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Abstract 
This thesis is a subtask of the research project “Green Production System”, which is 

jointly launched and run by Volvo/Volvo Technology, Haldex, Saab and All-Emballage 

J.E. AB as industrial party, and Mälardalen University as academic party. The whole 

project is dedicated to develop “green production system” to be a competitive mean to 

Swedish automotive and manufacturing industry through four work packages, which are 

“Wet preconditions and frames of a green production system”, “Visualization of 

environmental impact and added value”, “Development and implementation of tools for 

green control and management” and “Development of guidelines for environmental value 

improvement and cost decrease” respectively. And this thesis is an effort to package 2. 

Value stream mapping is assumed to be a potentially effective tool to be developed for 

visualizing environmental wastes produced by production processes. Thereby, the focus of 

this thesis is on the transformation of VSM into EVSM (Environmental Value Stream 

Mapping).  

By reviewing literature, the reduction of environmental wastes is additionally counted into 

a characteristic of lean production. Meanwhile, seven environmental wastes are identified 

and defined. The development of EVSM is on an absolutely great degree based on the 

identification and measurement of environmental wastes. Thus, waste measurement and 

production data collection are supposed to be the prerequisite of EVSM implementation. 

In order to verify the supposition, a test practice was carried out in CH Industry AB, 

which is a metal processor. After the practical study, CH’s incompetence of working on 

EVSM is analysed, and advice is proposed. 

At the end of thesis, analysis of EVSM is made in terms of its prerequisite, difference 

from VSM, pros and cons, etc. In addition, suggestions for further research are given. 

(Keywords: Green Manufacturing, Environmental Waste, EVSM, Data Collection) 
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1. Introduction 

1.1 Background 

The staffs of National Academy of Engineering (NAE) have ever predicted six grand 

challenges for manufacturing in 2020, among which environmental compatibility ranks 

the fourth position (National Research Council Staff, 1998). The goal of manufacturing 

enterprises will be to make cost-effective, competitive products through processes that do 

not harm the environment, use as much recycled materials for feedstock as possible, and 

create no significant waste, in terms of energy, material or human resources (National 

Research Council Staff, 1998).  

However, the environmental challenge seems to come much earlier than expected. 

Nowadays, people are very much and ever increasingly aware of product safety and 

environmental issues, such as climate change, pollution, natural resources, natural 

diversity and so like. Such concerns have also been raised to an international level in 

forms as negotiations, summits, proceedings and so on. Table 1 shows some conferences 

and negotiations, which have influenced public awareness about the importance of 

environmental matter. 

Time Event 

1986 Uruguay rounds in the GATT
1
 negotiations 

1992 
UN conference on environment and development in Rio de 

Janeiro 

1997 the Kyoto conference 

2002 the conference in Johannesburg 

2009 the conference in Copenhagen 

Table 1.1: Some international conferences and negotiations on environment issue 

Thereby, manufacturers are required to produce safe, environmentally friendly products 

with resource-efficient and low- or even non-pollutant-emission processes. And it has 

been a trend that environmentally friendly products and manufacturers are able to earn 

more supports and orders at the market. Apart from this, the other benefits of going green 

include cost savings, increased employee retention and attraction, ability to grow, 

innovation and development of new technologies and increased profit and shareholder 

value (Wills, 2009). 

Today, lean production has been adapted as an effective approach to industrial excellence 

by a great number of companies. With the help of lean production, companies reduced the 

costs and wastes ever existed, while enhanced the productivity, quality and profitability. 

Having been developed in the practice for some decades, lean production is now much 

like a sound conceptual system containing philosophies, principles and tools, with which 

faculties can access to lean in a much easier, more systematic and logical way.  

And now, a similar-to-lean way is demanded and foreseen to contribute to environmental 

excellence. To pave the way, there is a need to borrow the basic idea “Visual Management” 

from The Toyota Production System (TPS), from where the lean production is derived. By 

                                                 
1 GATT: General Agreement on Tariffs and Trade 
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developing the visualization tools, it is expected that companies can easily and 

consistently follow the environmental performance of individual process and the 

production system or even the whole organization. Additionally, based on the 

visualization, managements can make decisions more scientifically. 

1.2 Problem Statement 
As far as environment is concerned, companies can choose to adopt different positions 

ranging on a continuum from re-active environmental strategic positions following 

regulations, to pro-active positions where competitive advantages are sought for. Either 

way, the environmental concern requires manufacturing industries to develop strategies, 

technologies and practices that will reduce the environmental impact on both global and 

local scale (Bellgran, 2009). 

Sweden traditionally has focus on environment preservation and has been a bench mark 

for other countries in this respect. Also, Swedish manufacturing industry is concerned 

about environment, which they think may benefit them. Nonetheless, they think there is 

still some impediment on their road to green. For instance, going green is supposed costly 

and requiring expertise. This matter actually is somewhat like the development of people’s 

consciousness towards quality. There had ever been the notion of quality cost, arguing 

than quality causes costs, reduces productivity and thus weakens the profitability. 

However, the argument was later on repudiated by arguing that what really costs is the 

poor quality (Bergman & Klefsjö, 2010). Such transition can also happen to the cognition 

towards environment. Poor environmental performance (e.g. low recycle rate, high 

resource-consumption rate, pollutant emission) would cost more than investment in 

sustainability improvement. 

Presently, most of the measurement of environmental performance is done by 

environmental expert either specially employed by a company or from a third party tester. 

And the result is always released in the format of report or similar. Other workers and 

managers are just pushed to know the result by seeing a monthly report or announcement. 

Consequently, they just know what the result is rather than why there is such result. In this 

way, companies lose the ability to respond to environment quickly. Considering the quick 

response is a character of agile, flexible, and lean production, such clumsy response 

should not exist.  

In order to be responsive to environment, which is considered as another customer of 

companies, environmental performance should be proactively tracked, recorded and 

analyzed. Thus, it is not enough to only involve green experts. It must be like Total 

Quality Management (TQM), requiring all the employees are committed, committed 

leadership, focus on process, and so on. In order to get all the employees engaged in, 

simple tools should be created for them to use. Thus, it becomes pressing to develop user-

friendly visualization tools for non-experts to measure, follow and advance the 

environmental performance of their production system.  

As a useful visualization and analysis tool in lean practice, value stream mapping (VSM) 

technique has been extensively recognized and employed to test how lean a value stream 

is. Based on such methodology, value stream mapping is reasonably supposed also to be 

effective in testing how green a value stream is by changing the original characters, 

parameters, or some else of value stream mapping. Thereby, efforts are promisingly to be 

carried out to dig out the potential of value stream mapping in green performance 

visualization through some development. By developing VSM, the green performance of a 

value stream can be more measurable and accessible to non-expert people at the 
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production. What’s more, management can also have easier reference to follow the green 

performance of his production, as well as make decisions on the green progress. 

1.3 Research Questions 

RQ1: How can the present VSM tool be developed in order to visualize lean as well as 

environmental performance? 

RQ2:  What is the essence of carrying out EVSM in practice? 

RQ3: What are the advantages and disadvantages of EVSM?  

RQ4: How is EVSM different from original VSM? 

1.4 Aim of Project 

As is a subtask under the research project “Green Production System”, which is launched 

and run jointly by AB Volvo/Volvo Technology, Haldex, Saab and All-Emballage J.E. 

AB as industrial party, and Mälardalen University of Sweden as academic party, this 

master thesis is intended to develop a visualized, simple-to-understand and easy-to-use 

tool to measure and visualize the environmental performance of production system, 

namely the processes. 

Besides, relevant performance indicators of environment performance are supposed to be 

thrashed out on the basis of literature study.  

The development tool is expected to be used in some typical production processes such as 

assembly, machining, and foundry, etc. Original value stream mapping will be developed 

through theoretical and empirical studies, and then tested in practical production of one of 

the industries mentioned above. 

By working out such a tool, management and workers can approach to the environmental 

performance of its process for specific products in an easier way. In addition, decisions-

making supports are considers as a part of the characteristics of the developed tool.  

1.5 Delimitation 
The scope of this thesis is limited to the visualization of environmental wastes generated 

by value stream activities, which do not include overall building activities. Overall 

building activities are those which do not change the form and function of materials to 

produce a product or service, but they are necessary to support those pure value stream 

activities. Examples are human resources, purchasing, scheduling, accounting, designing, 

lighting, air conditioning, etc. Although the overall building activities might be also drawn 

into the map when mapping a value stream, the measurement of environmental wastes of 

overall building activities will not be done or shown in the map even though the wastes 

are measured.  

The other limitation is that, assumption that the developed visualization tool will be used 

in production processes such as assembly and machining. 
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2. Methodology 

This thesis is typically an exploratory research inspired by the recognized tool – value 

stream mapping. As is seen the effectiveness in visualizing the lean performance of a 

production system, VSM is deduced to have the ability of visualizing the environmental 

performance through some development. Based on such deduction, research is carried out 

in a couple of ways. 

2.1 Literature Review 
By reviewing related literatures, understanding on value stream mapping including its 

principle, usage and operation steps is further deepened, which will be helpful to the 

comprehension and development of EVSM. Also, important indicators of environmental 

performance are recognized. The understanding on value stream mapping and recognition 

of environmental performance indicators contribute to the establishment of theory and 

framework of EVSM. 

The literatures referred by the thesis mainly consist of books while less journals, because 

of the fact that there is little previous research for reference. 

2.2 Practical Study 
When an EVSM model is derived, it is necessary to test it in practice to verify whether a 

complete production data record is really a necessary prerequisite to the implementation of 

EVSM.  

For this purpose, a company within the industries delimited in the thesis was contacted, 

and a study period of one month was appointed and fixed. During the period, visiting 

company took place twice in average per week. The study includes workshop visit, target 

value stream identification, operation process observation, and interview (with Quality 

and Environment Manager), through which the required data is collected. 

2.3 Seminar and Consultation 
Because the thesis is a sub-task of an on-going of Mälardalen University, the thesis aim is 

set in order to be in line with the whole project aim. For the sake of proceeding to the right 

direction, seminar with thesis supervisor is undertaken periodically (i.e. every Friday 

afternoon). In the meeting, supervisor gave his suggestion on how to deal with the 

inconformity between theory and practice, how to keep the initial accent and direction of 

the research, and other issues on thesis writing. 

2.4 Comment on Methodology 
This thesis is an exploratory study, since few related researches are found. Thus, reference 

to books of related knowledge is the main methodology, such as value stream mapping, 

industrial environmental wastes. This methodology panorama view of expertise and gives 

a chance to think in a systematic and scientific way.  

However, theory does not always coincide with practice, so practical study is needed. 

Through on-site study, the thesis can avoid some impracticality and make the tool more 

usable to real world.  

Meeting with supervisor helps with holding the preset aim consistently (i.e. not 

transferring from doing for university to doing for a specific company) 
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3. Theoretical Framework 

3.1 Sustainability 
Sustainability has been not a fashionable concept any longer, since it has been widely 

embraced by governments and organizations over the past two decades. Its meaning and 

implications have much been disputed, but it was still spread (Gibson, 2005). The 

definition of sustainability that is most widely referred is from the United Nations 

Brundtland Commission, who defined sustainability as 

Meeting the needs of the present without compromising the ability of 

future generations to meet their own needs (World Commission on 

Environment and Development, 1987) 

Traditionally, environment has been a primacy in sustainability concept (Newport, Chenes, 

& Lindner, 2003). When people are talking about sustainability, a lot of emphasis was 

added onto environment while its other two dimensions were a little bit overlooked. In fact, 

sustainability has three aspects. Besides environmental sustainability, economic 

sustainability (economic development) and social sustainability (social equity) are the 

other two implications of sustainability (Elkington, 1997).  

 

 

Chart 3.1: Three dimensions of sustainability 

Thus, for instance, the assessment of a company’s sustainability should involve indicators 

and criteria of all the three dimensions. And following is an example framework listing 

corporate sustainability assessment criteria, which is established by Dow Jones 

Sustainability Indexes. 

Environmental (planet) 

Climate change 

Energy use 

Chemicals, toxins  

...... 

Social (people) 

Education 

Labor standards 

Health 

...... 

Economic (profit) 

GDP 

Return on investment 

Tax 

Corruption 

...... 
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Dimension Criteria Weight(%)

Economic Codes of Conduct / Compliance / Corruption&Bribery

Corporate Governance

Risk & Crisis Management

Industry Specific Criteria

 

Environment Environmental Reporting*

Industry Specific Criteria

 

Social Corporate Citizenship/ Philanthropy

Labor Practice Indicators

Human Capital Development

Social Reporting*

Talent Attraction & Retention

Industry Specific Criteria

Deps on Industry

3.00

6.00

6.00

6.00

Deps on Industry

3.00

5.00

5.50

3.00

5.50

Deps on Industry  

*Criteria assessed based on publicly available information only 

Table 3.1: Corporate Sustainability Assessment Criteria (Dow Jones Sustainability 

Indexes) 

As regards to Value Stream Mapping, it is usually the first step to take in order to realize 

lean, which partially contributes to the economic sustainability of a business organization. 

Environmental Value Stream Mapping (EVSM) method, the variant of VSM, however, is 

intended as a contributing factor to environment sustainability, which concentrates on the 

visualization of environmental waste of a company. By representing lean & green 

performance, company’s level of sustainability can be seen evaluated. 

3.2 Lean Production 

3.2.1 A Short Review of Lean Production 

The term ”Lean” was coined by John Krafcik in an autumn article, “Triumph of the lean 

production system”, published in Sloan Management Review and based on his master’s 

thesis at the MIT Sloan Management School (Wikipedia, 2010). In 1990s, lean production 

was immortalized by world manufacturing community through the bestseller, The 

Machine That Changed the World (Womack, Jones, Roos, 1991). Since then, the 

philosophy and the toolkit of TPS have been worldwide learnt and applied to different 

sectors. Enterprises earned productivity, quality, cost and other competitive advantages 

from Lean Production.  

Lean has been a quite often heard and remembered term, especially to people in 

manufacturing. Lean production has dominated manufacturing trends (along with Six 

Sigma) for more than ten years (Jeffrey K, 2004).  

James Womack, Daniel Jones and Daniel Roos, in their book The Machine That Changed 

the World (1990), positioned lean production in the middle of craft production and mass 

production, saying lean producer combines the advantages of craft and mass production, 

while avoiding the high cost of the former and the rigidity of the latter (Womack, Jones, & 

Roos, 2007). What is interesting is that the two changes of our most fundamental ideas of 

how we make things in last century were made by automobile manufacturing industry.  

The following table demonstrates the difference between craft production, mass 

production and lean production in some respects. 
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Produc

tion 

Syste

m 

Items 

Craft Production Mass Production Lean Production 

Product 

characteristic 

high customization, 

low volume 

Standardization, 

limited variety, 

high volume 

high variety 

Processing 

equipment 
Generic, cheap, flexible 

Specific, efficient, 

expensive 
Flexible and efficient 

Work division 

and content 

Blurred operation 

boundary, diverse 

Clear operation 

boundary, simple, 

repetitive 

Less blurred operation 

boundary 

Work force Highly skilled Narrowly skilled Various skill 

Inventory level high high low 

Manufacturing 

cost 
high low lower 

Product quality low high higher 

Responsibility 

(freedom to 

control one’s 

work) 

Decentralized (far down 

the organizational 

ladder) 

centralized 

Decentralized (far 

down the organizational 

ladder) 

Table 3.2: Comparison of three production systems 

New ideas emerge from a set of conditions where old ideas no longer seem to work 

(Womack, Jones, & Roos, 2007). Mass production was born in a new condition that more 

and more average consumers – opposite to wealthy ones, want to have their own cars at 

affordable price, for which craft production could not satisfy and was exposed to 

drawbacks, such as high production costs, low quality and low productivity. 

The same grounds also apply to the birth of lean production, which was initiated by 

TOYOTA as TOYOTA Production System. Because the circumstance was quite different 

from that of the U.S, mass production was predicted unfeasible at Japan by Eiji Toyoda 

and Taiichi Ohno.  

If the goal of mass production is to satisfy the vast market demand by improving the 

productivity through the application of inter-changeable parts, specialized work 

techniques, the goal of lean production is to responsively satisfy the limited but diverse 

needs of quality-demanding customers in most efficient and economic manner by reducing 

wastes in inventory, time to market, human effort and manufacturing space (Singh & 

Sharma, 2009). 

3.2.2 Seven Lean (Economical) Wastes 

Waste takes many forms, such as material, parts, inventory, human effort, time, equipment, 

etc., and can exist anywhere at any time (Nicholas, 1998). The heart of lean manufacturing 

is to eliminate any form of waste from processes.  
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As was known to many of us, there are seven famous lean wastes identified by Toyota, 

including (Jeffrey K, 2004):  

 Overproduction 

Overproduction is the production of products which are not ordered by customers. 

Taiichi Ohno regards overproduction as the fundamental waste, for it leads to most of 

the other wastes. For example, overproduction definitely builds up excess inventory 

somewhere downstream. 

 Waiting 

Workers wait aside a machine because of any reason is considered as a waste. In lean 

philosophy, machine’s is more preferable than worker’s wait. In other words, 

machine’s wait may not be a waste. 

 Unnecessary transport or conveyance 

This waste refers to carrying work in process long distances, creating inefficient 

transport, or moving materials, parts, or finished goods into or out of storage or 

between processes (Jeffrey K, 2004). 

 Overprocessing or incorrect processing 

Overprocessing means operating more than needed on materials or parts. This waste 

occurs when providing higher-quality products than is required. 

 Excess inventory 

Excess inventory causes longer lead times, obsolescence, damaged goods, 

transportation and storage costs, and delay. 

 Unnecessary movements 

Examples of unnecessary movements are looking for, reaching for, or stacking parts, 

tools, walking, etc. 

 Defects  

Apart from the above seven non-value-adding wastes, Jeffery K. Liker, who authored “the 

TOYOTA Way” incorporate an eighth waste – unused employee creativity. Jeffery L, 

Liker thinks this waste can cause losing time, ideas, skills, improvements, and learning 

opportunities.  

3.3 Green Manufacturing 

3.3.1 Value Stream Activity and Overall Building Activity 

The activities of a company can be divided into two categories, pure value stream activity 

and overall building activity (Wills, 2009). 

Pure value stream activity denotes the activities that change the form and function of a 

material or parts. Examples of pure value stream activity are forming, welding, washing, 

painting, shipping, etc. 

Overall building activity represents the activities that do not change the form and function 

of materials to produce a product or service, but they are necessary to support pure value 

stream activity. 
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3.3.2 Seven Environmental Wastes 

Brett Wills (2009) identified and defined seven environmental wastes in his green works – 

Green Intention: creating a green value stream to compete and win, which include Energy, 

water, materials, garbage, transportation, emission, biodiversity in order. 

Environmental 

Impact

Garbage

Transportation

Emissions

BiodiversityMaterial

Water

Energy

Chart 3.2: Seven environmental wastes 

3.3.2.1 Energy Waste 

In a recent study, carried out jointly by Deloitte and U.S. Council on Competitiveness, 

energy cost and policies are ranked at the third most important driver of countries 

manufacturing competitiveness, following talent-driven innovation and cost of labor and 

materials as champion and second (Deloitte Touche Tohmatsu, Council on 

Competitiveness, 2010). This is the result of interviews and surveys to more than four 

hundred senior manufacturing executives on how they view their industry’s 

competitiveness around the world. 

In green context, energy specifically refers to the consumption of electricity and fuels 

(such as natural gas) to power electrical and mechanical devices (such as electronics, 

heating devices, and machinery, as well as building items like lighting and HVAC systems 

- Heating, Ventilating, and Air Conditioning) (Wills, 2009). It is one of the largest 

contributors to the negative impacts on the environment, representing one of the largest 

opportunities for improvements and savings. Typically, the energy a manufacturer use to 

run its operations comprises electricity and fuel. 

The ultimate goal of eliminating energy waste is to totally use harvested renewable energy. 

3.3.2.2 Water Waste 

Water waste comes from paying to use more water than needed and paying again to have 

it taken away and clean. It is worth a clarification that the waste of water is not necessarily 

in using it, but having to pay for consuming it and discharging contaminated water.  

The ultimate goal of eliminating water waste is to reuse water continually. 

3.3.2.3 Material Waste 

Material waste comes from a global design flaw – designing virgin raw materials into 

products that are designed to end up in the landfill. If the material that a manufacturer uses 

to make its parts and products is not reusable or recyclable or even contains hazardous 
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substance, it will be a great economical loss and impose negative effect to the environment. 

A “cradle to cradle” cycle should be used in order to reduce or remove material waste. 

“Cradle to cradle” means design and make product with recyclable and reusable materials 

with no toxicity. 

The excellence of eliminating material waste is the pursuit of 100 percent material 

reusability. 

3.3.2.4 Garbage Waste 

Garbage as an environmental waste is a concept with which people have been quite 

familiar. Garbage comes from paying for something that you will throw away, something 

that has caused negative environmental impact to produce, and then paying again to have 

it disposed of.  

The ultimate goal is total elimination of garbage, before which produce 100 percent 

reusable or biodegradable garbage is of the highest level. 

3.3.2.5 Transportation Waste 

Transportation waste comes from paying for excess and unnecessary travel which results 

in negative impacts on the environment from the burning of fossil fuels. Here, 

transportation mode and distance are the focus. The emission of vehicles and fuel 

consumption are not included in transportation waste. Reviewing transportation as one of 

the wastes, will allow company to see the effects and come up with a plan for eliminating 

the negative environmental impact and enjoying the economic benefits that come along 

with reducing transportation costs. 

3.3.2.6 Emissions Waste 

Emissions waste comes from paying to create and discharge pollutants on-site and then 

being subject to the fines and levies associated with doing this.  

Emissions contribute heavily to pollution and environmental impacts associated with 

pollution such as global warming. 

3.3.2.7 Biodiversity Waste 

Biodiversity, according to the Canadian Biodiversity Information Network, is the 

variability among living organisms from all sources including, inter alia, terrestrial, 

marine and other aquatic ecosystems and the ecological complexes of which they are part; 

this includes diversity within species, between species and of ecosystems.  (Environment 

Canada, 2011). Biodiversity waste comes from the fact that we pay a price when we take 

away biodiversity from a particular area and when doing that it has severe and immediate 

environmental impacts. The waste is in two forms: first from the direct destruction of flora, 

fauna and organisms resulting from the building of infrastructure, secondly from the 

overharvesting of natural resources (Wills, 2009).  

3.4 Value Stream Mapping and Life Cycle Analysis 

3.4.1 Value Stream 

A value stream is all the actions (both value added and non-value added) currently 

required to bring a product through the main flows essential to every product: (1) the 

production flow from raw material into the arms of the customer, and (2) the design flow 

from concept to launch (Rother & Shook, Learning to see - value-stream mapping to 
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create value and eliminate muda, 2003). Normally, the first concept is more often related 

to lean manufacturing.  

3.4.2 Value Stream Mapping 

Value stream mapping is a lean tool widely used to see a whole picture of the processes, 

representing both production and information flow, and find opportunities for 

improvement efforts by identifying wastes existing in process. It readily extends to 

sustainability, especially to the environmental side. Just add appropriate metrics, such as 

hazardous material used/ generated, water used, and energy used. 

At Toyota, value stream mapping is known as “Material and Information Flow Mapping”. 

It is used by Toyota Production System practitioners to depict current and future, or “ideal” 

states in the process of developing implementation plans to install lean systems. 

Taking a value stream perspective means working on the big picture and improving the 

whole, not just on individual processes or parts (Rother & Shook, Learning to see - value-

stream mapping to create value and eliminate muda, 2003). 

Value stream mapping is waste unless it leads to action and the real purpose of mapping is 

to design the future state. (Bicheno & Holweg, 2009). Thus, value stream map must 

contain a current map and a future map; both of them comprise the whole visualization 

exercise. When a future status is achieved, the future map becomes a current map, and a 

new future map should be developed for continuous improvement (KAIZEN). 

The flow chart below shows an initial value-stream mapping steps. 

 

Chart 3.3: Initial Value-Stream Mapping Steps 

A product family is a group of products that go through similar processing steps and over 

common equipment in downstream processes (Rother & Shook, Learning to see - value-

stream mapping to create value and eliminate muda, 2003). 

Because companies tend to be organized by functions and department, and the value 

stream actually flows across functions and departments, there should be a value-stream 

manager to lead responsibility for understanding a product family’s value stream and 

improving it. It is big mistake of trying to split the mapping task among department 

managers and stitch the individual segments together.  

There are two kinds of Kaizen (improvement), flow kaizen and process kaizen. Flow 

kaizen focuses on material and information flow; process kaizen focuses on people and 

process flow. Both of them are necessary. 

 

Product Family 
Cerrent-state 

drawing 
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work plan & 
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Senior 

Management 

 

 

 

Front lines 

                                                           Focus  

Chart 3.4: Two kinds of Kaizen 

3.4.3 Mapping Current State Value Stream 

Because visualization is mainly about current state, here the focus is concentrated on how 

to draw a current map. Current state can be illustrated on four levels:  

Chart 3.5: Levels of mapping the value stream for a product family (Rother & Shook, 

2003) 

Normally, mapping starts at the level of the door to door flow. Once the overall flow 

through the plant is sketched, the level of magnification can be changed by zooming in 

and zooming out. 

There are a few tips on mapping (Rother & Shook, 2003): 

 Always collect current-state information while walking along the actual channels of 

material and information flows personally; 

 Begin with a quick walk along the entire door-to-door value stream; 

 Begin at the shipping end and work upstream; 

 Bring a stopwatch and do not rely on standard times or information that not 

personally obtained; 

 Map the whole value stream yourself; 

 Always draw by hand in pencil. 

Following is a list of typical process data that may be observed and record (Rother & 

Shook, 2003). 

 C/T (cycle time) – time that elapses between one part coming off the process to the 

next part coming off, in seconds;  

Process Level 

Single Plant (door to door) 

Multiple Plants 

Across Companies 

FLOW KAIZEN 

(Value-Stream Improvement) 

 

                                                       PROCESS KAIZEN 

                                                     (Elimination of Waste) 



21(66) 

 C/O (changeover time) – the time to switch from producing one product type to 

another; 

 Uptime (on-demand machine uptime) 

 EPE (production batch size) – stands for “every part every       ” 

 Number of operators 

 Number of product variations 

 Pack size 

 Available working time per shift at that process(minus breaks) 

 Scrap rate 

 Inventory 

3.4.4 Life Cycle and Life Cycle Analysis  

As environmental awareness increases, industries and business are assessing how their 

activities affect the environment. Society has become concerned about the issues of 

natural resource depletion and environmental degradation. Many businesses have 

responded to this awareness by providing “greener” products and using “greener” process. 

The environmental performance of products and process has become a key issue, which is 

why some companies are inebriating ways to minimize their effects on the environment. 

Many companies have found it advantageous to explore ways of moving beyond 

compliance using pollution prevention strategies and environmental management systems 

to improve their environmental performance. One such tool is LCA. This concept 

considers the entire the cycle of a product or service. 

3.4.4.1 Life Cycle 

Life cycle is the consecutive and interlinked stages of a product or service system, from 

the extraction of natural resources to the final disposal. 

3.4.4.2 Life Cycle Assessment/Analysis 

Life cycle assessment is a “cradle-to-grave” approach for assessing industrial system. 

“Cradle-to-grave” begins with the gathering of raw materials from the earth to create the 

product, through product manufacturing, and ends at the point when all materials are 

returned to the earth.  

LCA evaluates all stages of a product’s life from the perspective that they are 

interdependent, meaning that one operation leads to next. LCA enables the estimation of 

the cumulative environmental impacts resulting from all stages in product life cycle, often 

including impacts not considered in more traditional analyses. 

The “life-cycle” or “cradle-to-grave” impacts include the extraction of raw materials; the 

processing, manufacturing, and fabrication of the product; the transportation or 

distribution of the product to consumer; the use of the product by the consumer; and the 

disposal or recovery of the product after its useful life. The LCA process is a systematic, 

phased approach and consists of five components as illustrated in Chart 3.6. 
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Chart 3.6: Phases of an LCA (ISO 14040 Figure1 – stages of an LCA) 

 Goal definition and scoping: identifying the LCA’s purpose and the expected products 

of the study, and determining the boundaries and assumptions based upon the goal 

definition. 

 Life – cycle inventory: quantifying the energy and raw material inputs and 

environmental releases associated with each stage of production 

 Impact analysis: assessing the impacts on human health and the environment 

associated with energy and raw material inputs and environmental releases quantified 

by the inventory 

 Improvement analysis: evaluating opportunities to reduce energy material inputs or 

environmental impacts at each stage of the product life cycle. 

 Interpretation: evaluate the results of the inventory analysis and impact assessment to 

select the preferred product, process or service with a clear understanding of the 

uncertainty and the assumptions used to generate the results. 

Life Cycle Assessment/Analysis has a set of systematic procedures for compiling and 

examining the inputs and outputs of materials and energy and the associated 

environmental impacts which directly attributable to the functioning of a product or 

service system throughout its life cycle. 

It assesses the potential environmental aspects and potential aspects associated with a 

product (or service), by 

   Compiling in inventory of a relevant inputs and outputs, 

   Evaluating the potential environmental impacts associated with those inputs and outputs, 

   Interpreting the results of the inventory and impact phases in relation to the objectives 

of the   study. 

Performing LCAs may help with: 

 identifying opportunities to improve the environmental performance of products 

 informing decision-makers 

             Life Cycle Assessment Framework 
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 selecting of relevant indicators of environmental performance 

 marketing 

LCA can also help decision-makers select the product or process that result in the least 

impact to the environment. This information can be used with other factors, such as cost 

and performance data to select a product or process. LCA data identifies the transfer of 

environmental impacts from one media to another and/or from one life cycle stage to 

another. If an LCA were not performed, the transfer might not be recognized and properly 

included in the analysis because it is outside of the typical scope or focus of product 

selection processes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart 3.7: An example of a product system for LCA (ISO 14040 Figure2 – Example of a 

product system for LCA) 

3.4.5 Why Choose VSM for Development? 

Is environmentally conscious action contrary to financial considerations? The answer 

seemed yes in the past for the little attention and awareness paid to environment issues. 

However, the answer is turning to “No” speedily in recent years for the environmental 

issues and concerns are raised to an unprecedentedly high position. People are willing to 

buy the products which itself or whose manufacturing processes are less harmful to the 

environment even if at a higher price.  

As mentioned above, environmental actions may have different focus: product or process. 

From the perspective of function of actions, environmental actions can improve value or 
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cut costs. Wiktorsson established a matrix to categorize four sorts of actions (Wiktorsson, 

Bellgran, & Jackson, 2008): 

 Value improvement Cost decrease 

Product focus 

1. “PRIUS” 

Material and technology selection 

improving customer value 

2. “XEROX” 

Material and component reuse. 

Remanufacturing. 

Process focus 
3. “ORGANIC AGRICULTURE” 

Selling by sustainable processes 

4. “SUSTAINABLE LEAN” 

Waste reduction 

Table 3.4: Action-competitiveness matrix 

This thesis is concerned about the fourth environmentally conscious action “Sustainable 

Lean” which decreases cost through process focus. In order to reach a sustainable lean 

production system, it is the first step that to see the current status of a production system 

or a value stream, including calculating. Following is a table comparing different analysis 

tools in several respects. It gives the answer, why VSM is preferred to take for a 

development. 

Feature VSM LCA 

Dynamic 

assessment 

Deterministic, 

standard or 

average parameter 

Deterministic, 

standard or 

average parameter 

Publicly available 

data 
On-site obervation 

Public LCA data 

available 

Visualization 2D process map 
Limited process 

view 

Simplified User-friendly tool Experts tool 

Standardized 

Industrial standard 

for lean 

manufacturing 

Standardized 

ISO 14040 

ISO 14044 

Framework for 

environmental 

impact analysis 

Methodology has 

been presented 
The main tool 

Table 3.5: Comparison between VSM and LCA 

In the table above, VSM proves to be a better prototype of the needed visualization tool, 

because it can show the map of whole production process while LCA shows limited 

process and VSM is user-friendly. 

3.5 Environmental Performance Measurement 

Strategies 

In real world, there are different kinds of companies in terms of their environmental 

attitudes. Giovanni Azzone and Giuliano Noci identified five categories of green 

manufacturing strategies in the light of internal factors describing how executives consider 
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“green” issues and external variables, such as environment-related regulations. Those 

strategies include (Azzone & Noci, 2009): 

1) Evangelist strategy 

An “evangelist” strategy follows an ethical objective and implying a radical approach 

to environmental issues. The sustainability of such strategy is dependent on manager’s 

value and organizational culture. 

2) Pro-active green strategy 

A pro-active “green” strategy is adopted by companies that aim to anticipate 

competitors through “systemic” initiatives affecting the whole value chain. 

3) Responsive green strategy 

With this pattern of environmental behavior, companies seek to anticipate competitors 

by introducing limited investments, almost all of a technical nature (change in the 

product bill of materials to favor the recycling process). 

4) Reactive strategy 

A company aims to comply with environmental regulations or customers’ 

environmental requirements. 

5) Unresponsive behavior 

Such “green” manufacturing strategy is typical, for instance, of small firms that, given 

limited financial resources, adopt a passive pattern of environmental behavior, thus 

trying to delay the adoption of “green” programs. 

Different green manufacturing strategy has different environmental performance 

measurement strategies (EPMS). 

For those who adopt evangelist strategy, PMS should completely report the indicators 

describing how a company’s activity affect environment. And the cost is less important. 

For the adopters of pro-active green strategy, PMS should consider the physical 

environmental indicators which are the main determinants of shareholders’ value. 

For responsive green strategy practitioners, the focus of their environmental initiatives are 

mainly on the differentiation of products through take-back of end-of-life materials to be 

recycled, while less focus on production activities. Thus, LCA here is more preferable 

than EVSM. However, operational activities still should be notices. For instance, it is 

important to identify how take-back of end-of-life products modify the company’s 

transportation and energy cost. 

For reactive strategy practitioners, its PMS should include the indicators which highlight 

how the company performs with respect to regulations. Thus, only a total evaluation of 

key indicators is need for a specific period. 

For the adopters of unresponsive strategy, management aims at the lowest cost resulting 

from changes from changes in environmental regulations and/or growing customer 

requirements. 

They investigated 16 firms operating in Italy from the industries that have great impact to 

the environment, such as automotive (Iveco, FIAT), chemicals, textile, etc. They found 

none of the firms deploying the two extreme green strategies – evangelist and 

unresponsive. And the reasons are but not limited to: 
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 For evangelist strategy  

- It requires very high technical and managerial skills; 

- Companies are not prepared for radical change required by this strategy; 

 For unresponsive behavior 

- There are external stakeholder’s (regulator) requirements on environmental 

performance. 

Namely, all the firms are on one of the remained three green strategies. 

Different companies may have different consideration of environmental performance 

indicator. Take seven green wastes for example; they can be different in terms of the 

difficulty of measurement.  The difficulty might in the behavioral forms, such as cost, 

required technique, required time, etc. Thus, the companies who have top keen aspiration 

for excellent environmental performance might take thorough waste measuring strategy, 

while those who are less ambitious in green improvement may just measure the wastes 

which are easy to measure or use rough measure methods. 

Also, different company has different green goals. 

 For those who embrace reactive strategy, meeting the environmental regulations at the 

lowest cost is their goal; 

 For responsive strategy supporters, they would aim at keeping just a little advance of 

environmental performance to their rivals; 

 Pro-active strategy companies not only green itself before their rivals, but also green 

its supply chain/value chain by cooperating with the other chain members; 

 Evangelists are characterized by their extreme actions towards green. They take going 

green as their responsibilities, persistently strengthen their green awareness and 

pursue green excellence by radical organization-wide revolution. In addition, they 

contrive to improve their technical skill and managerial skill through all available 

means. Green talents are also given plenty of importance by evangelist. 

3.6 An Inspiration from Theory 

According to James Womack and Daniel Jones, lean manufacturing is a five-step process: 

defining customer value, defining the value stream, making it “flow”, “pulling” from the 

customer back, and striving for excellence (Jeffrey K, 2004). 

In the first step, customer value should be defined, because you should know what 

customers (including internal customer and external customer) want and what customers 

do not want from production.  

However, customers can be interpreted in different ways, so there must be different kind 

of waste, as is shown by the following chart. 
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Chart 3.8: Lean waste and environmental wastes derived from different perspective. 

When a producer produces products, wastes may also be produced in the same time. 

Wastes can be in different formats, such as human efforts (e.g. overprocessing, 

overproduction, unnecessary movement, unused human creativity, etc.), time (i.e. operator 

waiting aside machinery), materials (e.g. overproduction, defects), and environmental 

wastes. 

Those activities which only add cost and consumption of resource but not add any value 

are regarded as wastes. This is a way in customers’ perspective (Jeffrey K, 2004). 

Likewise, environmental wastes are those which are not wanted by its customer – 

environment. In order for production, manufacturers need resources from nature (coal, 

water, natural gas, etc.) and discharge wastes in various forms to environment. Both of the 
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actions are not wanted by environment, because they impose negative impact to 

environment. Rather, the environment wants less or no non-renewable resources are 

exploited and that less or no harmful waste would be discharged. Thus, those which take 

negative value into environment are green waste.  

In conclusion, there is common philosophy behind lean waste and green waste. No matter 

lean wastes or green wastes, both of them are defined by their direct customer.  Consumer 

is the direct customer for defining lean wastes, because lean wastes add zero value while 

still economically charge customers. Environment and nature are the direct customers for 

defining green wastes, because green wastes harm the environment and nature by 

exploiting resource (i.e. nonrenewable resources), generating nondegradable garbage, 

emitting liquid and air pollutant, and so on. Hence, consumer and environment are the end 

clients of manufacturing in economic context and in green context respectively. Both of 

the clients have their own value. Lean wastes are not wanted by customer.  

Because both lean wastes and environmental wastes can cause costs to companies, they 

should be eliminated. Some might argue that going green costs money, but going green 

can also save cost by the means of saving from disposition of garbage, emission and 

effluent; exemption from levies and fines due to pollution; using recycled materials and 

parts; and so on. There just is a break-even point between the cost and benefits of going 

green. For those with limited financial ability, they can try to find the break-even point 

and plan an appropriate investment in sustainability. However, for the long run, the 

environmental initiatives should be always progressing. 
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4. Data collection for EVSM 

4.1 Measurement of Each Environmental Waste 

We can identify the seven environmental wastes by checking items with waste definitions 

within a value stream, including the pure value stream activities which change the form 

and function of something, and support activities such as accounting, operations (i.e. 

purchasing, scheduling, health and safety), human resource, engineering (i.e. designing 

and developing products), and building envelope (i.e. lighting, plumbing, HVAC 

activities). However, to identify all the waste within a value stream is quite difficult, 

requiring plenty of carefulness. We can start from the obviously existing wastes, and keep 

our eyes on the operations, workplaces and even the outside of plant, until we find out all 

the possible environmental wastes. 

After identification of each waste, measurement should be taken in order to represent a 

current-state green value stream map with real data. 

4.1.1 Energy 

There are two ways to measure how much energy each activity consumes. One simple 

way is to refer to the nameplate of equipment. Normally, the nameplate of equipment tells 

its specification including energy requirement. If a machine only consumes electricity, its 

nameplate always shows how much power (i.e. the amount of watts) it needs to get run. In 

the case of fuel is needed to run a machine, the nameplate should list how much gas it uses 

in cubic meter or BTUs (British Thermal Units). 1 BTU = 3.413 Watts. However, this way 

does not give an exact result value, because nameplate only tells a maximum amount of 

power that equipment might consume (Wills, 2009). To measure the exact amount of 

power used, the other way is a better choice – energy meter method. Following is a table 

for recording the energy waste source and amount. 

Energy Waste 

Activity or Area 

 

Value stream activity 1: Laser Cutting 

Current State 

Identify 

   

Measure 

item source power usage/time 

Consumption 

quantity cost 

  

    

  

  

    

  

  

    

  

Table 4.1: Energy waste identification and measurement 

4.1.2 Water 

One important principle for and measuring water waste is that precision need not be 

executed to the last drop of water. A close estimate of how much water an activity cost is 
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enough. The aim is to find out the biggest “waster consumer”, so that elimination action 

would be focused. 

The first step to measure the water waste is to determine how much water flow out per use 

or per period. This could be found on the nameplate of machinery, or on the specification 

offered by the device producer. If neither of them is available, this can be done personally 

by filling a container of specified size and timing the whole course of process. 

Second step is to calculate the usage of a timeframe (i.e. month, week, day, etc.). It is 

essential that the timeframe should be consistent across all activities and devices, so that 

the calculation of total waster waste would not be confused and go wrong. After this step, 

the quantity of consumption can be calculated by multiplying the flow rate and usage.  

The discharge of water is assumed equal to the consumption of water, even if water is 

retained or run up in the process. 

Measuring toxicity is very important, because it has close relation with environmental 

impact. The more toxicity used water contains, the more significantly the used water will 

harm the environment. Measuring toxicity requires expert to perform. Let it done by an in-

house expertise or a third-party laboratory. 

Water Waste 

activity or area overall building 

current state 

identify measure 

item flow rate usage consumption discharge toxicity 

            

  

    

  

  

    

  

Table 4.2: Water waste identification and measurement 

4.1.3 Material 

To identify and measure the material waste, the input and output of material into and out 

from every activity along the whole value stream should be observed. It will be quite a 

helpful way to refer to the bill of material (BOM) to find what materials and how many 

are used in order to finish the process at a given workstation, as well as the output. By 

asking the operations manager or plant manager, the amount of material input can be 

known. 

Then, the makeup of materials both of input and output should be noted. For instance, if 

there is a screw going into a process, note its makeup such as stainless steel, cold-rolled 

steel etc. If the makeup of the screw is plastic, the type of plastic should be identified and 

noted. If the input is made up of two or more material, the percentage of each makeup 

should be written down. 

It is a little harder to determine the chemical composition of the material input down to a 

very detailed level (i.e. 100-ppm). The most preferable way is of course to ask the 

suppliers for that information. If they do not have, web search might be a good alternative. 



31(66) 

Otherwise, resort to a specialized laboratory for testing. This could be an expensive way, 

so just test the main materials. 

Determining how much of the input part is made of recycled material is also important, as 

it makes the starting point of going green clear. So does to the determining whether and 

how much percentage of the material outputs can be recycled or composted. The 

recyclable input does not necessarily mean the recyclability of the output, since the 

process may change material’s ability to be recycled or composted. By identifying the 

input and output and measuring the recyclability and biodegradability, ways through 

which the material will go after its life can be chosen (i.e. Technical Nutrient (Tn), 

Biological Nutrient (Bn), or Neither (LF). 

Technical Nutrient: materials that can be used again to make a new product. 

Biological Nutrient: materials that can biodegrade and go back to enrich the earth or soil. 

LF: Materials that cannot be reused or put back to earth, just stay in the landfill forever. 

Below is a identification and measurement sheet for material waste with an example on it. 

Materials Waste 

Activity or Area Value stream activity 1: Laser Cutting 

Current State 

Identify Measure 

Input Output Material Makeup Classify 

Assess item & qty material makeup item input output Tn Bn IF 

Steel sheets 

(10 per day) 100% cold rolled square 

30% 

recycled 

100% 

recyclable   

  

  

  

       

  

  

       

  

Table 4.3: Material waste identification and measurement 

The “Assess” column indicates the impact of the identified material on the environment. 

There are four categories of assess results, signified by four colors (i.e. green, yellow, red, 

gray) (Wills, 2009). 

Green: little or no risk to the environment or human health from using this substance. 

Yellow: low to moderate risk associated with using this material. It is acceptable for use, if 

a material of green category can replace the yellow one. 

Red: High impact and risk to the environment and human health from using this material. 

A strategy for phasing out this material and replace it with a green or yellow material 

needs to be developed. 

Grey: Risk data is missing or incomplete. Further investigation and research in needed in 

order to rate the substance. 
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4.1.4 Garbage 

The measurement to garbage should contain two parts. One is to measure the makeup of 

garbage in the value stream; the other one is to measure the hazardous substances 

contained in the garbage. 

To measure the makeup of garbage, firstly, find out all the trash bins, cans, and bags. Then 

list the individual items or materials which comprise the garbage, because this will enable 

personnel focus on each of the items, and make it easier to minimize and eliminate them. 

The items can be measured either by counting them at the end of each day, week, or 

month, or by weighing each of the items or materials. This is subject to the countability 

and the size of the items or materials. Even though an item is countable, if the size or 

weight is quite distinct from piece to piece, then weighing them is considered a better way. 

Measuring will highlight the items and materials that contribute the greatest amounts and 

are costing the most money. The job can be done by manufacturer itself, or by outsourcing 

it to a waste management company (e.g. Stena in Sweden). 

It is worth notice that the measurement may require a couple of days, weeks, or months 

continuously in order to get an average number, because the amount of waste can be quite 

different from day to day due to the production schedule. 

Garbage could be harmful to environment because some pollutant might be contained 

within garbage. Thus, it is of importance to measure the hazardous substances in garbage. 

Hazardous substances are the most expensive to dispose of, for it requires special handling, 

transportation, final disposal, and so forth (Wills, 2009). 

Normally, the garbage within a value stream is probably made up of offcut and defect. 

Measuring the hazardous substance might be excessive work, because this has been done 

by assessing material stated in last section. If the garbage is other kinds, for example, 

packaging, the same work ought to be done again. There are several ways to do such work: 

 Check the legislation that company has to follow, hazardous substances should have 

been listed and stated in it; 

 Check up the material safety data sheets (MSDS).  

 Ask purchasing/production manager, they are likely aware of what substances used in 

its production are hazardous. 

 Ask the vendor or producer of the product, they are required to know whether it is 

considered hazardous. 

Following is an assumed table which can be used to record the measurement. 

Garbage Waste 

Activity or area Value stream activity 1: Laser Cutting 

Current State 

Identify Measure 

item material quantity hazardous substances 

        

        

Table 4.4: Garbage waste identification and measurement 
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4.1.5 Transportation 

One of the greatest impacts we have had on the environment over the last few decades has 

been from transportation. Transportation is everywhere, including passenger 

transportation and cargo transportation. Transportation is closely related to logistics, and it 

is thought the first function of logistics, followed by storage, handling, and distribution 

processing, packaging, logistics information. Logistics is to a great extent generated by 

production and demand, so transportation should be measured in order to be a more 

environmentally-friendly company. Using a hybrid or fuel-efficient vehicle can contribute 

to direct savings. 

To the measurement of transportation waste, transportation mode and distance travelled 

are the focuses. This thesis inclines to bread down transportation into internal 

transportation which move items and goods within plant (i.e. between operations, between 

function areas), and external transportation which denotes the supply logistics, distribution 

logistics, etc. Hereinto, external transportation makes up the majority of the overall 

transportation. 

Actually, measurement of transportation is no more difficult than identifying 

transportation. As long as all the transportation related to a value stream has been 

identified, the mode and distance can be easily determined. 

However, there is no need to list the transportation of every material, part and item, 

because usually production can involve many kinds of parts and materials. If in this case, 

just focus on the most common or high-volume items. 

Following is an assumed table for recording the transportation measurement. 

Transportation Waste 

Activity or Area Receiving (Ex) 

Current State 

Identify Measure 

item mode distance 

Steel sheets truck 30 miles 

   

   
Table 4.5: Transportation waste identification and measurement 

4.1.6 Emission 

It is possible that by identifying and measuring the former five wastes, some emissions 

that indirectly caused by the other wastes have been found. Here, the focus is on the 

emissions and effluents that caused directly by the production process. Besides, the 

emission made by the products and service that manufactured by the production process 

should be taken into consideration. 

Emission is a big factor contributing to pollution. Usually, authorities and municipalities 

levy heavy taxes and fines to the entities emitting toxic air or effluents. Thus, reducing and 

eliminating emissions can give financial and environmental benefits to companies. 

Before measuring the amount of emission, all the machines and activities that generate 

emissions should be identified. A good way to begin it to walk out to the first activity of 
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the value stream and see whether anything is being vented or discharged outside or into 

the air of the building. If the machine emits, write down the code or name onto an 

emission waste cardboard paper, as is the below one. 

Emission Waste 

Activity or Area Transportation 

Current state 

Identify Measure 

Item  type amount 

Forming 

Machine  
SO2 130 lbs/ton 

      

      

Table 4.6: Transportation waste identification and measurement 

After finding out all the emission makers, it is time to measure the type and amount of 

emissions. A simple way to measure the type and amount of emissions is to draw the file 

with which the company applies for a certificate from related authority. This is because, if 

a machine discharges toxic emissions into the atmosphere, the company is likely to be 

required to have a certificate allowing the company to use the machine. If this way does 

not work, try the following two ways: 

 Refer to the material’s MSDS (material safety data sheets), which tells the type and 

amount of VOCs (volatile organic compounds) released into the air as a result of 

baking it or even using it in its intended way. 

 Ask a qualified third-party tester to test the emissions. 

For the measurement of the type and amount of emissions from the final product or 

service, companies can also resort to a qualified third-party tester. If the product is quite 

similar to the existing products or services, whose emissions have been tested, companies 

can also use that data for reference.  

4.1.7 Biodiversity 

Biodiversity waste is in two cases, one-time biodiversity destruction and continual 

biodiversity destruction. One-time biodiversity destruction is mainly caused by 

construction of building or structures that contain all the value stream activities plus the 

support activities outside the value stream. Continual destruction usually caused by 

harvesting of any natural resources that is an ongoing part of a value stream activities, 

such as fish, trees, grass and minerals. If the harvesting is faster than the regeneration of 

the natural resources, continual biodiversity destruction happens. Sometimes, the natural 

resources are harvested as material for production. As long as the natural resources are 

harvested in a sustainable way, it could and should be recorded on material waste table. 

Otherwise, the harvested resource is biodiversity waste. In this case, the supplier should 

improve the sustainability of their harvesting work, or manufacturer would better choose a 

different supplier. 
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Biodiversity Waste 

Activity or Area One-Time Destruction 

Current state 

Identify Measure 

Item  type amount 

      

      

      

Table 4.7: Biodiversity waste identification and measurement 

Measuring one-time destruction requires to determine what was destroyed or taken away 

and how much of them.  An example is made on the table above. 

Measuring continual destruction is more difficult, because natural resource covers many 

variables, such as growth rates, destruction rates, harvest rates, climates, and so on. All the 

variables are different from species to species. Thus, the work of measurement may appeal 

to bio-specialist. 

4.2 Comments 

In section 4.1, the measurement methods of each environmental waste are stated. 

Generally, collecting data is not very technically difficult, but requires plenty of efforts. 

Thus, to draw a value stream map (current) requires great and vast involvement of 

employees. Nonetheless, not all of the environmental wastes are easy to measure. For 

example, the biodiversity waste (continual destruction) is technically complicated to 

measure, so expertise is needed. The following table shows the technical difficulty and 

complexity (i.e. time and effort requirement) of the measurement of each environmental 

waste. 

 Technically Difficult Time/Effort Consuming 

Energy                    X 

Water  X 

Material  X 

Garbage   

Transportation   

Emission X  

Biodiversity X  

Table 4.8: Difficulty types of measurement for each environmental waste 

4.3 Levels of Measurement and Waste Reporting 

Most of the time, companies know there are legions of wastes in some way existing in 

there production system. Too many stand-by machines, 24-hours illumination and 

unplanned transportation; all these create huge wastes but are only noticed until the 



36(66) 

company got bills.  Only from that moment does the manager start to think if they really 

need that much illumination or maybe put a timer; if they can do some efforts to control 

the emission or energy consumption.  

In this case, a visualization chart (i.e. EVSM) or table enabling everyone in the company 

to follow and monitor waste footprint before receiving the bills will be a very plausible 

solution. However, because of different realistic situations, different companies have 

different abilities and demands to do such a job.  

Based on such consideration, the data collection and measurement work is divided into 

three levels, corresponding respective waste reporting styles. The table below summarizes 

the three levels.  

 Description How to collect data Adaptability 

Level 1 -Rough or no data 

collection 

-Reactive strategy for 

environmental 

management 

-Low frequency (monthly 

or even longer) 

-external feedback (i.e. bills, 

test result done by authority). 

Corresponding Strategy: 

Unresponsive 

 

Ability 

Very limited 

Level 2 -Less detailed collection 

-for simple analysis and 

simple development 

-medium frequency 

(weekly) 

-external feedback 

-specially-assigned person 

-internal record 

 Measurement of wastes 

generated by machines  

Corresponding Strategy: 

Reactive 

Responsive 

 

Ability 

Some financial ability 

Level 3 -Detailed collection 

-for careful analysis and 

development 

-medium to high 

frequency 

-external feedback 

-specially-assigned 

department 

-extensive involvement 

-internal record 

 Wastes generated by 

each product at every 

machine 

 Overall building 

Corresponding Strategy: 

Pro-active 

Evangelist 

 

Ability 

Enough ability 

Table 4.9: Levels of data collection for environmental performance management 

Corresponding to the three levels of data collection, there are three kinds of reporting 

derived. The table below shows the reporting styles. 
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Report Data Source Data Measurement 

level 1 
Regular and 

timely report 
Bills N/A 

 
Table 4.11 

  

level 2 
Regular and 

timely report 

Production log 

(less detail); 

Bills 

Amount of every waste produced by 

each production activity. 

 
Table 4.13 Table  4.12 Table 4.12 

level 3 Less timely report 

Production log 

(blow-to-blow); 

Bills 

Amount of every waste produced by 

products on each production activity 

along the value stream. (Plus overall 

building activity) 

 
Table 4.20 Table  4.16- 4.19 Table 4.14 

Table 4.10: Three types of report corresponding to three levels of data collection 

4.3.1 Level 1  

Level 1 indicates no proactive data collection, all the data is from outside, such as the bills 

from energy company and waste management company. Normally, the data is reached 

month by month. This level applies to those companies that totally think environmental 

performance as burden, and are with the aim of just meeting the lowest municipal 

requirement. 

Level 1 does not do any proactive data collection. The bills from the suppliers are the 

main reference for data record. In this case, the table below is the way of waste reporting. 

Report for level 1 

  energy water material  garbage emission transportation 
Bio-

diversity    M
eth

o
d
                 

M
o
n
th

 

electric 

bill  

+  

heat 

bill  

+  

gas 

charge 

water 

bill 

raw 

material 

weight 

Waste 

bill / Mileage / 

1 

      

  

2 

      

  

3 

      

  

…
 

       

11        

12 

      

  

 SUM               

Table 4.11: Report for level 1 data collection 



38(66) 

In the table above, only the amount of waste can be found. However, it is impossible to 

track which activity contributed to the waste, and how much does each cost. This is why 

companies going this data collection way have no idea about where to start to reduce the 

environmental waste. 

4.3.2 Level 2 

Level 2 indicates a less detailed data collection at a medium frequency, such as weekly. It 

is different from level one, because level two requires proactive data collection and waste 

measurement, even though the data collected is not the detailed due to the ability and 

strategy. Always, companies implementing this level of data collection want to earn some 

benefit by reducing the wastes. 

When being on level 2, the table below is designed to record the data collected. 

 Data Form 
Energy + Transportation + Water 

Material  

+ 

Garbage 

Emission  

+ Bio-

diversity 

  

Electricity 

/Fuel 

Working Time 

(per week) 
Water 

Material 

Waste 
Others 

Machine Code standby run standby run 
flow 

rate  
  

#1 kwh kwh hr hr gal/min kg 
 

#2 
    

 

    

#3 
  

 
 

  

#4 manual 
  

 

  
  

#4 machine 
  

 
 

#5 
  

 
 

  

Handling & 

Transportation 
Liter (gas) 

 

 

 
  

Assembly 
  

 
 

  

 SUM 
    

 
 

  

Overall Building 

(illumination)   

 

 
  

Overall Building 

(compressor)   

 

 
  

overall  

(HVAC)   

 

 
  

.....   
  

   
    

Table 4.12: Data collection form for level 2 

In fact, data collection form does not tell the environmental performance, because the data 

has not been multiplied. To make a report that tells the performance, the form above 

should be developed into the following one, which tells the consumption and waste 

amount. 
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Measurement 

Report 
Energy Water Garbage Material 

Emission  + 

Biodiversity 

Machine Code 
kwh*h 

gal/min*mins/day 

= gal/day 
kg 

Garbage / 

Raw Material  

#1 
   

% 
 

#2 
     

#3 
     

#4 manual 
     

#4 machine 
     

#5 
     

Handling & 

Transportation      

Assembly 
     

SUM 
     

Overall  

(illumination)      

Overall  

(compressor)      

Overall  

(HVAC)      

…. 
 

 

    

Table 4.13: Report for level 2 

The report of level 2 explains the contribution each activity made. However, it is just 

about machine. If a machine processes more than one product, then it is impossible to 

track the amount of waste that each product made. The exceptional case is that, if every 

machine processes only one product, then the value stream can be drawn according to the 

report above.  
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4.3.3 Level 3 

Level 3 denotes a continuous way of data collection. It requires a vast involvement of staff 

at production area, as well as the management. Companies with enough ability and 

ambitious environmental strategy like gaining competitiveness over competitors through 

excellence in environment management can step onto this level.  

This level requires a thorough data collection policy (i.e. measurement of wastes). The 

measurement methods are various, most of which have been explained in 4.1. (NB: There 

can be more alternatives.) The table below gives a summary of the measurement ways. 

Energy 
Time *Power 

(name plate on devices) 

Energy meter  

(external equipment)  Bill 

Water 
Time * Flow-Rate 

(name plate) Self-Assessed Flow-Rate Bill 

Mmaterial Bom + Expert(optional) 

 

Bill 

Garbage Bom self weight (solid) Bill 

Emissions 

(Machine) Name Plate Third-party Test 

 Emissions 

 (Vehicles) 

Gas Consumption 

(external transportation) Third-party Test 

 
Transportation 

Odometer  

(external & internal) 

Times*Distance  

(external * internal)  

Biodiversity Dectructed natural area  Number of creatures 

 
Table 4.14: Waste measurement ways 

In section 4.1, methods of measurement are introduced and explained. Example work 

sheets for data recording and collecting are also given. However, in fact, it is quite 

impossible and unnecessary to add all of the items onto an EVSM map. Thus, a more 

practical work sheet with essential data should be used. 
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4.3.3.1 Energy Waste and Water Waste 

In level 2 and level 3, time is a very important data that to be recorded, because it is a 

necessary data for calculating some of the waste amount. Time greatly influences the 

accuracy of calculation and recording (i.e. calculation of energy consumption, water 

consumption, etc.). Timing is huge work requiring lots of effort. Hereby, there are three 

methods designed and supposed to record the time. Additionally, an alternative method is 

proposed to measure energy consumption directly, so that no timing work is needed for 

measuring energy waste. 

Type 

 

Totally Manual Half Manual + Half Automatic 
Totally 

Automatic 

 

Attendance 

Clock Device 
ID Card 

Energy 

Meter 

Connected 

to Database 

Cost 

(SEK) 
0 500 

1000~2000 + 50 

per card 
10000 

Time 1 min 10 sec 10 sec / 

Time for Data 

Sum-up  

(e.g. 5 machines 

10 products) 

Manually  

1 day a week 

Manually  

half day per week 
/ / 

extra cost paper and pen card 
software/ 

training 
maintenance 

     
Precision of 

Timing 
low medium high high 

Risk 
cramped 

handwriting 
forgot forgot fusing 

 
damaged paper lost cardboard …… …… 

 
lost paper garbage waste 

  

 
pen accessibility …… 

  

 
garbage waste 

   

 
forgot 

   
 low marale    

 ……    

pros no cost low cost convenient no time cost 

  
easy setup accurate accurate 

   
time saving 

 

Table 4.15: Methods of timing plus energy meter method 

Among the four methods, paper work is the cheapest one, while costing most human 

efforts, which will result in dissatisfaction of workers. Also, it has other shortages, such as 

inaccuracy. Using an attendance clock device is also cheap for initial investment, but it 

cost high-quality cardboard paper a lot in future work, which in turn generates wastes. ID 

card will be a very good method for timing, boasting comparatively high timing accuracy, 

medium investment, and lots of convenience. 

Energy meter is a way that does not require timing, because it can directly record the 

energy consumption for any timeframe for multiple machines. Workers just need to record 



42(66) 

the actual production schedule, which cost little human effort. This method also offers 

very accurate data. The shortage is that energy meter is very expensive. 

The following table is a model of paper work for timing:  

machine name : laser cutting 

machine code: DCD0001 

Product name: top lid 

Product code: #00001 

 

time defect 

on 2011/11/3 10:30 

 

off 2011/11/3 11:30 

on 2011/11/3 11:50 
/ 

off 2011/11/3 12:50 

on 

 

 

off 

 on 

 

 

off 

 on 

 

 

off 

 Sum time 2 hour 1 

Table 4.16: Paper work model for timing 

And the following chart designs a position pattern for paper box 

 

Chart 4.1: Positioning of paper box 

# 00001 # 00002 # 00003 # 00004 # 00005 

# 00006 # 00007 # 00008 # 00009 #Standb

y 

---------

-------- 

---------

-------- 
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4.3.3.2 Material Waste and Garbage Waste 

For industries such as assembly, foundry and machining, material waste could be 

measured together with garbage, because the garbage made by value stream activities is 

mainly the scrap or offcut, which initially a part of material. The table below is a work 

sheet for measuring and recording material waste and garbage. 

Product Code : #00001         

Date 

Material 

Code 

Input 

(kg) 

No. of 

WIP 

Standard 

Weight 
Output Assess 

Mon # aaaaaa 25 36 1 kg 36 kg 
 

  # bbbbb 35 
    

Tue 
      

Wed 
      

Thu 
      

Fri 
      

Sum 
 

60kg 
  

36 kg 
 

  

Material 

Recyclable 

(in % 
   

Output 

Recyclable 

(in %) 
 

# aaaaaa 20 
   

18 
 

# bbbbb 15 
     

  
      

Table 4.17: Work sheet for measuring material waste and garbage 

4.3.3.3 Transportation Waste 

Transportation includes external transportation and internal transportation.  

External transportation can make energy waste and emission waste. It is a convenient way 

to record the energy waste (usually fuel) and emission waste under transportation by driver. 

Then, move the data to the work sheet of energy waste and emission waste respectively. 

Following is an example work sheet for external transportation. The worksheet should be 

along with a truck. 

Plate Number ABC - 123 Mode Truck 

date Distance Emission Energy Cost 

2010/11/3 50 600 30 L  

2010/11/30 50 600 
 

 

    
 

    
 

    
 

sum 100 1200 
 

 

Table 4.18: Work sheet for measuring external transportation waste 
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Internal transportation also cost energy (usually electricity); it is feasible to record the 

consumption of electricity on the worksheet for internal transportation. Then move the 

data to the work sheet of energy waste. Following is an example worksheet for internal 

transportation. 

Forklift Code  ABC - 123 

Date Time Electricity 

  

 

  

 

  

 

  

 

  

 

sum 

 

 

Table 4.19: Work sheet for measuring internal transportation waste 
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After collecting the related data for measurement and evaluation, all the data should be 

moved to a general report designed for level 3 data collection, which gives an integrated 

view of the measurement results. And the report is as follow. 

General report for level 3: 

    
Waste 

Product Code Amount Process 
Process 

Time 
energy water garbage material emission others 

#00001 150 laser cutting 40hr 200kwh 
200 

gal/day 
10kg 200 kg 

  

  
banding 30hr 

  
20 kg 200 kg 

  

  
welding (robot) 50hr 

    
300 L 

 
#00002 

 
punching 

       

  
bending 

       

  
welding manual 

       

  
oxide removal 

       
#00003 

 
… 

       

  
… 

       
#00004 

 
… 

       
#00005 

 
… 

       
#00006 

 
… 

       
sum 

         

 
DATE indoor outdoor 

 
charge diesel gas distance 

 
Load % 

transportation Mon 10 hr ABC-001 
 

6 kwh 50L 
 

100 km 
 

50% 

 
Tue 

 
/ 

       

 
Wed 

 
/ 

       

 
Thu 20 hr / 

 
6 kwh 

    
70% 

 
Fri 

 
CBA-001 

       
Sum 

         
overall light 

(timer)   
140 

      

overall 

(compressor)   
168 

      

overall 

(heating 

system) 
  

168 
      

… 
         

sum 
         

Table 4.20: Report for level 3 data collection 

The report for level 3 measures and records each waste for each product on each machine. 

Once the report is worked out, EVSM is ready to appear. Following is an EVSM model. 

For every value stream, in order to get the current status map, just pick the data on the 

report for level and fill in the according blank. Although the report includes every needed 

data, it is confusing for individuals because of the complexity of its appearance. EVSM 

conquered such shortage, by telling operators on each work process every waste his 

operation makes. As a consequence, the operators, as well as managers, got idea on which 
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operation makes the most environmental waste. In other words, EVSM offers decision-

making supports to management.  

Laser cutting 

E control centre

Monthly

suppliers
local

BendingOxide removal Welding Assembly

L/T = 

C/O =

L/T = 
L/T = 

C/O = 

L/T =

C/O =

9:00&12:00
Times a day

Control regulations

Water =

Power =

Oil =

Material =

Garbage =

….

Water =

Power =

Oil =

Material =

Garbage =

….

Water =

Power =

Oil =

Material =

Garbage =

….

Water =

Power =

Oil =

Material =

Garbage =

….

Water =

Power =

Oil =

Material =

Garbage =

….

Water =

Power =

Oil =

Material =

Garbage =

….

Water =

Power =

Oil =

Material =

Garbage =

….

Water =

Power =

Oil =

Material =

Garbage =

….

L/T = 120 s

C/O = 900 s

 

Chart 4.2: A pre-assumed EVSM (refer to appendix 1 for large chart) 
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5. A Practical Study - CH Industry’s 

Environmental Management Footprint 

5.1 Introduction 
In chapter 4, a preliminary EVSM model is derived from VSM model by referring to 

theory and assumption. As mentioned, EVSM is much more requiring than VSM on data 

collecting. This chapter puts the focus on a practical study at CH Industry AB, Sweden. 

By tracing the company’s environmental management footprint (i.e. the data 

documentation), it is determined whether CH Industry AB currently is able to make 

EVSM analysis or not. After the study, suggestions will be proposed to CH how it can 

reach the ability to map its environmental value stream. Otherwise, alternative 

visualization method might be advised upon their willingness. 

5.1.1 The Company 

CH Industry AB (mentioned as CH for short in this thesis), a company with more than 60 

years’ experience in metal processing in Eskilstuna, decided to work with us when it heard 

about our project. Its business is in steel construction for heavy vehicles. VOLVO and 

Scania are its main customers. 

CH’s processes comprise laser cutting, punching, machining, bending, welding, surface 

treatment and mounting. And the machines are disposed in a department-layout pattern, so 

that product and flow flexibly through the versatile machineries.  

Battery box is one of the main products CH Industry currently producing, with a 

production of 50 pieces per week and twice-a-week frequency of delivery to VOLVO.  

5.1.2 How CH Regards and Treats Environment 

As a Swedish company, CH strictly complies with Swedish regulations on environment, 

as well as some EU regulations, covering every respect that might harm the environment, 

like material choose, transportation (for inbound logistics), metal garbage control, 

dangerous production, chemicals, energy consumption, pollutant emission, etc. According 

to Anders Lundgren, the quality and environment manager of CH Industry, the Swedish 

environment regulations are the tough ones. Meeting Swedish environmental regulations 

means good quality in environmental performance. Thus, CH just concentrates on 

ensuring compliance with environmental regulations but not goes further to take 

environment as a means of achieving a competitive advantage. CH measures its 

environment performance and reports to the environment department of Eskilstuna 

Municipality annually. Nowadays, CH has been certified to CH Industry is certified to 

ISO 14001:2004. Every year, a third party checks whether CH fulfilled the criteria of ISO 

14001 or not in the past annum. 
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The table below lists some environmental regulations that CH follows. 

Regulations 

(name) 
Brief Requirements 

REACH 

European Parliament and 

Council Regulation (EC) 

No 1907/2006 of 18 Dec, 

2006. Concerning the 

registration, evaluation, 

authorization and restriction 

of Chemicals 

1.Manufacturers, importers and downstream users 

are responsible for the substances they manufacture, 

place on the market or use not have adverse health 

and environmental effects 

 

2. Downstream user shall inform providers about 

any new materials properties. 

Waste 

Ordinance 

(SFS 

2001:1063) 

2009:1213 

Swedish National 

Regulation 

Disposal must be done in such a way that recycling 

and reuse is facilitated. 

Waste must be managed so that the nuisance does 

not arise. 

Hazardous waste must not be mixed with other 

waste. 

Environmental 

Protection 

Agency 

regulations 

for disposal, 

criteria and 

procedure for 

acceptance of 

waste at 

disposal sites 

for waste 

(NFS 

2004:10) 

2005:9  

2010:4 

Swedish National 

Regulation 

Wastes to be disposed must have completed a basic 

characterization to be documented and 

documentation must be retained for 10 years. For 

what documentation must  include-See Regulations 

§ 5 

Guidelines for 

wastewater 

from 

industries and 

other 

professional 

activities. 

Admitted 

October 2002. 

Eskilstuna. 

Eskilstuna Municipal 

Regulation 

In the discharge of wastewater into the municipal 

grid is: 

1. pH range between 6.5 and 11;  

2. content nonpolar aliphatic hydrocarbons 
(mineral oil) must not exceed 100 mg / L 

Volvo 

Standard 100-

0003; 

Version 7 

Chemical substances that 

should not occur 

in processes or products in 

the Volvo Group 

(Volvo's black list) 

Chemical substances whose use is restricted within 

the Volvo Group Volvo = gray list. 

Table 5.1: Some environmental legislations that CH Industry AB follows 
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As described in theoretical reference, there are seven main environmental wastes. It can 

make sense that different industry has different importance-patterns of the seven wastes, 

so that there is priority of waste reduction for a specific industry or company. As regards 

CH Industry, its paramount focus is on energy consumption and garbage control, followed 

by material choose and transportation as the second most significant. The table below 

represents CH’s attitude to each environmental waste. 

Energy 1 

Water 4 

Material 2 

Garbage 1 

Transportation 2 

Emissions 3 

Biodiversity 5 

Table 5.2: CH’s rating on each environmental waste 

Note: a “1” indicates “the highest priority”; 

a “5” indicates “the lowest priority”. 

Hence, the identification and measurement of energy waste, garbage waste, material waste, 

and transportation should be given more careful attention. However, the transportation 

waste is almost external transportation from its suppliers and to its customers, with less 

relation to the production processes, so it will not be given much attention. 

5.1.3 Study Footprint at CH 

FEBRARY - MARCH   

M T W T F S S 
 

14 15 16 17 18 19 20  

21 22 23 24 25 26 27  

28 1 2 3 4 5 6  

7 8 9 10 11 12 13  

14 15 16 17 18 19 20  

21 22 23 24 25 26 27  

28 29 30 31 1 2 3  

Chart 5.1: Calendar of study in CH Industry 
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Step  task result Time  

1 VSM sketching VSM current map 2011-02-23 

2 VSM-EVSM Transformation EVSM framework 2011-02-24 

3 EVSM data collecting Data table 2011-03-04 

4 Waste data analysis      Data report 2011-03-07 

5 Waste data collection model building Waste data collection model 2011-03-17 

6 EVSM Building EVSM current map 2011-03-20 

Table 5.3: Explanation of colors in practice study calendar 

5.2 CH’s Value Stream 

5.2.1 Product Selection 

In order to map a CH’s value stream, it is requisite to select one product of product family 

for analysis. If a company produces various products, the typical product or product 

family can be screened out by force of product quantity analysis or product route analysis 

(Liu, Lu, & Wang, 2010). Normally, the most important product to a company should be 

chosen. Which one is the most important? The most important one should take up the 

most percentage of revenue that a company makes, or be determined as a strategic product 

that a company would merchandize to the market.  

As mentioned in the company introduction, CH started to produce battery box for 

VOLVO in January of 2011, with a production of 50 pieces per week and twice-a-week 

delivery frequency. 

According to Ander Lundgren, the production amount of battery box for VOLVO is high 

compared to CH’s other products. Thus, battery box process is taken for value stream and 

environmental value stream study. 

A battery box is a complex made up of several parts, such as front lid, top lid, battery box, 

fastener, and so on. Each part is a result of several operation steps. Because the point of 

this thesis is to develop EVSM tool, rather than map out all of CH’s value streams, and for 

simplicity, the value stream of a combined structure of front lid (Code: 15137783) and top 

lid (Code: 1517561) is to be studied. The chart below tells the process.  

 

 

Chart 5.2: Process steps of making front lid and top lid of battery box 
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The picture below is the workshop layout of CH Industry. The green lines demonstrate the 

flow of material towards an ending product.  

 

Chart 5.3: Spaghetti chart for lids processing in CH Industry AB (refer to appendix 2 for 

large chart) 

As is shown by the spaghetti chart above, it can be easily recognized that the operation of 

oxide removal is not properly located. This point is admitted by CH’s quality manager 

Anders Lundgren. He explained the location of oxide removal is temporary, because they 

are considering buying a new oxide-removing machine to substitute is due to the capacity 

bottleneck. 

The Table below tells information about the machines in operations through which 

materials for making battery box flow. 

 Number of Machine Level of Automation 

Laser Cutting Use 2 of 3 Level 4 

Oxide Removal 1 Level 2 

Bending 2 Level 1 (Top)/Level 4 (Front) 

Welding Use 2 of 5 Level 2 

Surface treatment 

contractor 

2 suppliers N/A 

Mounting (Assembly) Totally Manual Level 1 

Table 5.4: Related Machine Checklist of CH Industry AB 
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The meaning of each level of automation is interpreted by the following table. A smiling 

face represents “manual”. 

 Load Machine Machine Cycle Unload Machine Transfer Part 

Level 1     

Level 2  Auto   

Level 3  Auto Auto  

The Great Divide 

Level 4 Auto Auto Auto  

Level 5 Auto Auto Auto Auto 

Table 5.5: Levels of Automation (Rother & Harris, 2001) 

Level 1 and level 5 are two extremes of the spectrum of automation, representing totally 

manual and full automation respectively. Level 2 is a prerequisite of the motion of 

operators along the process line and value adding while a machine works. However, level 

2 automation can contract waste, as operators have to double-handle both the finished 

work piece and the new piece (Rother & Harris, 2001). According to Mike and Rick, to 

achieve an efficient continuous flow, level 3 automation is needed by pacemaker 

processes, as it ejects the finished work piece automatically at the end of the cycle and 

leaves an empty nest each time the operator returns with a new part. From level 3 to level 

4 or level 5, capital costs and technical complexity increase dramatically, for which there 

is a great divide. The great divide between means more than level 3 automation might be 

too much to some specific processes. 

5.2.2 Value Stream Mapping 

Based on the operation steps and the data we collected at CH Industry, the value stream 

map came out as follow. 
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Chart 5.4: Current value stream map of CH Industry AB (refer to appendix 3 for large 

chart) 
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As walked the whole process, authors found that front lid and top lid in effect go through 

the same process and over almost same machinery, except bending (i.e. top lid is bended 

by human power, while front lid is bended automatically). 

Among the 6 processes through which the material and parts go to be a top lid or front lid, 

the work of surface treatment is not done within the plant house of CH. CH Industry 

outsourced this task to a subcontractor. After welding, the unfinished parts are temporarily 

stored for shipment to subcontractor. The surface treated parts are then transported back to 

CH Industry for last assembly with other parts to be a final product (battery box). There is 

a truck commuting part between CH Industry and surface treatment service supplier twice-

per-day. 
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5.3 CH’s Environmental Value Stream 

After mapping out the value stream, focus is moved to identifying the environmental 

wastes in every area along the value stream. By walking through the value stream, 

environmental wastes are found in and between value stream activities. The table below 

shows the identification of wastes in every value stream activity. 

 Energy Water Material Garbage Transport Emissions Biodiversity 

Laser 

Cutting 
Х  Х Х 

 
Х  

Х 
Oxide 

Removal 
Х   Х   

Х 

Bending Х   Х   

Х 

Welding Х   Х Х  

Х 
Surface 

Treatment 
Х Х  Х Х  

Х 

Assembly    Х   

Х Overall 

Building 
Х Х  Х Х  

Table 5.6: Activity-Waste Checklist 

The table above tells where the wastes exist, pointing out where to carry out the next step 

of work (i.e. data collecting). 

The following table contains the data that Anders Lundgren kept. The fact is that CH only 

has the data from bills and report issued by its service provider such as garbage 

management company, Electricity Company. Other data includes nominal power of each 

machine, which can be found on the nameplate adhered to machine. For garbage waste, 

CH knows how much garbage each operation made during a certain period, but does not 

know how much garbage each product produced on a single machine. The other wastes 

share the same situation. 

  



55(66) 

The following table displays the data gotten from CH Industry. 

  

Power 
Working Time 

(per week) 

Total Energy 

Consumption 

(per year) 

Material Waste Others 

  standby run standby run 
    

laser cutting 20kwh 40kwh 90 hr 60 hr 
 

220 000 

/700 000 kg Need < 

28% 

 

punching 
     

150 000 

/700 000 kg  

oxide removal 3-4 kwh 3 hr 
    

banding#1 

(manual) 
3.5 kwh 40 hr 

 100 000 

/700 000 kg Need < 

10 % 

4197.00 kg 

toxic waste banding#2 

(machines) 
1.3 kwh 130 hr 

 

welding 
(40 kwh - 

ventilation) 
168 hr 

   

loading & 

transportation 
/ / 72 000 kwh 

   

assembly / / 
    

  
        

Overall 

 (12 000  

lights) 

/ / 111 000 kwh 

5000 kg  house-refuse 

 

Overall 

(Compressor) 
105 kwh 168 hr 

  

Overall  

(heating 

system) 

/ / 578 000 kwh 
 

Table 5.7: Wastes produced by the five value stream activities of making battery box lids 
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According to the current situation of CH’s data collection, CH Industry is now on the 2
nd

 

level of data collection. Thus, a report is derived as follow. 

CH industry  

chart 2 report 
energy water garbage material 

emission  + 
biodiversity 

laser cutting 195 000 kwh / 
220 000 

kg 
27 % 

 

punching / / 
150 000 

kg 
18% 

 

oxide removal 600 kwh / 
   

bending#1 (manual) 6 500 kwh / 100 000 
kg 

12 % 
4197 kg 

toxic bending#2 (machines) 8 000 kwh / 

Welding (ventilation) 350 000 kwh / 
   

loading & 
transportation 

72 000 kwh / 
   

assembly 
 

/ 
   

SUM 630 000 kwh / 
 

57% 4197 

overall (12 000 + 
lights) 

111 000 kwh / 

5000 kg 

 

overall (Compressor) 82 000 kwh / 
 

overall (heating 
system 

578 000 kwh / 
 

Overall sum 780 000 kwh 
    

Table 5.8: Report of waste measurement of CH Industry 

According to the report, an EVSM is generated as Chart 5.5. However, the EVSM did not 

meet our expectation because of the lack of their data record. Additionally, CH Industry 

has different data-collection timeframe for different wastes. For example, CH Industry 

argued the scrap made by laser cutting and punching machine should be no more than 28% 

of raw metal sheet, otherwise a stop light would be lit automatically. However, the fact is 

the scrap rate reached 45%, given by their database. Hence, the following EVSM (Chart 

5.5) cannot reflect the truth. 

By collecting and analyzing the waste information of CH industry, CH Industry is 

determined on the 2
nd

 level of data collection. Even though it is on level 2, there is still 

some cells left blank because of lack of information. The lack of information is mostly 

accredited to their data collection mechanism and their attitude towards environment.  

It is found that most of CH’s waste data is collected and record in mutually separated 

databases, whose main function is to make sure that the company produces less waste than 

allowed by legislation and industry standards. There is no record to show all the details of 

waste in each process.  
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As a report released recently, CH Industry saved around 1 000 000 SEK by investing just 

5 000 SEK in a timer set for compressor. The fact demonstrates that a great deal of power 

used by CH Industry is wasted, so if other resources. According to the data in table 5.8, 

the waste of overall building activities is much more than those of value stream activities. 

If there is a sound data collection sheet or report, such kind of waste will be quite obvious.  
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Chart 5.5: EVSM of CH Industry (refer to Appendix 4 for large chart) 
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6. Results 
In order to be responsive to environment, companies should track and analyze its 

environmental performance in a proactive manner, involving all the staff and employee 

into identification and measurement of environmental wastes. As companies are faced 

with the need for a non-expert to visualize the environmental performance of processes of 

a company, the visualization tool should be simple-to-understand and easy-to-use, while 

less expertise requiring.  

Through experience, VSM is perceived as a suitable prototype to develop. Thus, the thesis 

is dedicated to building EVSM by substituting the lean indicators of VSM with 

environmental indicators, namely the seven environmental wastes.  

By comparing environmental performance with lean performance of a production, the 

following two points are found: 

 EVSM shares a same process map with VSM.  It is an advantage, because there is no 

need to make any change to the appearance of VSM, and EVSM is able to use all the 

icons VSM uses. 

 They share the same principle on defining what are considered as waste. That is they 

define the wastes according to the requirements and expectations from their end 

customer. In lean perspective, the customer of the production is consumers, who want 

the non-value adding costs take up as low percentage of goods price as possible with 

on-time delivery and high quality meanwhile. In environmental perspective, the end 

customer is the nature and environment, who hopes less resources, especially 

nonrenewable ones are harvested and used, and less harmful substance (emission, 

effluent, non-degradable garbage, etc.) discharged. 

Then the core work of developing EVSM is the identification and measurement of seven 

environmental wastes. It is dependent to companies which environmental wastes they are 

going to measure, because measuring all the environmental wastes might be consuming 

both time and money. Hence, before doing measurement, companies should make 

evaluation on each environmental waste about how this waste influences the total 

environmental performance and assign a rank to each. 

Due to different green manufacturing strategies and different ability (i.e. finance, skill, 

management, etc.), there are three categories of data collection concluded by the authors. 

By measuring the values of all the indicators, an EVSM current map should be worked out. 

By summarizing all the values, the environmental performance of a production can be 

worked out and visualized. 
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7. Analysis 
EVSM is a simple-to-understand and user-friendly visualization tool that non-expert can 

use to track the environmental performance of its production. The work mechanism of 

EVSM is more or less the same as VSM.  

However, EVSM is a little more effort-consuming than VSM in terms of data collection, 

which is an inevitable issue, because the environmental waste sometimes requires more 

steps to measure and some kinds of wastes (e.g. garbage) might require a longer time to 

measure an average value due to the variability of amount. For example, measuring 

emission waste and continual biodiversity waste might require expertise because of the 

technical difficulty. Thereby, the disadvantage of EVSM is this tool requires a company to 

have an at least proactive green manufacturing strategy, which wants to anticipate the 

competitors by improving environmental performance and has enough financial and 

management ability to implement EVSM. In addition, a level three of data recording is 

also needed, which might cost much effort and requires high staff involvement. Any 

company that cannot meet the above two requirements is considered not competent for 

implementing EVSM. 

Besides of the difference in function and data types, EVSM requires a higher level of 

employee involvement than VSM. VSM can be in the charge of a value stream manager 

(Rother & Shook, 2003) who can walk through all the areas and functions in the value 

stream. And the data collection for VSM can be done by only a few people or even value 

stream manager himself. Data collection for EVSM, however, is more detailed, requiring 

more people to help with. Thus, at least, the operators on each value stream activity should 

take careful note of necessary information, such as time. 

EVSM has shown its focus by its full name that is “environmental value stream mapping”. 

Thereby, its focus is on the environmental wastes generated by the value stream activities 

rather than overall building activities (e.g. energy and water cost by HVAC, garbage 

generated in office, transportation by business travel) or along the value stream.  
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8. Conclusion & Recommendation 
Inspired by the use of VSM in visualizing the lean performance of a value stream, this 

thesis is dedicated to developing an EVSM which can be used for the visualization of the 

environmental performance. Sharing the same material flow and information flow map, 

EVSM has an almost same appearance as VSM has. The only thing to do for transforming 

a VSM into an EVSM is to identify a new set of key performance indicators. By reviewing 

the literature, indicators (i.e. seven environmental wastes) for environmental performance 

are identified and defined. Meanwhile, the measurement methods for each waste are 

briefly introduced. 

By identifying the indicators for EVSM, it is supposed that the core work of establishing 

an EVSM current map for a value stream is to measure the amount of each existing waste 

and such work will cost a lot of efforts. Thus, EVSM requires a higher level of staff 

involvement. Otherwise, it is difficult to visualize the environmental performance. This 

deduction was verified by a practical study in CH Industry AB, which is a 60-year old 

metal-sheet processor. By visiting CH Industry, it is found that they have their own 

database which is in the charge of Anders Lundgren, the quality and environment manager 

of CH Industry. However, all the data collection work is done by him alone. Thus, the 

environmental data CH kept is not comprehensive enough. The data needed by drawing 

EVSM current map is not readily available. Consequently, the EVSM map cannot be 

obtained. The practice in CH Industry is just a means to test how important the data record 

to carrying out EVSM. What’s more, to different production, different importance 

rankings of the seven environmental wastes might necessarily exist. 

As regards waste measurement (i.e. data collection), a model defining three levels of data 

collection is produced. In order to carry out EVSM, the highest level is needed for most 

manufacturers. However, the middle level also can realized EVSM only when any single 

machine in a value stream is dedicated, which means a single machine can process only 

one kind of product or product family.  

Because the EVSM development is limited to designing for use in industries such as 

machining, assembly, foundry, etc. The EVSM model in this thesis might not be viable in 

other industries, such as chemistry and food. Besides, the model does not consider the 

overall building activities, which might take a large part of the total waste produced by the 

whole company. Thus, the future work is supposed to put more attention on the wastes 

produced by overall building activities. 

VSM is a waste unless it is done for improvement. This principle also applies to EVSM. 

This thesis is only dedicated to developing current map, visualizing the environmental 

wastes existing in a specific value stream. Once the current map is sketched, a future map 

should then be drawn. Thus, this is also recommended to complete in future research. 
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Appendix 1 Preliminary EVSM Model 
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Appendix 2 CH- Layout with Material Flow 
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Appendix 3 CH- VSM 
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Appendix 4 CH- EVSM 
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9:00&12:00
Twice a day

9:00&12:00
Twice a day

daily

5 days

1 day

1 day

3 days

2 days

Volvo

Twice a week

T:52
F:54

C/T = 600 s

C/O = /

#1:23000 kg
#2:22500 kg

Power = 195000 kwh

Material = 27%

Garbage = 220000 kg

…
.

Power = 600 kwh

Material = 0

Garbage = 0

…
.

Power manual = 6500 kwh

Power machine = 8000 

kw/h

Material = 12 %

Garbage = 100000 kg

Emission = 4197 kg.

Power = 0

Power by ventilation = 

350000kwh

Material = 1 %

Overall

Power = 780 000 kwh

Garbage =  5000 kg

Material = 700000 kg

Power = 72000 kwh

Diesel = 8000 L

 


