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1.0      INTR ODU CTION  

 

Currently, as expressed in the Kyoto Protocol, we need to create an 
environmentally sustainable society which would help in fulfilling our 
present needs without affecting the future generation [1]. The environmental 
effects like climate changes and the carbon emissions are some major 
environmental problems that have to be taken care on a priority [2]. SMEs 
form the backbone of a country’s economic growth [3]. They are seen to play a 
very important role globally [4] and can be launched in any of the urban or 
rural localities for conducting any business [5]. However, they cannot easily 
comply with the environmental legislations as compared to the larger 
industries [6-8]. A better awareness for carrying out sustainable practices 
amongst the businesses is very important for broadening their attention from 
an economic well being to encompass the societal and environmental aspects 
[9-12].  
 
CP is a technique used for minimizing waste and environmental pollution 
[13-14] while LM makes the manufacturing process more efficient while 
decreasing the waste elimination in every production stage [15-18]. 
Furthermore, CP also improves the environmental production process by 
further adopting a more precautionary manner and seeks to decrease the 
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environmental waste and its generation [19]. The VSM technique was 
originated from Toyota Production System, and is an essential process used in 
LM for waste identification [20-21]. In this method, all actions, i.e., Value-
Added (VA) or Non-Value Added (NVA), are mapped, which are necessary 
for passing the products through the major flow processes, or the production 
flow through which a raw product passes before going to the customer or 
even passes the designing flow from its basic concept to the final presentation 
[22].  
 
The traditional VSM process does not consider the societal or the 
environmental metrics that are essential for determining the production line 
sustainability. When the VSM is capable to visually determine the 
environmental and the societal performance, it is seen to increase its 
usefulness as a LM tool [23] and improves the CP implementation. This study 
has presented a complete framework for developing the case study, which 
implemented the CP using VSM. The main objective of our study was to 
develop the Current State Map (CSM) and determine the different wastes 
(environmental, economic and societal metrics) which were identified using 
the CSM. Our results could be used as a basic input for generating the Future 
State Maps (FSM) for an improved technique.  
 

 
2.0      RESEARCH BACKGROUND 
 

The LM and the green manufacturing processes have presented fuzzy 
evidence regarding their association with the sustainable manufacturing and 
production [24-25], which is an approach that ensures a manageable and 
viable future industrial development [26]. Furthermore, the Lean practitioners 
and the Environmentalists currently practice “in-silo” [27] activities. It is seen 
that great benefit can be obtained for the business if all the activities are 
grouped together.  
 
The environmental wastes are not easily visualized and along with lean 
wastes, it is known as the Seven Deadly Wastes [28]. Learning to reduce the 
environmental waste helps in improving business and also improves the Lean 
results, thus providing many environmental benefits [29-33]. In Malaysia, the 
Guidelines laid by the Malaysian Dept. of Environment, 2014 is limited to CP 
activity and focused on the general evidence for the CO2 quantification which 
are difficult to be implemented in the mainstream processes and present a 
difficulty while performing the Kaizen activities [34-35]. One other toolkit was 
also developed which discussed the energy consumption with the help of the 
VSM process [28]. USEPA suggests that the industries must observe and 
assess the energy consumption while carrying out in-house energy audits [28]. 
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Added (VA) or Non-Value Added (NVA), are mapped, which are necessary 
for passing the products through the major flow processes, or the production 
flow through which a raw product passes before going to the customer or 
even passes the designing flow from its basic concept to the final presentation 
[22].  
 
The traditional VSM process does not consider the societal or the 
environmental metrics that are essential for determining the production line 
sustainability. When the VSM is capable to visually determine the 
environmental and the societal performance, it is seen to increase its 
usefulness as a LM tool [23] and improves the CP implementation. This study 
has presented a complete framework for developing the case study, which 
implemented the CP using VSM. The main objective of our study was to 
develop the Current State Map (CSM) and determine the different wastes 
(environmental, economic and societal metrics) which were identified using 
the CSM. Our results could be used as a basic input for generating the Future 
State Maps (FSM) for an improved technique.  
 

 
2.0      RESEARCH BACKGROUND 
 

The LM and the green manufacturing processes have presented fuzzy 
evidence regarding their association with the sustainable manufacturing and 
production [24-25], which is an approach that ensures a manageable and 
viable future industrial development [26]. Furthermore, the Lean practitioners 
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results, thus providing many environmental benefits [29-33]. In Malaysia, the 
Guidelines laid by the Malaysian Dept. of Environment, 2014 is limited to CP 
activity and focused on the general evidence for the CO2 quantification which 
are difficult to be implemented in the mainstream processes and present a 
difficulty while performing the Kaizen activities [34-35]. One other toolkit was 
also developed which discussed the energy consumption with the help of the 
VSM process [28]. USEPA suggests that the industries must observe and 
assess the energy consumption while carrying out in-house energy audits [28]. 

Furthermore, the USEPA also encourages the energy efficiency using visual 
controls like energy dashboards for determining if the industries have 
fulfilled the energy goal. Many studies have been carried out which describe 
the sustainability measurement which is carried out in several ways for 
improving the VSM in combination with the environmental and societal 
metrics. Learning to reduce the environmental waste helps in improving 
business and also improves the Lean results, thus, providing many 
environmental benefits [29-33]. In Malaysia, over the past few years, many CP 
implementations or known as the Green Industry audits, are applied as per 
the Guidelines [34]. However, these Guidelines need a general evidence for 
the CO2 emission activities [35] which are difficult to be implemented in the 
mainstream processes and present a difficulty while performing the Kaizen 
activities.  
 
 
3.0      LITERATURE REVIEW 

 

For enhancing the efficacy of the lean implementation and addressing the 
issue regarding the environmental wastes, the USEPA creates a massive lean 
and environmental toolkit. The environmental waste can be described as 
unnecessary usage of the resources or substances that are released into the 
environment which could affect human or animal health [27]. One other 
toolkit is also developed which discusses the energy consumption with the 
help of the VSM process [28]. 
 
USEPA suggests that the industries must observe and assess the energy 
consumption while carrying out in-house energy audits [28]. Furthermore, the 
USEPA also encourages the energy efficiency using visual controls like energy 
dashboards to determine if the industries have fulfilled the energy goal. 
Similar to the earlier USEPA toolkit [27], the above method does not mention 
the way to visualize and track several metrics simultaneously using one VSM. 
After visualizing and tracking the environmental metrics like the water or 
material usage, in addition to the general VSM metrics, the industries can 
identify and decrease the environmental wastes. Many studies have been 
carried out which describe the sustainability measurement which is carried 
out in several ways for improving the VSM in combination with the 
environmental and societal metrics [36-44]. The EE-VSM technique proposes a 
lean sustainable process for a real-time dashboard,  coupled with constant 
improvement of the chosen sustainability metrics [43]. However, water or 
energy consumption, material usage, and CO2 are emitted during the 
procedure which exclude the energy which is consumed while transporting 
during specialty storage and does not also consider the societal and 
environmental metrics for validating the case study. 
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Table 1: Summary of the extended VSM technique which measures the 
sustainable performance 

 
Tool E1 E2 S Source 

Sustainable VSM (SVSM) √ √  X Simon & Mason, [37]. 

EPA Lean and Environmental 
Toolkit 

√ √ X US EPA, [27]. 

EPA Lean and Energy Toolkit √ √  X US EPA, [28]. 

Environmental VSM (EVSM) √ √  X Torres & Gati, [40]. 

Sustainable Value Chain Map 
(SVCM) 

√ √  X Fearne & Norton, [39]. 

Sustainable Manufacturing 
Mapping (SMM) 

√ √  X Paju et al., [42]. 

Energy & Environment VSM (EE-
VSM) 

√ √  X Kuriger & Chen, [41]. 

Lean Sustainable Production 
Assessment Tool 

√ √  X Kuriger et al., [43]. 

Green VSM √ √  X Dadashzadeh & Wharton [46]. 

Sustainable VSM (Sus-VSM) √ √  √ Faulkner et al., [44],  
Brown et al., [45]. 

*Notes: E1-Economic, E2- Environment & S – Social. 
 
A study [40] described an EVSM technique which analyzes water 
consumption. However, they do not provide any explanation for the 
differences noted between the 2 sustainability pillars. The sustainability using 
VSM has been measured in many ways by various authors, i.e., SVCM 
[36,38,39]; SVSM [37]; and the SMM [42]. However, all these techniques have 
described some major limitations. The recently-developed Sus-VSM toolkits 
[44,45] are to be very accessible and they have added an EPA stamp for 
identifying the processes using EHS (Environmental, Health, and Safety).  
 
Table 1 summarizes the results published earlier which have extended the 
VSM technology and developed a sustainable application of VSM, and also 
described their coverage along with the limitations seen, with regards to 
incorporating the sustainable measurement. The Table presents a ‘√’sign, 
which indicates a specific aspect described in the cited article, while ‘X’ 
indicates the article that has not mentioned that specific aspect.  
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4.0      M E T H O D O L O G Y   
 

Similar to the traditional VSM approach used for the identification of the 
Kaizen activities [47], the CPVSM process must also incorporates the various 
sustainability metrics for observing the sustainability performance and 
identifying the opportunities to improve them. In order to analyze the 
sustainability process using the VSM approach in our study, the frameworks 
used was similar to those proposed earlier by respective authors [44,45]. 
Additionally, the CPVSM model could be applied in addition to [27] and its 
toolkits [28] then re-engineered based on the Malaysian Green Industry Audit 
Guidelines [34], which acts as the standard for formulating the CO2 
equivalent emission, i.e., kgCO2e quantification.  

 
Table 2: Summary of the comparison criteria investigated in the traditional 

VSM and CPVSM approaches 
 

Criteria 
Previous 
Extended 

VSM [36-46] 
CPVSM Metric 

Type 

Cycle time + + E1 
Change over time + + E1 

Uptime + + E1 
Number of operators + + E1 

Raw water consumption x + E2 
Electricity consumption x + E2 

Fuel consumption x + E2 
Waste water generation x + E2 
Solid waste generation x + E2 

Noise level x + S 
Job hazard x + S 

Note; ‘+’sign indicated that a specific item was included, whereas ‘x’ sign indicated that it was 
not present.  
 
 
Data collection for this study was performed through observation, 
documentation audit, estimation and field measurement to collect the 
potential sustainable wastes in the respective plants. 
 
Table 2 presents the comparison of the criteria applied in the previous VSM 
and CPVSM approaches. Two case studies were also conducted at the E-
Waste Recovery and Chromate Plating Plants, and the main process has been 
described in Figures 2 and 3. In these figures, the author discussed the 
differences in the implementation while carrying out the CPCSM survey and 
then determining the sustainable wastes (i.e., Economic, Environmental, and 
Societal). 
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Figure  2: ABC recycling process 

 
Figure 3: DEF Chromate plating process 

The case study has outlined further details of the particular data collection 
technique in our case study based on the direct observation and estimation, 
which helped us collect data about cycle times, number of operators, 
inventories, and all the CPVSM-related metrics. Furthermore, an assessment 
has been carried out through observing the production process and 
identifying the relative activities and problems.  
 
As shown in Figure 4, there are 5 steps for obtaining the flow of information 
in our process, machine specifications, production capacities, water usage, 
electricity usage and the fuel information in addition to the solid and waste 
generation, noise levels and job hazards, which is shown in Figure 5. 
Furthermore, the waste data like the solid waste, waste waters and toxic 
waste were also taken into consideration and improved using the economic 
waste data with the help of all CSM steps. However, if under certain 
circumstances, the observation data were difficult to collect, the observable 
parameters could be assumed or estimated and the necessary data could be 
calculated using Equation (1) as follows:  

 
∑CO2e(KgCO2) = CEF x unit of entity                        (1) 

 

 
Figure 4: Research methodology framework 

 
       Figure 5: CPVSM conceptual platform 

 

5.0        RESULTS AND DISCUSSION 
 

This study describes a methodology for developing a sustainable CPVSM 
approach that includes several metrics for evaluating the economic 
performance along with the environmental and societal performances for any 
manufacturing line. Different metrics have been selected for assessing the 
production process, machine specifications, production capacity, water and 
electricity usage, fuel-related data along with waste information for solid and 
water wastes, noise levels, and job hazards for the employees.  
 
Figures 6 and 7 describe the major characteristics for the economic values of 
the cycle times in both the studied plants, which consisted of the Non Value-
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Added (NVA) time and the Value-Added (VA) time improvements. The 
study noted that there was a 50% improvement in the NVA for the crushing 
process used in the ABC Recycling Plant whereas an overall 37.27 % 
improvement was noted for the DEF Plating Plant, from 11 to 6.9 days of the 
waiting time using the Kaizen activities.  

 
Figure 6: NVA for ABC recycling plant 

 

Figure 7: NVA for DEF plating plant 

From the data in Table 3 & 4, a very clear trend for the VA is decreased by 
enhancing the process used in the workstations. One of the major 
improvements in the dewatering procedure was seen after reducing 50% of 
the cycle time, in the ABC Recycling Plant. Furthermore,  standardizing the 
plating process, surprisingly, was able to decrease the VA in the Chrome 
Plating Plant from 4041 to 3232 minutes for every batch. Thus, from our 
study, it must be noted that all environmental metrics could be estimated by 
applying the CPVSM approach. This was an unexpected result which 
suggested that the economic metric improvement was concurrently beneficial 
as it decreased the CO2 equivalent emission after using the Kaizen activities. 
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Table 3: Value-Added Time improvement seen at ABC recycling plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Crushing 92 64 +30.43% 

Powderising 29 29 - 

Separator 120 66 +45.00% 

Dewatering 10800 5400 +50.00% 

Packaging 26 26 - 

Table 4: Value-Added Time improvement seen at DEF plating plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Chromate 
Plating 

4041 3232 +20.00% 

Air Blower 37 28 +24.32% 

Curing 55 44 +20.00% 

Packaging  41 41 - 

 
Figures 8 and 9 have illustrated the estimation and decrease in CO2 equivalent 
emission for all the workstations. Our results concluded that: the 
improvement in the electricity consumption could be difficult after applying 
the minimal monetary Kaizen programs in ABC Recycling but it could be 
achieved by high cost investment i.e., machine & process modification and 
proper PM procedure; however, the study also showed the improvement of 
water and solid waste generation using some inexpensive Kaizen activities 
such as 5S and FIFO in DEF Plating was possible. 

 

Figure 8: Environmental improvement in ABC recycling plant 

Table 3: Value-Added Time improvement seen at ABC recycling plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Crushing 92 64 +30.43% 

Powderising 29 29 - 

Separator 120 66 +45.00% 

Dewatering 10800 5400 +50.00% 

Packaging 26 26 - 

Table 4: Value-Added Time improvement seen at DEF plating plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Chromate 
Plating 

4041 3232 +20.00% 

Air Blower 37 28 +24.32% 

Curing 55 44 +20.00% 

Packaging  41 41 - 

 
Figures 8 and 9 have illustrated the estimation and decrease in CO2 equivalent 
emission for all the workstations. Our results concluded that: the 
improvement in the electricity consumption could be difficult after applying 
the minimal monetary Kaizen programs in ABC Recycling but it could be 
achieved by high cost investment i.e., machine & process modification and 
proper PM procedure; however, the study also showed the improvement of 
water and solid waste generation using some inexpensive Kaizen activities 
such as 5S and FIFO in DEF Plating was possible. 

 

Figure 8: Environmental improvement in ABC recycling plant 

Table 3: Value-Added Time improvement seen at ABC recycling plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Crushing 92 64 +30.43% 

Powderising 29 29 - 

Separator 120 66 +45.00% 

Dewatering 10800 5400 +50.00% 

Packaging 26 26 - 

Table 4: Value-Added Time improvement seen at DEF plating plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Chromate 
Plating 

4041 3232 +20.00% 

Air Blower 37 28 +24.32% 

Curing 55 44 +20.00% 

Packaging  41 41 - 

 
Figures 8 and 9 have illustrated the estimation and decrease in CO2 equivalent 
emission for all the workstations. Our results concluded that: the 
improvement in the electricity consumption could be difficult after applying 
the minimal monetary Kaizen programs in ABC Recycling but it could be 
achieved by high cost investment i.e., machine & process modification and 
proper PM procedure; however, the study also showed the improvement of 
water and solid waste generation using some inexpensive Kaizen activities 
such as 5S and FIFO in DEF Plating was possible. 

 

Figure 8: Environmental improvement in ABC recycling plant 

Table 3: Value-Added Time improvement seen at ABC recycling plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Crushing 92 64 +30.43% 

Powderising 29 29 - 

Separator 120 66 +45.00% 

Dewatering 10800 5400 +50.00% 

Packaging 26 26 - 

Table 4: Value-Added Time improvement seen at DEF plating plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Chromate 
Plating 

4041 3232 +20.00% 

Air Blower 37 28 +24.32% 

Curing 55 44 +20.00% 

Packaging  41 41 - 

 
Figures 8 and 9 have illustrated the estimation and decrease in CO2 equivalent 
emission for all the workstations. Our results concluded that: the 
improvement in the electricity consumption could be difficult after applying 
the minimal monetary Kaizen programs in ABC Recycling but it could be 
achieved by high cost investment i.e., machine & process modification and 
proper PM procedure; however, the study also showed the improvement of 
water and solid waste generation using some inexpensive Kaizen activities 
such as 5S and FIFO in DEF Plating was possible. 

 

Figure 8: Environmental improvement in ABC recycling plant 

Table 3: Value-Added Time improvement seen at ABC recycling plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Crushing 92 64 +30.43% 

Powderising 29 29 - 

Separator 120 66 +45.00% 

Dewatering 10800 5400 +50.00% 

Packaging 26 26 - 

Table 4: Value-Added Time improvement seen at DEF plating plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Chromate 
Plating 

4041 3232 +20.00% 

Air Blower 37 28 +24.32% 

Curing 55 44 +20.00% 

Packaging  41 41 - 

 
Figures 8 and 9 have illustrated the estimation and decrease in CO2 equivalent 
emission for all the workstations. Our results concluded that: the 
improvement in the electricity consumption could be difficult after applying 
the minimal monetary Kaizen programs in ABC Recycling but it could be 
achieved by high cost investment i.e., machine & process modification and 
proper PM procedure; however, the study also showed the improvement of 
water and solid waste generation using some inexpensive Kaizen activities 
such as 5S and FIFO in DEF Plating was possible. 

 

Figure 8: Environmental improvement in ABC recycling plant 

Table 3: Value-Added Time improvement seen at ABC recycling plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Crushing 92 64 +30.43% 

Powderising 29 29 - 

Separator 120 66 +45.00% 

Dewatering 10800 5400 +50.00% 

Packaging 26 26 - 

Table 4: Value-Added Time improvement seen at DEF plating plant by 
applying the CPVSM approach 

Process Before (min) After (min) Δ 

Chromate 
Plating 

4041 3232 +20.00% 

Air Blower 37 28 +24.32% 

Curing 55 44 +20.00% 

Packaging  41 41 - 

 
Figures 8 and 9 have illustrated the estimation and decrease in CO2 equivalent 
emission for all the workstations. Our results concluded that: the 
improvement in the electricity consumption could be difficult after applying 
the minimal monetary Kaizen programs in ABC Recycling but it could be 
achieved by high cost investment i.e., machine & process modification and 
proper PM procedure; however, the study also showed the improvement of 
water and solid waste generation using some inexpensive Kaizen activities 
such as 5S and FIFO in DEF Plating was possible. 

 

Figure 8: Environmental improvement in ABC recycling plant 



Journal of Advanced Manufacturing Technology

56 eISSN: 2289-8107        Special Issue (TMAC) Symposium 2017

Journal of Advanced Manufacturing Technology 

 

 
 

 

Figure 9: Environmental improvement in DEF plating plant 

Table 5 also shows that societal metrics for the two plants studied, along with 
the 4 major components of the job hazard have improved after using the 
CPVSM approach. 

Table 5: Improvement of the Job hazards in the two companies 

Before After 

  

  

 
 
 
 

Journal of Advanced Manufacturing Technology 

 

 
 

 

Figure 9: Environmental improvement in DEF plating plant 

Table 5 also shows that societal metrics for the two plants studied, along with 
the 4 major components of the job hazard have improved after using the 
CPVSM approach. 

Table 5: Improvement of the Job hazards in the two companies 

Before After 

  

  

 
 
 
 

Journal of Advanced Manufacturing Technology 

 

 
 

 

Figure 9: Environmental improvement in DEF plating plant 

Table 5 also shows that societal metrics for the two plants studied, along with 
the 4 major components of the job hazard have improved after using the 
CPVSM approach. 

Table 5: Improvement of the Job hazards in the two companies 

Before After 

  

  

 
 
 
 

Journal of Advanced Manufacturing Technology 

 

 
 

 

Figure 9: Environmental improvement in DEF plating plant 

Table 5 also shows that societal metrics for the two plants studied, along with 
the 4 major components of the job hazard have improved after using the 
CPVSM approach. 

Table 5: Improvement of the Job hazards in the two companies 

Before After 

  

  

 
 
 
 



Cleaner Production Implementation  using Extended Value Stream Mapping for Enhancing the
Sustainability of Lean Manufacturing

57eISSN: 2289-8107        Special Issue (TMAC) Symposium 2017

6.0        CONCLUSION 
 

In conclusion, the results have shown that the proposed CPVSM approach for 
sustainability measurement is a good technique to be used in the 
manufacturing sector. This technique helps in the easy visualization of the 
economic and the environmental wastes along with improving the Kaizen 
activities. The study also verifies that the implementation of the CPVSM 
approach could enhance the societal benefits and needs a minimal cost and 
effort for its performance. Future works can determine the application of the 
CPVSM approach, especially in assisting the local SME’s in the maintenance 
of the business.  
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