
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 One method aimed at analysing energy consumption and its reduction is the Leanergy method, 

which extends source savings to processes and operations.  

 To achieve high energy efficiency, it is necessary to analyse energy and resource consumption 

in detail, rather than simply hoping to avoid wasting them by streamlining processes. 

Based on an analysis of the financial results of Polish companies, multinationals and companies 

that apply Lean Management, Agile and Six Sigma strategies, the authors conclude that: 

 In determining the impact of an increase in the cost of energy consumption on financial 

performance, the average values of the change in net profits and the share of COGS in revenue 

were calculated for all these companies. It turned out that there were very large differences 

between the individual companies in each group, which shows that it is not only the 

management concept itself or its processes that are important, but how the concept is 

implemented and perhaps also other factors. 

 In general, the situation was better in companies using combinations of strategies (Lean and 

Agile or Lean and Six Sigma), confirming that the views presented in the literature. 

 It is not apparent that any of the management concepts used are helping to increase the efficiency 

of production processes, but on the other hand it is also not apparent that the increase in energy 

prices is impairing their efficiency, which may indicate that despite crises these companies are 

able to keep costs under control or that they are introducing innovative solutions that allow them 

to avoid the negative effects of these crises. 

Based on the interviews conducted in Polish companies, which implemented "Lean 

Management", the authors conclude that:  

 The rise in fuel and energy prices has not affected the move away from the just-in-time concept. 

Companies that have used Just-In-Time and continue to use it. However, there are opinions that 

the Just-In-Time system may need to be modified, e.g. to Just-In-Case. 

 The majority of respondents believe that although Lean organisations are not immune to crises, 

Lean allows them to get through these crises more easily. If they did not use "Lean" their 

situation would be worse. 

 Some point out that Lean in its classic form alone is not enough - it needs to be combined with 

other concepts: Agile, Six Sigma, Industry 4.0 in order to adapt to changes taking place in a 

company's environment.  

 Lean can significantly enhance an organisation's ability to survive and adapt in crises thanks to 

its focus on efficiency, flexibility and continuous improvement. However, full resilience to crises 

requires taking take appropriating and may be new steps. 

 The surveyed companies are aiming to reduce energy consumption, using renewable energy 

sources. 

Although "Lean" organizations are not immune to crises, they get through them more easily. 

However, greater benefits can be achieved by using hybrid solutions, such as combining Lean and 

Agile or Lean and Six Sigma concepts. Lean management generally has a positive impact on energy 

efficiency by eliminating waste, but in order to achieve high energy efficiency, it is necessary to 

analyze energy consumption in detail and proactively implement solutions to reduce energy 

consumption. 

However, in addition to the problem of the resilience of these concepts to crises in their 

environment, there is another issue on which requires further research. Namely, whether we are 

facing significant transformations in both companies and their economic, social and technical 

environment. This is particularly true of the concept of Lean Management, which contains interesting 

and surprising contradictions. One very distinctive one is the combination of innovation and 

creativity with a conservative approach to certain problems. This has manifested itself in the 

approach to technical solutions. Proponents of Lean Management have always prided themselves on 

the fact that it is a concept that uses the potential contained in people and their creativity, rather than 

technical solutions. It seem however, that in the current times, when we have problems in the labor 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 February 2025 doi:10.20944/preprints202502.1513.v1

https://doi.org/10.20944/preprints202502.1513.v1


 17 of 20 

 

market on the one hand, and rapid technological advances (e.g. artificial intelligence) on the other, 

these conservative views, preached for decades should be revised. 

There is a need to continue research on the energy efficiency of business management concepts 

and their processes and verify the already conducted. For example, according to the results of studies 

already cited in this article, there is a positive impact of Lean Management tools on the environmental 

efficiency (Teixeira et. al., 2021). However there were also a small number of cases where it was found 

that an increased consumption of energy and water lean tools was induced by implementing SMED 

(Single Minute Exchange of Dies). It is suprising because the effect of such tools should be not only 

reductions of time of setups and changovers but also costs and also costs of energy. 

This raises questions about whether the surveyed companies are actually using Lean 

Management tools and whether the employees of these companies understand the meaning of the 

terms used in the literature ? 

The general conclusion that emerges from the research is that the effectiveness of the 

management systems, systems and tools used does not mean that they are the answer to all problems. 

It refers especially to the problem of energy consumption - even if given tools, e.g. “Lean 

Management” indirectly promote energy efficiency, specialized tools are needed. Lean Management 

is not a concept that provides immunity to instability in the environment, and its assumptions should 

be revised and long-term trends of a social nature (aging population) should be taken into account, 

and the opportunities offered by modern technologies should be used. 

The financial results, especially the continuing similar (high) share of costs (COGS) in the value 

of sales, seem to confirm the need to revise the management methods used so far. 

Author Contributions: Conceptualization, D.M. and B.M.; methodology, D.M. and B.M.; software, D.M.; 

validation, formal analysis, investigation, resources, data curation, writing—original draft preparation, 

writing—review and editing D.M. and B.M. All authors have read and agreed to the published version of the 

manuscript. 

Funding: Please add: “This research received no external funding”. 

Acknowledgments: The authors would like to thank all the people (staff, managers, consultants, academics) 

who agreed to conduct the interviews (3.3.), gave their time and shared their knowledge, experience and very 

valuable comments and insights. The individuals who agreed to be named are: prof. Piotr Walentynowicz 

(University of Gdansk, Pomeranian University of Slupsk), dr inż. Joanna Czerska (Gdansk University of 

Technology), Krystian Strzesak (business network, expert assistance) and Mr Arkadiusz Florek (manager of a 

large manufacturing company). Special thanks are due to Mr Paweł Dobek (ZMM MAXPOL), who sent very 

extensive material and also shared his comments on the problems described in this article. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Espinoza, O., Bond, B. H., & Buehlmann, U. Energy and the U.S. hardwood industry—part 1: responses to 

increasing prices. Bioresources 2011a, 6(4), 3883–3898;  

2. Espinoza, O., Bond, B. H., & Buehlmann, U. Energy and the U.S. hardwood industry—part 2: profile and 

impact of prices. Bioresources 2011b, 6(4), 3899–3914 

3. The impact of energy costs on European firms’ profitability. BACH Bank for the Accounts of Companies 

Harmonized. Outlook #12 November 2023. Available online: h�ps://www.bach.banque-

france.fr/asset/documents/Outlook12.pdf . (accessed on 11 07 2024). 

4. Herman, R.; Nistor, C.; Jula, N.M. The Influence of the Increase in Energy Prices on the Profitability of 

Companies in the European Union. Sustainability 2023, 15, 15404. 

5. Rasheed Q., Energy Prices and the Financial Performance of DifferentIndustries in Pakistan, Global Journal 

of Management and Business Research: CFinanceVolume 2019, 19(C3), 17–29. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 February 2025 doi:10.20944/preprints202502.1513.v1

https://doi.org/10.20944/preprints202502.1513.v1


 18 of 20 

 

6. Zhang Y., Zhao X., Fu B. Impact of energy saving on the financial performance of industrial enterprises in 

China: An empirical analysis based on propensity score matching. Journal of Environmental Management 

2022, 317, 115377. 

7. André, C., et al. Rising energy prices and productivity: short-run pain, long-term gain? OECD Economics 

Department Working Papers, OECD Publishing, Paris 2023, 1755.  

8. Bamia�i, V., Bozos, K.; Cavusgil, S.T., Hult, G.T.M. Revisiting the Firm, Industry, and Country Effects on 

Profitability under Recessionary and Expansion Periods: A Multilevel Analysis. Strateg. Manag. J. 2016, 37, 

1448–1471. 

9. Teixeira, P., Sá, J.C., G. F.J Silva, L.P. Ferreira, G. Santos, P. Fontoura. Connecting lean and green with 

sustainability towards a conceptual model. Journal of Cleaner Production, 2021, 322, 129047 

10. Francis, A., Thomas, A. Exploring the relationship between lean construction and environmental 

sustainability: A review of existing literature to decipher broader dimensions. Journal of Cleaner Production 

2020, 252, 119913, 

11. United States Environmental Protection Agency [EPA]. The lean and energy toolkit: Achieving process 

excellence using less energy 2007. Retrieved from: h�p:// www.epa.gov/lean/environment/ 

toolkits/energy/resources/LeanEnergy-Toolkit.pdf 

12. Androniceanu, A., Enache, I. C., Valter, E. N., & Raduica, F. F. Increasing energy efficiency based on the 

kaizen approach. Energies 2023, 16 (4), 1930. 

13. Gogula, V., Wan, H.D., Kuriger, G. Impact of lean tools on energy consumption. Sistemas and Telemática 

2011, 9(19), 33-53. 

14. Salah S.A., Mustafa A. Integration of Energy Saving with Lean Production in a Food Processing 

Company. Journal of Machine Engineering 2021;21(4):118-133. doi:10.36897/jme/142394 

15. Baysan S., Kabadurmus O., Cevikcan E., Satoglu S.I., Durmusoglu M.B., A simulation-based methodology 

for the analysis of the effect of lean tools on energy efficiency: An application in power distribution 

industry. Journal of Cleaner Production 2019, Volume 211, 895-908. 

16. Heravi, G., Rostami, M., Kebria, M. F. Energy consumption and carbon emissions assessment of integrated 

production and erection of buildings’ pre-fabricated steel frames using lean techniques. Journal of Cleaner 

Production 2020, 253, 120045. 

17. Gonce, A., & Somers, K. Lean for green manufacturing. McKinsey & Company Report 2010. 

18. Kuriger, G., Chen, F. Lean and green: A current state view. Proceedings of the Industrial Engineering 

Research Conference 2010. 

19. Phong, T. L., Minh, N. D. Integration of Lean Methodology and Energy Management in Wooden 

Industry. International Journal of Energy Economics and Policy 2022, 12(5), 124–131. 

20. Po�hoff L., Gunnemann L. Resilience of Lean Production Systems: A Systematic Literature Review, 

Procedia CIRP, Volume 120, 2023, 1315-1320. 

21. Fiorello, M., Gladysz, B., Corti, D., Wybraniak-Kujawa, M., Ejsmont, K., Sorlini, M. Towards a smart lean 

green production paradigm to improve operational performance. Journal of Cleaner Production 2023, 413, 

137418.  

22. Apak, S., Üngör Tuncer, G., Atay, E. Hydrogen economy and innovative Six sigma applications for energy 

efficiency. Procedia Social and Behavioral Sciences 2012, 41, 410-417. 

23. Ebirim W., Montero D. J. P., Ani E. Ch., Ninduwezuor-Ehiobu N., Usman F. O., Olu-lawal K. A. The role 

of agile project management in driving innovation in energy-efficient HVAC solutions. Engineering 

Science & Technology Journal 2024, 5(3), 662-673. 

24. Ghorbanioskalaei, E.; Herrera, E.M.; Ammouriova, M.; Juan, A.A. On the Use of Agile Optimization for 

Efficient Energy Consumption in Smart Cities’s Transportation and Mobility. Future Transp. 2022, 2, 868–

885. 

25. Maryniak, A. Building Resilience A�ributes of Supply Chains from the Perspective of their Types. 

Management Systems in Production Engineering 2022, 30 (3), 253-261.  

26. Peñaloza G.A., Formoso C.T., Saurin T.A. Safety Performance Measurement Systems Based on Resilience 

Engineering, Walsh K., Sacks R., Brilakis I. (Eds.), LC3 2017 Volume II – Proceedings of the 25th Annual 

Conference of the International Group for Lean Construction (IGLC), Heraklion 2017, 903-910. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 February 2025 doi:10.20944/preprints202502.1513.v1

https://doi.org/10.20944/preprints202502.1513.v1


 19 of 20 

 

27. Amjad M.S., Rafique M.Z., Khan M.A., Modern divulge in production optimization: an implementation 

framework of LARG manufacturing with Industry 4.0. International Journal of Lean Six Sigma 2021, 12 (5), 

992-1016. 

28. Hundal, G. S., Thiyagarajan, S., Alduraibi, M., Laux, C. M., Furterer, S. L., Cudney, E. A., & Antony, J. Lean 

Six Sigma as an organizational resilience mechanism in health care during the era of COVID-19. 

International Journal of Lean Six Sigma 2021, 12(4), 762-783. 

29. Alba-Baena, N. Lean-Sigma as a Strategy in Supply Chain Management During the COVID-19 Pandemic 

Crisis-Lessons Learned. In Supply Chain Management Strategies and Methodologies: Experiences from 

Latin America. Cham: Springer International Publishing 2023, 123-147. 

30. Islam, M. S., Hoque, I., Rahman, S. M., & Salam, M. A.. Evaluating supply chain resilience using supply 

chain management competencies in the garment industry: a post COVID analysis. Journal of Industrial and 

Production Engineering 2023, 40 (5), 323-342. 

31. Kuiper, A., Lee, R. H., van Ham, V. J., & Does, R. J. A reconsideration of Lean Six Sigma in healthcare after 

the COVID-19 crisis. International Journal of Lean Six Sigma 2022, 13(1), 101-117. 

32. Muhammad, N., Upadhyay, A., Kumar, A., & Gilani, H. Achieving operational excellence through the lens 

of lean and Six Sigma during the COVID-19 pandemic. The International Journal of Logistics Management 

2022, 33(3), 818-835. 

33. De Marchi, M., Friedrich, F., Riedl, M., Zadek, H., & Rauch, E. Development of a Resilience Assessment 

Model for Manufacturing Enterprises. Sustainability 2023, 15(24), 16947. 

34. Habibi Rad, M.; Mojtahedi, M.; Ostwald, M.J. The Integration of Lean and Resilience Paradigms: A 

Systematic Review Identifying Current and Future Research Directions. Sustainability 2021, 13, 8893. 

35. Braglia, M., Castellano, D., Gabbrielli, R., Marrazzini, L. Energy Cost Deployment (ECD): A novel lean 

approach to tackling energy losses. Journal of Cleaner Production 2020, 246, 119056. 

36. Riche JP. Leanergy (TM): how lean manufacturing can improve energy efficiency. Chimia (Aarau) 2013, 67 

(10),700-2. 

37. Seryak, J., Epstein, G. and D’Antonio, M. Lost Opportunities in Industrial Energy Efficiency: New 

Production, Lean Manufacturing and Lean Energy, Proceedings of the Twenty-Eighth Industrial Energy 

Technology Conference, New Orleans, LA, 2006, 9-12 May. 

38. Krix, J., Aydin, S. Lean Energy Management for Efficient Energy Usage. ATZ Autotechnol 2011, 11, 58–63. 

39. Wen X., Cao H., Hon B., Chen E., Li H. Energy value mapping: A novel lean method to integrate energy 

efficiency into production management. Energy 2021, 217, 119353. 

40. Arana-Landín, G.; Uriarte-Gallastegi, N.; Landeta-Manzano, B.; Laskurain-Iturbe, I. The Contribution of 

Lean Management—Industry 4.0 Technologies to Improving Energy Efficiency. Energies 2023, 16, 2124. 

41. Kaswan, M. S., Rathi, R., Antony, J., Cross, J., Garza-Reyes, J. A., Singh, M., Sony, M. Integrated Green Lean 

Six Sigma-Industry 4.0 approach to combat COVID-19: from literature review to framework development. 

International Journal of Lean Six Sigma 2023, 50-79. 

42. D Powell, E Lodgaard, MF. Mogos, Quick-Scan – Towards a Strategy for Responsive and Resilient Value 

Chains, Procedia CIRP, 104 (2021), pp. 1355-1360. 

43. Costa, F., Alemsan, N., Bilancia, A., Tortorella, G. L., Staudacher A. P. Integrating industry 4.0 and lean 

manufacturing for a sustainable green transition: A comprehensive model. Journal of Cleaner Production 

2024, 465, pp.142728. 

44. Zhou, P.; Han, M.; Shen, Y. Impact of Intelligent Manufacturing on Total-Factor Energy Efficiency: 

Mechanism and Improvement Path. Sustainability 2023, 15, 3944. 

45. Chu Z., Zhang Z., Tan W., Chen P., Revolutionizing energy practices: Unleashing the power of artificial 

intelligence in corporate energy transition. Journal of Environmental Management 2024, 357, 120806, 

46. Song M., Pan H., Vardanyan M., Shen Z., Evaluating the energy efficiency-enhancing potential of the digital 

economy: Evidence from China, Journal of Environmental Management. 344, 2023, 118408. 

47. Trabucco M., De Giovanni P., Achieving Resilience and Business Sustainability during COVID-19: The Role 

of Lean Supply Chain Practices and Digitalization, Sustainability 2021,13 (22), 12369. 

48. Albalushi, J., Mishra, R., & Abebe, M. (). Supply Chain Resilience Meets Quality Management. International 

Journal of Professional Business Review 2023, 8 (12), 1–21. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 February 2025 doi:10.20944/preprints202502.1513.v1

https://doi.org/10.20944/preprints202502.1513.v1


 20 of 20 

 

49. Reyes J., Mula J, Madroñero MD., Development of a conceptual model for lean supply chain planning in 

industry 4.0: multidimensional analysis for operations management, Production Planning & Control 2021, 

34:12, 1209-1224. 

50. Springer India-New Delhi. Maintaining quality, saving energy, improving efficiency. Auto Tech Rev 2016, 

5, 72–75.  

51. Toyota Motor Corporation Is Driving The Trend to Carbon Neutrality , by Ken Silverstein | Feb 17, 2023. 

Available online: h�ps://www.environmentenergyleader.com/2023/02/toyota-motor-corporation-is-

driving-the-trend-to-carbon-neutrality/) (accessed on 11 07 2024)  

52. McKinsey Quarterly, Bringing lean thinking to energy, February 1, 2014| Article, By Markus Hammer, Paul 

Ru�en, and Ken Somers. Available online: h�ps://www.mckinsey.com/capabilities/operations/our-

insights/bringing-lean-thinking-to-energy. (accessed on 11 07 2024). 

53. Milewska, B.; Milewski, D. The Impact of Energy Consumption Costs on the Profitability of Production 

Companies in Poland in the Context of the Energy Crisis. Energies 2023, 16, 6519. 

h�ps://doi.org/10.3390/en16186519 

54. Financial reports of Companies 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 February 2025 doi:10.20944/preprints202502.1513.v1

https://doi.org/10.20944/preprints202502.1513.v1

