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Abstract 

Value Stream Mapping (VSM) is proposed in this paper, which blends Lean, Energy, and Six-Sigma approaches in the 
manufacturing business. Value-added and non-value-added approaches to determining energy use and waste are incorporated into the 
Lean VSM tool. An entropy-based mathematical model is constructed and a Lean-Energy-Six Sigma Value Stream Mapping 
(LESSVSM) is offered in order to identify the largest rejection or rework at a workstation. Temperature and energy may be measured 
from input to output using this approach in product manufacture. On a four-workstation manufacturing system, the model has been 
tested. Rework and rejection can be minimised by implementing the proposed LESSVSM model, which reduces energy and waste. 
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Introduction 

A number of environmental issues have been exacerbated as a result of industrialisation, which has brought civilization to 
greater wealth. Electricity absorption is one example. Businesses that have a direct impact on the climate are under increasing pressure 
to improve their energy efficiency. EVSM (Energy Value Stream Mapping) has been added to VSM to provide a new energy stream 
mapping method (Value Stream Mapping). The EVSM measures energy usage and waste during the entire process, allowing for 
chances to save energy. Use the EVSM model for diagnostic, energy budgeting and financial objectives.[1] However, even though 
EVSM can help to reduce non-value-added energy usage, it is not enough to achieve more sustainable production. If you're interested 
in tracking changes in parameters, the entropic formulation provides an excellent trend indicator, but it doesn't provide an accurate 
prediction of the final values. 

 
Business challenges for manufacturers include operating with high levels of flexibility and efficiency and adaptability in the 

face of product and process complexity as well as the need to quickly develop high-quality low-cost, smart mass-customized products 
at a reasonable cost while reducing energy and resources consumption. For survival in this situation, reconfigurability is essential via 
extensive use of automation, computer systems, and software. They must not only respond to but also forecast the issues that they 
face. It's time to look for fresh ways to think about behaviour and strategy. An industrial business with a significant inertia log is 
particularly affected by this condition.[2] 
 

There are three main layers of sustainable manufacturing, as depicted in Figure 1: the product, process, and system levels. 
The interplay of these levels gives a sustainable aim. It is the new 6R approach (i.e., re-duce; redesign; reuse; cover; re-manufacture; 
and recycle) rather than the 3R approach (i.e., reduce, reuse, and recycle) that is being used in the context of sustainable 
manufacturing. This is because it theoretically achieves a closed loop and multiple life-cycle paradigms. [3-5] Using an efficient 
supply chain system that considers all life-cycle stages (i.e. pre-manufacturing, manufacture, use, and post-use) and an optimised 
technological process in conjunction with an effective process planning methodology results in a sustainable system at the process 
level. 

 
Fig.1 Sustainable manufacturing levels. 
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In today's world, energy-efficient manufacturing is a critical component of sustainable development. It's becoming 
increasingly difficult for manufacturers to meet the demands of their customers for energy-efficient and environmentally friendly 
production methods, which necessitate new ways to produce "more with less" as a result. With the inclusion of energy components as 
EVSM (Energy Value Stream Mapping) to VSM, a new and improved approach for mapping energy streams has been established 
(Value Stream Mapping). [6] The EVSM measures energy usage and waste during the entire process, allowing for chances to save 
energy. The EVSM model can be used for diagnostic, energy budgeting, and economic applications. EVM helps reduce non-value-
added energy usage, but this alone is not enough to produce a more sustainable manufacturing process. For this, entropy is being 
incorporated into the current work, as well as energy. [7-10] 

 
Furthermore, entropy-based energy equations are created. The equation identifies the stations where attention is needed to 

determine the energy of rejection and the energy necessary for rework. This equation aids in making the best possible judgments in the 
process of environmental sustainability. The entropy equation can be used to build a model of product manufacturing that includes 
four operations (i.e., four workstations). The suggested Lean Energy Six Sigma VSM (LESSVSM) model assumes that rework and 
rejection at any point in the system would lead to an increase in entropy of the universe.[11] 

 
Fig.2 Manufacturing System 

 
When analysing the value creation process, a business process model should be used as the starting point, rather than the 

business model, because it is more detailed and provides a more complete picture of how the value is created. However, there is no 
qualitative assessment to show how Industry 4.0 contributes to sustainable value creation.[12] Ideally, sustainability is regarded a 
commercial aspect of Industry 4.0 and is considered one of the business model elements. As part of Industry 4.0's revenue model, it 
has been said that Industry 4.0 only addresses the issue of sustainability if its advantages also have an economic value. 

 
Systemic sustainability of manufacturing 

Agile systems are open, adaptable, and complicated in design. Manufacturing systems do not follow thermodynamic 
principles of nondecreasing entropy for close systems. Manufacturing systems are open systems, from raw materials to energy, from 
information to engineered products. This is a significant factor in determining their long-term viability. Sustainable development can 
be defined using the following formula (Gallopin 1996), based on V as an output valuation function, and Ot as an output vector at time 
t. 

V(O ) ( ) 
 

Good manufacturing systems are envisioned as providing goods of high quality, cheap cost, and rapid production under 
schemes of continual variety change for customer satisfaction. Our goal is to create an internal configuration that is easy to understand 
and has a lot of similarity across its pieces, so that it doesn't have a lot of different state options. [13-16] As a result, a sustainable 
manufacturing system exchanges its goods, energy, and disposals at low internal entropy with the market and the environment. A 
manufacturing system's sustainability can be defined thusly: 

Sustainability(t) = S(O ) =
ΔV(O )

ΔH(O )
 

 
The sustainability of a system can be improved by increasing its utility and/or reducing its internal complexity. It is also 

possible to model flexibility and complexity as a dissipative system using a thermodynamic analogy. For a system to be valuable, it 
must be capable of exchanging a certain amount of energy with other systems. 
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Objectives 
 The purpose of this is to learn the application of the industry 4.0 paradigm, notably the usage of high energy-efficiency 

systems, is seen as a possible advantage to sustainability. 
 The purpose of this study is to conduct an energy-efficiency analysis, which involves doing energy consumption what-if 

analysis (where simulation is an appropriate approach) 
 Eco-efficient manufacturing processes—a key component of sustainability—means producing "more with less," by adopting 

energy-efficient, value creation process chains. 
 
Review of Research 

An effective method must be devised to support decisions in order to increase customisation while preventing manufacturing 
complexity, according to Alford et al. (2000). In order to achieve system sustainability, we extend this technique. Assessment of 
flexibility, complexity, and sustainability have all received some attention (Filippini et al. 1998; Ward et al. 1998; Calvo et al. 2003; 
Domingo and Efstathiou 2005; Frizelle and Efstathiou 2002; Calvo et al. 2006; Frizelle and Efstathiou 2002; Calvo et al. 2006). 
(Gallopin 1996, Wall and Gong 2001). 

 
Flexibility can be quantified using the utility theory (Keeney and Ruiffa 1976). This approach has been used in different 

manufacturing systems by authors (Calvo et al. 2003). (Domingo et al. 2005, Calvo et al. 2006). Quantifying the contributions of 
productive aspects to agility is made possible because of the decision-utility. maker's These factors (such as cost, quality, and delivery) 
might be considered mutually preferable independent of each other in this model This is of particular interest in industrial 
manufacturing systems, and can be easily implemented. Frizelle and Efstathiou use entropy to measure complexity (2002). We came 
up with a novel way to combine the system's flexibility and intricacy. 

 
According to Tjahjono and coworkers, in order to sustainably succeed in the mass customization market, it is necessary for 

Industry 4.0 to quickly identify the client wants, to simplify the customisation process and ensure—at no additional cost–the 
production system reconfigurability. Consequently, the integration of plug-and-produce, completely automated, computerised, and 
very cost-effective CPS units is required at the operational level. 

 
For example, Mourtzis et al. suggested an entropic metric to estimate the complexity of a traditional manufacturing system 

before and after the transition to a Production 4.0 manufacturing system. According to Mourtzis et al., complexity can be quantified by 
taking into account the amount of information being managed; the variety of information exchanged; and the content of messages that 
transfer the information (the premise is that increasing any one or all three of these factors significantly increases the system's 
complexity). For the mass customisation paradigm, Martnez-Olvera and Mora-Vargas create the system dynamics model and examine 
the influence flexibility has on the level of met demand with it. 
 
Research Methodology 

An ecosystem's behaviour is influenced by its external environment, the actions of its players, and the interactions they have 
with one other. Quantitatively, entropy is a measure of system disorder. There are many ways that entropy can be implemented 
between actors in an ecosystem, and the more self-organized the actors in this ecosystem are as a result of the greater entropy. 
Increased self-organization and responsibility for long-term sustainability are both correlated with a rise in entropy, which is a 
measure of an actor's freedom from external influence. As part of their proposal, the authors suggest using the entropy and 
Harrington's desirability methods to examine the link between actors and the sustainability of the ecosystem. 

 
Result and Discussion 
Design for Sustainable Manufacturing 

To reach the desired process, product, and system scales, numerous goals should be taken into account while designing for 
sustainable manufacturing. Figure 3 illustrates how the term "design for sustainable manufacturing" can be described as a unique loop, 
which involves the integration of information and substance loops throughout all stages of the life cycle.[17] For sustainable 
manufacturing, the main pillars of product and process design are environmental impact, resource utilisation and economy, 
manufactability, functionality, social impact and the ability to recycle and re-manufacture the product. Recyclability is an important 
aspect of design for sustainable manufacturing. 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2021/10.12.124 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:12(7), December: 2021 

Online Copy of Article Publication Available: www.ijmer.in 
Digital certificate of publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 2nd December   

 Publication Date:31st December 2021 

 

 
16 

 

 
Fig.3 Design for sustainable manufacturing: cycle and elements 

Implementation of Sustainable Manufacturing 
To achieve a sustainable manufacturing system, defining and implementing some practical aspects through the product, 

process, and system levels are required. Some of these aspects are summarized and presented as 
 Using principles of non-hazardous and recyclable materials and inputs 
 Making production operations more efficient by reducing the use of resources and water 
 Making use of energy sources that have minimal impact on the environment, such as solar and wind power; Creating products 

that can be reused, recycled, or remanufactured 
 Expanding the design concepts of using fewer resources and applying easy-to-repair techniques;  
 Making use of well-oiled transportation and supply chain networks 
 According on the level of complexity in implementing the sustainable manufacturing approach, the implementation processes 

vary 

                       
Fig.4 The implementation steps of the sustainable manufacturing approach 

Developing 
work practice 

and maintenance 

Process 
optimization 

Raw material 
substitution 

New 
technologies 

New product 
design 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2021/10.12.124 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:12(7), December: 2021 

Online Copy of Article Publication Available: www.ijmer.in 
Digital certificate of publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 2nd December   

 Publication Date:31st December 2021 

 

 
17 

 

Lean Energy Six Sigma Model 
The Lean Six Sigma (LESS) model is shown in Figure 5. All waste, including energy, is then applied to the system once the 

lean energy is applied. The process is then fine-tuned with six-sigma instruments to reduce uncertainty and eliminate energy 
consumption throughout the product life cycle. By using the tools in the system to accomplish sustainability, LESS (Lean, Energy, 
Six-Sigma) has been dubbed the model's moniker.[18] 

                                
Fig.5 Lean Energy Six Sigma Model 

Value Stream Mapping (VSM) 
Input (angles) are transformed into four products: galvanised angles and cleats with holes stamped and notch. First, raw 

materials (angles) are straightened to remove any bend or distortion that may be present. After this, the angles are subjected to CNC 
operations, which include punching, stamping, and cutting. Galvanization is then applied to all goods following CNC machining. The 
angles and cleats are coated with zinc in galvanization. A product is ready to be packaged when it has completed its production 
process here. [19] Figure 6 depicts the product flow diagram used to create the model, whereas Fig. 7 depicts the current value stream 
mapping of the product (VSM). 

 
Fig.6 Process flow line taken for value stream mapping 
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Fig.7 Current value stream mapping 

 
What we've gathered so far from our existing VSM are the following: machine name, energy (E), cycle times, changeover 

times (C/O). For each process, a cycle time is being calculated based on the number of people involved. As a rule of thumb, five 
cycles of data collection are used to calculate the VSM. Galvanization process cycle times diverge too far from 39 seconds, therefore a 
bottleneck can be shown in Figure 4. When it comes to the supply chain and packaging, they're two different things. Packing is done 
to ensure that products are delivered to clients in good condition. As a result, Fig. 7 does not show packing. [20-23] 

 
Fig.8 The bottleneck in the process line 
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Conclusion 

As a result of the worldwide dynamic competition, consumers are increasingly demanding greater variety, smaller lot sizes, 
and faster cycle times, while yet requiring the ability to build their own products/services without a huge price premium. We've 
developed a new, all-encompassing paradigm for evaluating the interplay between usefulness and flexibility and complexity. There is 
a link between the unpredictability of system modifications and the system's decision-making processes. It's possible that decision 
support systems could benefit from flexibility and complexity when it comes to making decisions in dynamic systems of agile 
manufacturing. The sustainability of agile manufacturing systems has been re-evaluated in light of their dissipative openness. The 
utility function can be used to blend engineering, business, and environmental factors into a systemic approach to sustainability. As 
well as evaluating the system's underlying complexity in addition to the traditional approach to performance. It is possible to perform 
quantitative analysis on subsystems using this general technique, which is independent of the system. Therefore, a thorough 
examination of the production system's sources and sinks of complexity and flexibility can lead to significant improvements. Based on 
utility distributions in the conceivable states of the different system states, the system state parameters, and lastly close to practitioners 
and future industrial use, this method quantifies the system state. 
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