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Abstract 
Lean refers to the concepts of Lean operations, Lean principle, Lean philosophy, etc. It is 

what people often talk about in operation management. Clean refers to the concepts of 

being green, environmental friendly, less environmental impact, etc. These two words 

seem to be unrelated, but somehow connected.  

 

In this thesis, we explored the linking between Lean and environmental issues; analyze 

the possible benefits of coordination between Lean and environment. In the case study, 

we assessed the overall Lean performance of Alderholmens mekaniska, a local 

manufacturing company in Gävle, Sweden. This company was seeking for solutions of 

their environmental wastes in the production.  

 

We found that Lean activities could be used to achieve environmental objectives. Lean 

methods are capable of reducing environmental waste. To coordinate Lean and 

environmental issues could foster an organizational culture of continuous improvement in 

order to encourage people to improve for better overall performance; this also benefits the 

environmental performance.  

 

Based on the observation in the company, and the questionnaire made during an interview 

with their Lean specialist, we gave some proposals on Lean implementation with 

emphasis on environmental issues, in order to solve their problems of environmental 

wastes and, furthermore, improve the performance.  
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1 Introduction 

Developed from Toyota Production System (Slack et al., 2004), the principle of Lean has 

been widely used as the core of business strategy to create a competitive advantage by big 

global corporations like Toyota, Honda, Boeing, General Electric, General Motors, etc. 

Most manufacturing companies in the world have adopted some type of Lean initiative 

(Liker & Morgan, 2006). 

 

Moving towards the elimination of all wastes (Slack et al., 2004), the majority of Lean’s 

contributions to business success come in terms of performance improvement and cost 

reduction, e.g. as a part of Lean, the famous Just-in-time technique greatly increases the 

overall performance in production, and Zero-inventory approach minimize the inventory 

cost (Harrison & Remko, 2005). Since companies realize the significance of environment 

protection, the benefit of Lean in the environment perspective has gained more attention 

and becomes an interesting subject for research.  

 

Alderholmens mekaniska is a small 

manufacturing company in Gävle, 

Sweden. Since founded in 1983, the 

company has been keeping itself in 

a small size, around 13 employees 

at the moment.  Their main 

businesses are welding, machining, and assembly of hardware component (Alderholmens 

mekaniska AB, 2010). In their product category, they can manufacture up to hundreds 

kinds of components and finished goods according to customer demand. The company 

has a pull strategy, which means they produce to customer order, instead of produce to 

inventory. This pull strategy can be seen as their first try of Lean methods that it helps 

decrease the inventory, which caused serious problems for the company years ago.  

 

Fast response to customer demand, short lead time in production, and quick delivery 

become the slogan of the company and they are consistently working on it. At the 

moment of our observation in their production, they were running on an order of 

component for the lifter for disables. In hours this batch of product would be assembled 

on the pallets, ready for delivery. Thanks to their performance based on Lean method, in 

2007 the company earned 22.5 million SEK as the revenue. Experienced the benefit of 

Figur 1: logo of Alderholmens mekaniska 
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Lean, the company decided to go further in Lean implementation to improve their overall 

performance and solve the problems regarding environmental wastes from production. 

 

There are two workshops in the company, about 1000 m2 in total. Operations, like CNC, 

metal cutting, welding, take place in the bigger workshop with an office on one side. The 

smaller workshop is used for assembly and some manual work. Compared with the 

amount of machines placed in the workshop, the workshop is not big enough. The layout 

must be designed somehow to allow the machines to be placed orderly. In the middle of 

bigger workshop, there is an information board. People can easily communicate by 

adding a piece of paper, stating the problems and difficulties they have in operation. 

 

The company works in many different materials, however, mainly in steel, plastics, 

metals stocks, bake-liter, etc. The inefficiency usage of these materials is a big problem 

the company has to face. Our contact person, Mr. Oskar Sannö, a specialist working on 

Lean in the company, introduced us that the amount of metal waste in production is a 

serious problem to them.  

• Firstly, it costs a lot to purchase the raw material and have it delivered. 

• Secondly, there will another high expense for the disposal of the metal waste. In 

every single month, the collected metal waste can fill up the whole container, 

approximately 12 m3. 

• Last, also the most important, the metal waste will impact the environment. 

 

Another environmental waste, waste water, also requires attention. A certain amount (not 

specified) of water is used for cooling and cleaning the machines.  

 

The company pays for professional company to dispose the metal waste and waste water. 

However, despite the high expense, once waste is produced, it cannot be vanished; it will 

impact the environment anyway. The best way is to prevent the waste from happening. 

The company is seeking for solutions to their problems in environmental wastes. Will 

Lean be the answer? What can Lean do to environmental issues? This is what we need to 

find out in our thesis. 
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2 Aim and research questions 

The aim of this thesis is to explore the linking between Lean and environment issues, and 

the benefit of their coordination, then give proposals for establishing a Lean organization, 

with emphasis on waste elimination in order to reduce environment impact. Our research 

questions are: 

1. What is the linking between Lean and environmental issues? 

2. What are the benefits of coordinating Lean and environmental issues?  

3. How can Alderholmens mekaniska implement Lean with emphasis on  

environment issues 

 

Knowledge about how to implement Lean is lacking in the academic literature, especially 

when it comes to small and medium enterprise (SME). Therefore, how to implement 

Lean with emphasis on environmental issues is what we are going to do in this study.  
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3 Methodology 

3.1 Literature review 

Literature review was a majority of our research. We sought for theoretical support by an 

ongoing literature review on existing knowledge of both Lean and Environment. Since 

our research explored the linking of Lean and environment issues, a deep knowledge in 

both areas was essential to carry out the work.  

 

Three online databases, namely ScienceDirect, Emerald, and Wiley InterScience, 

provided us most of the journals we needed. We searched for keywords like “Lean”, 

“clean”, “environment management”, etc. Textbooks were also used for further reading 

sometimes. We had found some supportive theories from articles and journals, as well as 

reports from institutes, like the Environmental Protection Agency of United States (U.S. 

EPA, 2007 & 2009). However, the study on Lean and environment issues is pretty new 

(the earliest research might be done by U.S. EPA at the beginning of 2000s), so that not 

much existing knowledge concerned it. We found a very limited number of journal 

articles about for our study.  

 

We also sought for knowledge of “green supply chain” and “cleaner production”, aiming 

to find out what was the role of environment issues in supply chain and production, and 

why people emphasized on its importance in business.  

 

With an overall view of Lean and environment issue, we were able to find out if there 

was a linking between them. Furthermore, we were also going to analyze the benefit to 

coordinate Lean and environmental issues. The answers to research question No.1 and 

No.2 would be direct outcomes of literature review. 

 

3.2 Case study 

To answer research question No.3, we made an exploratory case study on a local Swedish 

company in Gävle named Alderholmens mekaniska, in which company people were 

trying to achieve better business performance by implementing Lean methods and in the 

meanwhile with some consideration of environment impact. According to Yin (2009), we 

chose to make this single-case study, because Alderholmens mekaniska is a typical 
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manufacturing company in the industry. It is representative (Yin, 2009). This case study 

could capture the circumstance and conditions of commonplace situation (Yin, 2009). In 

this single-case study, we assessed the current performance of the company, emphasized 

their environmental performance. The result of assessment might indicate environmental 

problems that other similar companies also had. Proposals on Lean implementation with 

emphasis of environment issues in their operations seemed to be attractive and interesting 

to the company.  

 

One of the most important sources of information in case study was interview (Yin, 2009). 

We visited the company on May 19th, 2010. We aimed to gather information about their 

business and daily operations which concern Lean and environmental wastes, as well as 

other types of wastes. We first had a direct observation in the production area. Then we 

had an in-depth interview with our contact person in the company who’s responsible for 

Lean implementation (Yin, 2009). Our interviewee was the key information provider. The 

interviewee started with his introduction of the company and their operations in 

production. Then we asked question regarding their work on Lean, the kinds of 

environmental waste they produced, and how they deal with the wastes, etc. As this 

interview was our best, and only, chance to get information from him, we tried to get as 

much information as we could before proceed to the next step – questionnaire. 

 

Case study requires an inquiring mind during data collection (Yin, 2009). One 

questionnaire had been designed for assessing of the company’s overall Lean 

performance. Our questionnaire was designed based on the framework of a self-

assessment tool designed by Tidd et al. (2005).  The original tool was used to assess the 

Innovation Capability of an organization; while our questionnaire assessed the Lean 

performance with emphases on environment. We replaced 35 questions, in total 40, from 

the original tool, with completely new contents; modified 5 questions which could be 

used in our assessment. 

 

Every question in our questionnaire could be seen as a statement of a proper Lean 

organization. All the eight questions in the dimension of Waste Elimination were directly 

concerning environment issues; seven more questions in other dimension also concerned 

environment issues indirectly. For example, ongoing training to employees and a culture 

of continuous improvement are both significant for environment and Lean. 

 

The answerer gave a score to each question that mostly matches the situation of the 

organization. Scores ranged from minimum 1 to maximum 7. A given description of 
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scores in the questionnaire might help distinguish the scores (see details in appendix: 

questionnaire on Lean performance). Gathered answers to all questions, we would 

calculate and presented the final result immediately.  

 

As the questionnaire was answered, we quickly reviewed each answer and continually 

asked ourselves the reasons behind the answers (Yin, 2009). We discussed with our 

answerer on those questions which might provide us more useful information. We asked 

questions like “why do you give such a score to this question”, so that we could get 

details of the cause behind the scores. For example, to discuss the result of question No.2, 

we knew what kind of training the company was offering to employees. These details 

helped us understand the company deeply. Based on the result and discussion, we made 

our proposals afterwards in the thesis.  

 

Alderholmens mekaniska has authorized us to use their company name and any 

information we got from the interview in the thesis. A full copy of the final thesis would 

be delivered to the company after issue. 

3.3 Limitation 

In our thesis, we made case study on a single company. Our questionnaire, the major 

source of information to assess the company’s performance, was answered by one person 

only. This might be our limitation. However, we argued that in a small company, like 

Alderholmens mekaniska with only 13 employees, one answered questionnaire could also 

provide enough information to us. 

 

Our contact person is the only person who works with Lean in the company. He has 

knowledge of Lean; he has awareness of the importance of environment. He has worked 

in the company for 3 years, he knows the company well. He is considered as the best 

person to answer our questionnaire. In big companies with complex organizational 

structure, it may be better to select more people for questionnaire. But in Alderholmens 

mekaniska, we believed his answers had best validity. 

 

3.4 Validity of case study 

Analytic generation can be used whether the case study involves one or several cases 

(Yin, 2009). Our findings in the case study also exposed the problem of environmental 
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wastes that other similar companies in the industry might have. To increase the validity of 

our case study, we used multiple sources of evidence in data collection, such as interview 

and direct observation (Yin, 2009). Our procedures of case study were documented as we 

introduced in methodology. To repeat the same procedure again could get the same 

findings and conclusion. 

 

To avoid over dependent on the information provided by our interviewee, we made direct 

observation before the interview. We, two observers, made notes on anything information 

from our observation. During the interview, we also used questionnaire to collect 

information. The interviewee was not notified about any content of the questionnaire. Our 

notes from direct observation and interview, as well as the answer to questionnaire could 

be seen as a part of our case study database (Yin, 2009). 

 

While the questionnaire was answered, we did not interrupt. We only explained the 

questions if answerer required. This ensured that answers to questions were absolutely 

based on answerer’s opinion with no concerns of us. What we expected from the 

questionnaire was a result which could represent the real performance of the company. 

 

We found that scores to some questions are over estimated. For example, in the 

dimensions of Continuous Improvement, and Organization & Culture, some questions 

with score 7 may deserve a lower score. However, we did not intend to suggest him to 

revise, but discuss those questions carefully. Misestimated score indicates hidden 

problems. We tried to extract more details from the discussion. 

 

We also thought about what may cause his over estimation. It is most likely because of 

the shortage in time to answer our questionnaire. His time is valuable. We took a longer 

time in interview than originally planned. For a questionnaire requires careful 

consideration, time is certainly limited. 

 

To ensure the validity of questionnaire, we discussed the result with our interviewee (Yin, 

2009). In the discussion, we found that although we thought some scores in the dimension 

of Continuous Improvement, and Organization & Culture are over estimated, it does not 

change the fact that as a small company of only 13 employees, their performance in those 

two dimensions are high enough. As result stated, their weaknesses in overall 

performance are Waste Elimination and Management; they’re doing well in other three 

dimensions. Our contact person confirmed the result of questionnaire represents the real 
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situation of the company. He agreed us to evaluate the company based on the result and 

any information he provided us. 
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4 Theoretical framework 

4.1 Definition of Lean 

In 1913, Henry Ford, the first person to integrate a complete production process, made a 

system to turn the inventories of the whole company every few days as possible as it can 

(The Library of Congress of USA, 2007). In 1930s, engineering expects at Toyota found 

it was possible to make simple innovations to provide continuity in process flow as well 

as in product offerings (Smeds, 1994). In 1950s, in the automobile industry, 

manufacturers started trying new methods to develop its production with fewer time and 

cost, but maximum productivity (Womack et al., 1990; U.S. EPA, 2003). By the end of 

last century, Lean was so well developed as a leading strategy to the world. This is the 

track of Lean’s development. 

 

Since the first time Womack et al (1990) introduced a clear definition of the process of 

Lean in their book named “the machine that change the world”, Lean has become a 

worldwide dominant strategy for organizing production systems (Karlsson & Ahlstrom, 

1996). Focus on providing services and products according to real demand of customer, 

Lean organize and optimize production in the perspective of a whole-system (Tice et al., 

2005). The strong competitiveness drivers have made Lean widely adopted by business in 

different industries, both manufacturing and service sectors (Tice et al., 2005).  

 

Lean has not only one definition, because authors have different understanding of Lean 

and may look at it from different perspectives, but most of the definitions concern the 

concept of waste elimination, lead time, quality and cost. Slack et al. (2004) defines the 

principle of Lean as “moving towards the elimination of all waste in order to develop a 

faster and more dependable operation with higher quality product/service at a low cost”. 

Another definition of Lean is a business model and collections of methods that help 

eliminate waste while delivering quality products on time and at least cost (U.S. EPA, 

2007).  

 

In all the definitions of Lean we have found, the first highlight is always the importance 

of waste elimination. In fact, waste elimination is the foundation of Toyota Production 

System, the earlier form of Lean (Womack et al., 1990), and is considered as one of key 

elements of Lean (Slack et al., 2004; U.S. EPA, 2009; Harrison, 1992). Similarly, Shah 

and Ward (2007) indicated that the basis of Lean is the absolute elimination of waste.  
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4.2 Key elements of Lean 

4.2.1 Elimination of waste 

Lean is a never ending journey of waste elimination (Liker & Morgan, 2006). Waste, 

originally muda in Japanese, is defined as any activity which creates no add-value for 

customers (Slack et al., 2004; Harrison & Remko, 2005; Pojasek, 2003), but consumes 

resources (Larman & Vodde, 2009). From the customer perspective, waste does not add 

any value at all (Liker & Morgan, 2006), for example, the cost of inventory is added to 

the price of product but customers do not get any actual value more than the product itself. 

Therefore, customers do not want to pay for the non-value-added activities. 

 

Toyota identifies seven types of waste, which applies both in manufacturing and service 

(Slack et al., 2004): 

1. Over production.  

2. Waiting time.  

3. Waste of transporting.  

4. Unnecessary process.  

5. Inventory.  

6. Unnecessary motions.  

7. Defects.  

 

Over production means to produce the amount of product more than customer demand, or 

more than the need of next operation. It is often the biggest source of waste (Slack et al., 

2004; Harrison & Remko, 2005). Over production waste raw material, energy, and time 

to produce, also it will cause other problems like high inventory, shortage in cash flow, 

etc.   

 

Waiting time means a wasted idle time in the operation. Waiting time occurs in the 

operation when labor or machine is not used efficiently. To the customer, waiting time 

extends the lead time which decreases customer satisfaction. Reduce set-up time is an 

important way of eliminating waiting time. 

 

Transportation is a big source of energy consumption, and it definitely releases a large 

amount of air emission to environment. Any waste in both internal transportation, like 
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trucks in the warehouse, and external transportation, like delivery from production all the 

way to customer, should be a target for elimination. Eliminating the need for transport is 

far better than reduce the distance (Shingo, 1981). 

 

Inventory means the storage of raw material, work-in-progress, spare parts, and finished 

goods. In many articles, inventory is considered as the most important source of waste 

(Karlsson & Åhlström, 1996). Apart from being wasteful, inventory also hides other 

problems, preventing their solutions (Hayes, 1981), e.g. reduce the inventory of work in 

progress could also release the capital employed. While, Smalley argues that not all 

inventory is waste; only inventory beyond what is need to run the process is waste 

(Smalley, 2010). 

 

Defects are usually significant in operation. It consumes raw materials, time, energy in 

production. If it comes to customers, it will cause more problems. Defects need to be 

disposed or reworked. Doing wasteful work such as rework faster is still waste (Liker & 

Morgan, 2006). Disposal of defect may cause the problems in environment. In order to 

achieve zero defects, it is essential that all parts and products are fault free from the very 

beginning (Karlsson & Åhlström, 1996). A further result of zero defects is that the size of 

the adjustment and repair areas in production can be reduced (Karlsson & Åhlström, 

1995). 

 

Unnecessary process and unnecessary motion make the operations more complicated than 

what is required to provide a product or service. They are also the target of waste 

elimination.  

 

4.2.2 People involvement 

People involvement, so called Respect-for-humans, encourages team based problem-

solving, job enrichment, job rotation and multi-skilling. It aims to encourage a high 

degree of personal responsibility, engagement and ownership of the job (Slack et al., 

2004).  

 

Ongoing training to employees is significant for Lean. Smalley (2010) sees well-trained 

workforce as the basic stability of Lean. One expert in Toyota Motor Corporate stresses 

the importance of man power by saying: “…build people first, and then build the 

product” (Hino, 2006). Larman and Vodde (2009) mention in the article, that the real 

advantage of Toyota is the ability of use the intellect of ordinary employees. 
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People are the key to successful Lean implementation (U.S. EPA, 2007). It is good to 

involve employees as much as possible in the planning, implementation, and evaluation 

of changes (Sohal, 1996). Individual employees are encouraged to leave suggestions and 

proactively identify waste (Karlsson & Ahlstrom, 1996).  

 

Driving the Lean process are people who work hard as a team to achieve common 

objective (Liker & Morgan, 2006). Perhaps the most salient feature of the work 

organization in Lean production is the extensive use of multifunctional teams (Karlsson 

& Åhlström, 1996). A multifunctional team is a group of employees who are able to 

perform many different tasks. Each team has the responsibility to perform all the tasks 

along a part of the product flow. The benefit of multifunctional team is to increase 

flexibility and reduce dependence on single persons (Karlsson & Åhlström, 1996). It 

requires more staff training on a number of functional areas, e.g. material handling and 

control, purchasing, maintenance, and quality control, etc. A multifunctional team is 

expected to perform supervisory tasks, because there is no supervisory level in the 

hierarchy (Karlsson & Åhlström, 1996). Teams need a leader and a direction; otherwise 

there is a risk that they will lose focus (Sohal, 1996). Team members must agree on what 

should be done and how it should be done (Sohal, 1996). 

 

4.2.3 Continuous improvement 

If the elimination of waste is the most fundamental principle of Lean, then Continuous 

Improvement can be said to come second (Karlsson & Åhlström, 1996). Continuous 

Improvement, originally Kaizen in Japanese, is a key element of Lean. One fundamental 

Lean belief is that, for a business, it is possible to get closer and closer to perfect 

performance (ideal state) in every respect over time (Slack et al., 2004). The driving force 

of Lean is to achieve such an ideal state so that the business can maximum its competence 

in the market. Perfection is the only goal (Hayes, 1981).  

 

Usually Continuous Improvement means to get incremental changes over time. 

Everybody in the organization needs to realize that it will take a long time to achieve 

Lean. The pillar of Lean is to challenge everything; the true value of Continuous 

Improvement is to create an environment which embraces changes (Liker, 2004). 
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4.3 Organization & Culture 

In addition to what we introduced in People Involvement, Lean fosters a continuous 

improvement, waste elimination culture that involves workers throughout the 

organization (Tice et al., 2005). It takes many years to become a lean learning 

organization and the hard work required to start to build such a culture (Liker & Morgan, 

2006).  

 

In such a culture, learning may be the first ability to develop (Senge, 1990). Different 

from other types of learning, Lean recommends learning by doing. Liker & Morgan 

(2006) mention in their research, serious learning only comes from action at where the 

work is done. To build a Lean culture, requires support from top management and 

involvement of everyone in the organization, because culture can only be transferred 

through people (Liker & Morgan, 2006). 

4.4 Operation 

Slack et al. (2004) introduced five performance objectives which applied to all types of 

operation. 

Quality: it means to provide error-free products or services to satisfy customers (Slack et 

al., 2004). High performance in quality can reduces costs by shorten the time spent on 

correcting mistakes and the time spent on rework of defects. High quality also increases 

the lifespan of a product. 

Speed: it means to do things fast; increase the availability of products or services, and 

shorten the lead time for customers (Slack et al., 2004). 

Dependability: it means to do things on time; for example, deliver the products or 

services on the time you promised your customers (Slack et al., 2004). 

Flexibility: it means the operation must be able to change to meet unexpected customer 

demand (Slack et al., 2004). 

Cost: it means to operate at a low cost, which ensures the appropriate price in the market 

and the profit return to organization. 

4.5 Management 

Two major functions of management are planning and control. The purpose of planning 

and control is to ensure effective and efficient operations in order to produce products and 

services to meet customers’ demand (Slack et al., 2004). Planning is to formalize what is 
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intended to happen in the future; but a plan does not guarantee that an event will actually 

happen (Slack et al., 2004). Control is the process of coping with changes. Control makes 

adjustments which allow the operation to achieve the objectives that set by planning. 

Management becomes more and more automated. In the long term, organization can set 

vision and strategy for business development; in the short term, organization can plan for 

everyday’s schedule of operations. 

 

 

4.6 Driving force of Lean 

The ultimate goal of implementing Lean in operation is to increase productivity, enhance 

quality, shorten lead time, reduce cost etc. The determinants of a Lean production system 

are the actions taken, the principles implemented, and the changes made to the 

organization to achieve the desired performance (Karlsson & Åhlström, 1996). The 

driving forces for Lean are deeply rooted in business competitiveness, capital 

productivity, and customer satisfaction (Tice et al., 2005).  

 

To enhance the qualification of people may be another driving force of Lean. As 

introduced earlier, Lean requires people to have multi-skills, work in teams, take 

responsibility proactively, and keep learning new knowledge, etc. All of these 

requirements make people greatly improve their ability. If we agree people is a kind of 

asset of the organization, Lean makes this asset more valuable.  

 

4.7 Lean methods 

Lean is like a big box of tools, where organizations can always get one tool to solve their 

problems. Here we briefly introduce some widely used techniques. 

 

Vertical information systems (VIS): information is important for multifunctional teams in 

order to be able to perform according to the goals of the company. The objective of VIS 

is to provide timely information continuously, directly in the production flow (Karlsson 

& Ahlstrom, 1996). 

 

Value stream mapping is a process mapping method used to document the current and 

future states of a value stream, including all the information and material flows needed to 
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deliver value to customers. It is usually used to identify targets for Lean improvement 

activities (Tice et al., 2005). 

 

Kaizen rapid process improvement events are structured, worker-oriented events lasting 

three to seven days that support the continuous improvement of production activities 

(Tice et al., 2005). 

 

5S is an improvement process that involves five steps (Sort, Set in Order, Shine, 

Standardize, and Sustain) to create and maintain a clean, neat, and orderly workplace. 

Many organizations add a sixth “S” for Safety. Standard work represents the best way to 

consistently perform a given operation in a way that minimizes all forms of production 

wastes, such as excess movement and waiting time (Tice et al., 2005). 

 

Visual controls (such as signs, colored lights, and production control charts) are visual 

cues used to reinforce standard work and display the status of an activity for all 

employees to view (Tice et al., 2005). 

 

Just in time is a production scheduling concept that calls for all raw materials, supplies, 

work in process, and finished goods to be available precisely when needed (Tice et al., 

2005). It relates to making material flow through process very fast, getting the right part 

to the right place at the right time (Liker & Morgan, 2006). 

 

4.8 Environmental wastes 

Environmental waste is an unnecessary or excess use of resource or a substance released 

to the air, water, or land that could harm human health or the environment (U.S. EPA, 

2007). Environmental waste occurs when companies use resource to provide products or 

services to customers, and/or when customers use and dispose of products (U.S. EPA, 

2007). Environmental wastes do not add value to customer but they represent costs to the 

enterprise and society in general (U.S. EPA, 2007).  

 

Environmental waste can also directly affect production flow, time, quality, and cost. 

Environmental wastes can result in huge costs to business. In many cases, the cost 

associated with pollution and wasted energy, water, and raw materials can be significant 

(U.S. EPA, 2007). The chemicals and hazardous materials used in a process often 
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demand costly support activities, which can create unnecessary risks to worker’s health 

and safety (U.S. EPA, 2007). 

 

Environmental wastes can be found in almost any process. Environmental wastes are 

often a sign of inefficient production, and they frequently indicate opportunities for 

saving cost and time (U.S. EPA, 2007).  

 

Three major kinds of environmental wastes include: (U.S. EPA, 2007): 

• Energy, water, or raw materials consumed in excess of what is needed to meet 

customer needs. 

• Pollutants and material waste released into the environment, such as air emissions, 

wastewater discharges, hazardous wastes and solid wastes. 

• Hazardous substance that adversely affect human health or the environment 

during their use in production or their presence in products. 

 

Although we know what waste is and where it occurs, we cannot make it vanish. 

Whatever technology we develop, whatever approach we deploy, waste is fundamental 

(Weinrach, 2002). Once waste is produced, it does not stop in the production, or in the 

company. It will eventually impact the environment. 
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5 Findings 

5.1 Theoretical findings 

5.1.1 Linking between Lean and environment issues 

Not many organizations realized that Lean activities can be used to achieve 

environmental objectives. People often overlook the opportunity to prevent or reduce 

environmental waste in Lean implementation.  

 

The U.S. Environmental Protection Agency presents a table of environmental impact 

associated with wastes targeted by Lean. From Table 1 we can see that Lean naturally 

reduces some of the environmental impacts because of its inherent waste elimination 

focus (Tice et al., 2005). Many environmental gains arise because environmental impacts 

are embedded within the production wastes targeted by Lean (Tice et al., 2005).  

 

Organizations can improve their performance of Lean implementation by considering 

environmental impacts, so that environmental wastes can be identified explicitly during 

Lean activity (U.S.EPA, 2007).  

Table 1: Environmental impact of waste (U.S. EPA, 2009) 

Waste Type Environmental Impacts 

Over production • More raw materials and energy consumed in making the 

unnecessary products  

• Extra products may spoil or become obsolete requiring disposal 

• Extra hazardous materials used result in extra emissions, waste 

disposal, worker exposure, etc. 

Inventory • More packaging to store work-in-process 

• Waste from deterioration or damage to store work-in-process 

• More materials needed to replace damaged work-in-process 

• More energy used to heat, cool, and light inventory space 

Transportation & 

Motion 

• More energy use for transport 

• Emissions from transport 

• More space required for work-in-process movement, increasing 

lighting,  heating, and cooling demand and energy consumption 
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• More packaging required to protect components during 

movement 

• Damage and spills during transport 

• Transportation of hazardous materials required special shipping 

and packaging to prevent risk during accidents 

Defects • Raw materials and energy consumed in making defective 

products 

• Defective components require recycling or disposal 

• More space required for work and repair, increasing energy use 

for heating, cooling, and lighting 

Over processing • More parts and raw materials consumed per unit of products 

• Unnecessary processing increases wastes, energy use, and 

emissions 

Waiting • Potential material spoilage or component damage causing waste 

• Waste energy from heating, cooling, and lighting during 

production downtime  

 

 

Lean not only reduces environmental waste, but also helps prevent pollution by providing 

access to detailed process information, involving stakeholders in the process, and 

ensuring supports from top management (Vanderheyden et al., 2004). Lean views the 

organization as a whole. It focuses on overall performance than individual departments. 

This also applies to environment issues. 

 

Tice et al. (2005) found more similarities between Lean and environment issues that:  

• They both aim to involve people in the entire organization, crossing the boundary 

of departments, at all levels;  

• They both rely on a continuous improvement philosophy supported by 

performance measurement; 

• They both seek to foster an organizational culture that encourage people to take 

the responsibility of solving problems and improve for better. 

 

Furthermore, Lean improves the effectiveness of environment management by connecting 

the continuous improvement activities to larger financial drivers. Lean provides a set of 

tactical methods that can support effective environment management (Tice et al., 2005). 
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U.S.EPA (2009) has been working on the analysis of Lean methods about their potential 

environmental impact. Taking examples of three Lean methods in Table 2, we can see 

that Lean methods can benefit the environment in various ways. 

 

Table 2: Potential environmental benefits of Lean methods (U.S. EPA, 2009) 

Lean Methods Potential Environmental Benefits 

Kaizen Rapid 
Improvement 
Events 

• continual improvement culture focused on eliminating waste  
• uncovering and eliminating hidden wastes and waste-generating 

activities  
• quick, sustained results without significant capital investment  

5S (or 6S) • decreased lighting, energy needs when windows are cleaned and 
equipment is painted light colors  

• spills and leaks noticed quickly  
• decreased potential for accidents and spills with clearly-marked 

and obstacle-free thoroughfares  
• reduced contamination of products results in fewer product defects 

(which reduces energy and resource needs; avoids waste)  
• reduced floor space needed for operations and storage; potential 

decrease in energy needs  
• less unneeded consumption of materials and chemicals when 

equipment, parts, and materials are organized, easy to find; less 
need for disposal of expired chemicals  

• visual cues can raise awareness of waste handling/management 
procedures, workplace hazards, and emergency response 
procedures  

Just-in-Time • eliminates overproduction, thereby reducing waste and the use of 
energy and raw materials  

• less in-process and post-process inventory needed; avoids potential 
waste from damaged, spoiled, or deteriorated products  

• less floor space needed; potential decrease in energy use and less 
need to construct new facilities  

• can facilitate worker-led process improvements  
• less excess inventory reduces energy use associated with transports 

and reorganization of unsold inventory  

 

 

However, Lean also has weaknesses to improve regarding environmental performance. In 

the perspective of waste elimination, it focuses on the amount of waste, but does not 

concern whether there is an alternative solution of more environmental friendly or less 

hazardous materials. Also, Lean only intends to eliminate waste which occurs during 
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production, but environment management cares about the full product life cycle impact. 

For example, waste could occur at disposal of product (Tice et al., 2005). 

 

5.1.2 The benefit to coordinate Lean and environmental issues 

To coordinate Lean and environmental issues offers an opportunity for business 

improvement. It can strengthen Lean results, and improve the organization’s performance 

in environment (U.S. EPA, 2007). To consider explicit objectives of environment during 

Lean implementation can help Lean to identify hidden environmental waste, thus create 

more value for the organization. 

 

Lean has an effect on driving down the volume of raw materials, water, energy, chemical 

usage and wastes, by focusing on the elimination of any non-value-added activities. It 

enables important competitiveness to organizations in both cost reduction and 

environmental impacts, especially in manufacturing industry (U.S. EPA, 2007).  

 

Growing evidence highlights the value of coordinating Lean and environmental issues. In 

the last ten years, researches by U.S. EPA (2007) indicated many successful cases that 

companies have gained huge benefits by achieving environmental objectives during Lean 

implementation: 

• The Boeing Company reduced chemical usage per airplane by 11.6 percent and 

reduced floor space by 200,000 square feet.  

• General Electric's jet engine facility in Peebles has found that Lean helps to 

reduce its greenhouse gas emission in order to save cost, e.g. fuel consumption 

for engine testing from 20k gallons to 10k gallons; this simply saves 1 million 

USD for the company.  

• General Motors eliminated 258 tons per year of solid waste and reduced purge 

solvent used by 369 tons in the first year of Lean implementation… 

 

Furthermore, coordinating environmental issues will motivate people in the organization 

who work with Lean. When they know their work has benefit to the society and the world, 

there can be substantial positive effect on organizational morale. It can empower 

employees and further enhance productivity (U.S. EPA, 2007). 

 

To coordinate Lean and environmental issues helps to build up a strong and healthy 

public image. Nowadays, organizations begin to integrate social responsibility, e.g. 
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environment protection, into their core business strategy. Companies that can 

manufacture products with fewer environmental impacts have the potential to capture 

significant competitive advantages. In many markets products with superior 

environmental performance can attract new customers (U.S. EPA, 2007), because 

customers do not want to buy environmental wastes, impacts, or risk. 

 

Impressed by benefits of coordination of Lean and environmental issues, enough 

evidence can support the argument that “Explicit consideration of environmental goals 

and opportunities during Lean implementation can create significant value for an 

organization, decrease material costs, and reduce liability and the risk of compliance 

violations; also improve the work environment for employees” (U.S. EPA, 2007). 

 

5.2 Case study 

Toyota Motor Corporation has a world famous production system that is second to none 

(Liker & Morgan, 2006). Even in Toyota, the founder of Toyota Production System 

which is earlier form of Lean, it was difficult to establish Lean at the beginning. Toyota 

has been reluctant to publish or even endorse what they consider to be the right way to 

implement Lean (Smalley, 2010).  

 

 

In the first step of the case study, we assess the current performance of Alderholmens 

mekaniska, in order to give the readers an overview. Afterwards, we give constructive 

proposals in the conclusion of this thesis on how to implement Lean for the company 

according to their current problems; hopefully it can help improve their competitiveness 

in the future. Now, we analyze the current Lean performance on each dimension. 

 

  

5.2.1 Waste Elimination 

The company has inventory for raw material. It was a serious problem two years ago that 

there was raw material in stock for years. It took space to hold the inventory and money 

were tied up. After the company implemented pull strategy, it prevents inventory of 

finished goods. However, in order to ensure short lead time, inventory of raw material is 

still necessary.  
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Some of the processes in the production need to be utilized for better efficiency. As it 

may not cause big problems, details are not specified in the discussion. 

 

Defects are not rare to see in their production, sometimes occur in operations, sometimes 

are found in finished goods. The main reason is because of manual work in the work shop. 

The usage of CNC machines highly decreases the rate of defects, but some manual work 

stations remain. People with skills on manual work are not familiar with how to operate 

machines. Also, based on our observation, the layout of the workshop barely affords more 

machines.  

 

Continue with the topic of defects, customer complaints give pressure to the company to 

control their product quality, decrease defects. There is not yet a technique applied in 

production to prevent defects. Observation based on personal experience is the current 

way to exam defects. Quality test, or even better a quality control system, is lacking in the 

company. 

 

Overproduction is no longer a problem since pull strategy implemented. Now, production 

only starts when customer places an order. As previously mentioned, pull strategy is the 

first try of Lean in the company. Elimination of overproduction is the achievement that 

remarkably benefits the company.  

 

Due to the bottleneck in the operation of cutting material, slight problem occurs in term 

of waiting time. The operator of cutting machine works part time, which means he does 

not always stand by. Cutting may not be frequently required in production. Therefore, the 

company is not willing to pay a full time worker if most of his time is idle. It makes 

cutting operation become a bottleneck. Materials required by other operations must wait 

until the operator is available. Tasks accumulate, then takes space to storage materials, 

finally extends lead time. The more frequent cutting operation is demanded, the more it 

affects the overall efficiency. 

 

Frequent transportation is required for daily delivery. The timely delivery helps decrease 

inventory of finished goods, meanwhile produce more air emission. A third party logistics 

company carries out the transportation, but it does not change the fact that Alderholmens 

mekaniska, the producer of goods, should be responsible for the environmental impact.  

 

What deserves most attention in waste elimination is the amount of environmental waste 

produced, including metal waste, wastewater, use of chemical, etc. As introduced at the 



 

23 

 

beginning of this thesis, wasted metal fragments can fill up an entire container at about 

capacity of 12 m3 per month; water used for cleaning and cooling is a big consumption; 

some chemicals are used in the operations to maintain machines. Measures on the amount 

of waste produced are missing. Besides above, the air quality and noise in production also 

need improvement.  

 

5.2.2 Continuous Improvement 

The company provides training to employees. One local professional Lean education 

provider is paid to train the employees in Alderholmens mekaniska on how to implement 

a Lean method named 5S. It is an improvement process that involves five steps (Sort, Set 

in Order, Shine, Standardize, and Sustain) to create and maintain a clean, neat, and 

orderly workplace. The training of 5S, as well as other training, is seen as an investment 

for employees to develop their abilities. The trainings are welcome but some people may 

resist learning new knowledge, because of their own personal characters. 

 

In the 5S training program, there are other three companies take the same training 

together with Alderholmens mekaniska. They are partners in the Lean education. They 

implement what they learn in their own companies and share their experience with each 

other. These partners meet 3 or 4 times annually. 

 

People in Alderholmens mekaniska seek for opportunities to improve. The owner invests 

in new machines and new tools to motivate employees to achieve better performance. The 

discussion board in the bigger workshop encourages people to communicate, share 

information, and solve problems together. Helping each other is the way to foster their 

responsibility for improvement. 

 

Everybody in the organization understands the importance of improvement. But it lacks a 

specific measurable target. Activities for achieving better performance will be agreed and 

supported by employees. The company encourages people to suggest ideas for important. 

People, not all of them, can learn from their successes and mistakes. There is no clear 

reward policy but success is recognized and sometimes documented. 
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5.2.3 Organization & Culture 

Alderholmens mekaniska has a typical flat organizational structure. The owner of 

company leads the management of daily business and other 12 employees operate in the 

workshop. For such an organizational structure, it is easy to ensure effective 

communication. Employees freely communicate with the manager. 

 

The whole company works as a big team, with some multi-skilled employees. Except the 

operator of cutting operation, the dependency on single person is low. People are 

respected, and invested to develop their ability, e.g. offer training. 

 

Sufficient resource is allocated to activities, events, or project of improvement. There is 

no redundant employee in the company, everybody has something to do. But there are 

people with outdated skills, who are not suitable for changes at present or in the future. 

For example, if in the future the company decides to replace all manual work station with 

auto machines, employees with only manual skills may get misemployed. 

 

Furthermore in the dimension of organization & culture, people from work floor are 

involved in planning, decision-making, and implementation. Employees are proud of 

being a member of the company. The company does not benchmark their performance 

with the leading companies in the industry. 

 

5.2.4 Management 

The manager of Alderholmens mekaniska is also its owner. Since company founded, the 

ownership has changed twice, the first time in 2003, and once again in four years later. 

The new owner decided to give his support to implement Lean for improvement. 

 

The mission of the company is to meet customer demand. Customer satisfaction is 

everything they focus in business. No statement of specific future vision is documented. 

There is no long term plan for business development. It is most likely the company keeps 

its current size, but improves for better efficiency in the future. Once any plan or decision 

is made, it will be understood by employees. Policies, for example environmental policy, 

are not clarified to public. 
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It is unclear whether risk management is done. We do not know how the company 

prevents business failure, e.g. what happen in case of shortage of cash flow; how to deal 

with market change, etc. They prefer to make quick responses to customer and market. 

 

Short term schedule for daily operations is made by computer. All the workers can check 

their weekly schedule. After each task, people know what to do in the next step. It is hard 

to make long term schedule because orders are not stable. A weakness in the dimension 

of management is that Alderholmens mekaniska does not involve customers and suppliers 

in product development. 

 

As introduced previously, the whole company works as a big team. There is no doubt that 

their overall performance is more important than individual performance. 

 

5.2.5 Operation 

People proactively take responsibility to solve problems. The limitation in the knowledge 

of Lean and environment issues must the reason why there is still a big amount of waste 

produced in operations. They need to learn more to identify waste effectively. 

 

The layout of workshop is designed to place their machines and work stations. Almost 

every available area in the workshop is fully used. Whether or not the layout supports 

high efficiency, we do not know without a profession assessment on it. But it is certain 

this layout has reached its maximum capacity, no more space for new machine. If the 

company can get a bigger factory, efficiency in perspective of internal logistics can be 

enhanced. 

 

Compared with other suppliers in Sweden, Alderholmens mekaniska is running at a low 

operational cost. To eliminate environmental waste seems to be the way to save more cost. 

 

Professional workers and CNC machines ensures flexibility in production. Operations can 

switch in short set up time. People try to simplify their operations to be more efficient and 

easier. Their operations are reliable. Products are manufactured, packaged, and delivered 

in short lead time. Despite the problem of defects, their product and service has a right 

quality to customer demand. 
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5.2.6 Overall performance 

In the discussion with our contact person after the questionnaire, we found that some of 

the scores in dimension of Continuous Improvement and Organization & Culture are over 

estimated. We will discuss it in later part of thesis. Generally we and our contact person 

both agreed that the result represents the current situation of the company. The result is 

valid so that we make proposals based on it. Figure 2 shows an overview of their 

performance in the five dimensions. 

Figure 2: Overall Lean Performance chart 

 

Waste Elimination is a weak part of their overall performance. This is within our 

anticipation. The low score is surely a sign of weak performance; however, it indicates 

the opportunity for future improvement. To eliminate waste, especially environmental 

waste in Alderholmens mekaniska, can bring a significant improvement on overall 

performance. It is the reason why we need to emphases environmental issues in Lean 

implementation. 

 

To get higher scores in the dimension of Continuous Improvement and Organization & 

Culture than other three dimensions is reasonable for the company of only 13 employees. 

Simple organization structure in such a company avoids many problems that big 

companies have. Company culture is easier to establish here, changes are done easier and 

faster. The manager has less constrains in decision-making. It is very helpful when 

implement new strategies, like Lean. 
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High score in the dimension of Operation does not surprise us. Keep in mind, this 

company has existed for almost 30 years. They know the market; they know how to make 

product for customers. Regarding the score in dimension of Management, only one 

person works in daily business management. The performance is acceptable. 

 

In Table 3, it indicates the answers to each question. Please refer the answers to the 

questionnaire in the appendix. 

 

Table 3: the answers to questionnaire on Lean Performance 

 
No. Score No. Score No. Score No. Score No. Score 

  1 2 2 5 3 6 4 6 5 6 

  6 3 7 7 8 7 9 7 10 4 

  11 4 12 5 13 6 14 5 15 6 

  16 4 17 4 18 6 19 4 20 7 

  21 6 22 5 23 7 24 5 25 5 

  26 5 27 7 28 6 29 2 30 6 

  31 3 32 5 33 1 34 6 35 6 

  36 1 37 5 38 7 39 5 40 6 

Sum 28 43 46 40 46 

÷8 

÷7 
50% 76% 82% 71% 82% 

Your 

score 

for 

… 

Waste             

Elimination 

Continuous 

Improvement 

Organization                 

& Culture 
Management Operation 
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6 Discussion 

Study on Lean and Clean is a new area of research. Knowledge on both Lean and 

environmental issues are the fundamental. The researches by U.S.EPA (2007 & 2009) 

provided most knowledge to support our thesis. Our theoretical findings, research 

question No.1 and No.2, support their arguments that Lean could improve environmental 

performance by elimination of environmental waste and foster an organizational culture 

of continuous improvement; the coordination of Lean and environmental issues benefits 

the company, namely explicit consideration of environmental objectives during Lean 

implementation creates value for the company. 

 

Alderholmens mekaniska is a small manufacturing company. This company competes in 

the market by its flexibility and fast delivery. They produce according to customer 

demand; therefore they do not have a choice on the material used, whether environmental 

friendly or not. They also cannot influence the environmental impact when products are 

disposed after use. However, they can eliminate the environmental wastes occur in the 

production.  

 

In our case study, it is proved that environmental waste can be a major source of waste, 

which is targeted by Lean. Environmental issues are highly concerned in the weak part of 

overall performance of Alderholmens mekaniska. To implement Lean with emphasis on 

environmental issues can lead to a significant improvement to the company. 

 

We used scientific method to assess the current performance of the company. Our 

questionnaire worked well in the case study. It was helpful for us to evaluate the company. 

The result exposed problems in the company. 

 

Furthermore, our theoretical findings could apply to organizations, large or small, in 

operation sector or service sector, as long as the organizations produce environmental 

wastes. However, the questionnaire might be particular designed for manufacturing 

companies, as it contained questions about operations which companies in the service 

sector did not have. Although people might make similar proposals to other companies, 

our proposals only applied to Alderholmens mekaniska. 
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7 Conclusion 

Based on a broad literature view on existing knowledge of Lean and environmental issues, 

and some articles of related knowledge we made research on the linking of Lean and 

environmental issues; analyzed the benefit of their coordination. In a case study of one 

local manufacturing company in Gävle, Sweden, we assessed its current Lean 

performance and here gave our proposals on how to implement Lean with emphasis on 

environmental issues, in order to solve their problems of environmental waste in 

production, in the meanwhile enhance their overall performance. 

7.1 What is the linking between Lean and environmental issues? 

In our theoretical findings, we have found that Lean can improve environmental 

performance by explicitly identify environmental waste in waste elimination. Both Lean 

and environment rely on a continuous improvement in the organization with involvement 

of all people. Endless approaching perfect, Lean implementation fosters a culture that 

both benefit business performance and environment. Lean methods have potential to 

benefit the environment effectively. 

7.2 What are the benefits of coordinating Lean and environmental 

issues? 

To coordinate Lean and environmental issues can strengthen Lean results and 

improvement environmental performance. It will also motivate people to take the 

responsibility for improvement. Also, the coordination of Lean and environment helps 

build up a strong public image. 

 

7.3 How can Alderholmens mekaniska implement Lean with 

emphasis on environmental issues? 

In our case study, we made assessment on the current performance of Alderholmens 

mekaniska by observation, questionnaire, and discussion with employee. A valid result, 

which represented the real situation of the company, indicated that waste elimination, 

precisely metal waste and wastewater, was definitely a weakness of their performance. 

Environmental waste becomes a problem the company must solve. We made proposals 

like the following: 
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Develop people 

We suggest developing people first before any strategy implemented. People are essential 

to any change in the organization. Education of the employees was critical in overcoming 

the problems (Sohal, 1996).  

 

Organizational learning is necessary condition for continuous improvement and builds on 

all of the other principles (Liker & Morgan, 2006). Our first proposal to Lean 

implementation is to provide more comprehensive education to the employees in 

Alderholmens mekaniska. The education should cover the basic knowledge of Lean 

operations and knowledge of environmental waste.  

 

By telling stories of successful cases in the industry, make people realize that there are 

alternatives and better ways of performing tasks (Sohal, 1996). What they need is to 

change people’s attitude on Lean and environment issues. Give them examples of how 

Lean could improve their performance, and how environment protection benefits the 

company. Awareness of the importance of environment is required for identification of 

waste. 

 

Identify waste 

Waste elimination is a “must” in Lean operations. To identify waste is the first step 

towards it. In order to eliminate the metal waste and wastewater in production, the 

company must add environmental metrics to Lean metrics. It means the company must be 

able to identify environmental waste, set it as a priority target of waste elimination.  

 

The following are examples of types of environmental metrics (U.S. EPA, 2007). 

  

• Non-product output 

• Materials use 

• Hazardous materials use 

• Energy use 

• Water use 

• Air emission 

• Solid waste 

• Hazardous waste 

• Water pollution/waste water 

  

In the case of Alderholmens mekaniska, materials use and water use are of importance. 

Some exercises may help to practice the ability of waste identification. 
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Training is clearly the foundations of any change initiative, without which an 

organization is likely to face numerous problems (Sohal, 1996). We suggest the training 

of waste identification take place at the workshop, where people work. They can walk 

around the workshop and write down any environmental wastes they observe. With the 

list of wastes they found, try to express what kind of environmental impact they have; 

also think about some benefits if these wastes are eliminated. This training of waste 

identification can deepen people’s knowledge of Lean and environmental issues. 

 

Other trainings are also necessary for the employees. As previously mentioned, there are 

still some manual work stations in Alderholmens mekaniska. Sooner or later, these 

manual works will be replaced by more efficient and productive machines. People 

without skills on operating machines must gain new training to survive. To hire new 

worker seems easier than spend time and money in the training. But to develop existing 

employees is much more worthy, because it takes time for new people to join in the 

organizational culture.  

 

Analyze root causes 

Lean analyzes the root cause of waste and solves the problem essentially. After people 

have a list of observed waste, they can start analyzing the root cause of waste. Check 

every activities and operations from the start of production till the products delivered. Use 

Lean method, like Value Stream mapping, to specify what inputs are required to start an 

operation and what the expected outputs are. Any found non-value-added activities 

should be documented.  

 

If people are motivated to contain the problems and solve them at the root causes, it is an 

endless journey of improvement (Liker & Morgan, 2006). Involve people in the analysis 

of root causes of those non-value-added activities. Collect ideas from people, evaluate the 

options for improvement, and choose the best one to implement. All the ideas gathered 

should be documented, including name of people who propose useful suggestions. It 

helps in motivation of employees.  

 

Performance measure 

For any improvement, it needs a specific objective, and then the performance must to be 

measured according to the objective. Lean performance is based on measurement. The 

company shall measure its current performance before an objective is set. Taking an 

example of metal waste in production, the company needs to measure how much metal 

waste is produced in a period of time, weekly or monthly. The measure can be in term of 
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amount of metal waste, and in term of cost. Weight the metal waste and calculate the 

expense on the purchase of raw material of metal and the cost to dispose it. 

 

Make an objective for improvement and estimate the benefit from it. Here we suggest 

making an objective that is specific, measurable, relevant, achievable, and time-based. 

Once an objective is decided, make sure everyone in the company agrees on it and 

supports the improvement.  

 

Use Lean methods 

Lean methods are powerful techniques. The company can choose one or more according 

to need. We suggest the company to focus on only one method at a time to master the 

technique. Anyway, we suggest the following Lean methods for improvement. 

 

• Value stream mapping: it helps to identify hidden waste in the process of 

production. This method will be the fundamental for waste elimination of metal 

waste and wastewater in Alderholmens mekaniska. 

• Just-in-time: it helps to reduce inventory of raw material in Alderholmens 

mekaniska, and solve the bottleneck in the cutting machine. Just-in-time requires 

cooperation with suppliers and customers. It is clear that suppliers must be a 

fundamental part of your lean product development system (Liker & Morgan, 

2006).The company needs more planning work on computer and frequent 

communication with supplier and customer.  

• Visual control: it makes environmental waste visible and simple to eliminate. It 

marks out where wastes are more likely to occur by signs or color light. Once 

problem is found (e.g. defect of product), people can notify the whole process to 

pause and solve problems immediately. 

 

We need to mention that the company should take consideration of the overall 

performance when apply a Lean method. Overly narrow applications of Lean tools could 

undermine the effectiveness of the Lean activities overall, including their potential to 

reduce environmental impact (Tice et al., 2005). 

 

Support from management 

It’s very important that the manager shows his support for coordination of Lean and 

environment issues. His decision and attitude determines the performance. According to 

U.S.EPA’s (2007) research, the management in the company provides supports in the 

following ways: 
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• Invest in Lean and environment training 

• Provide resource, tools and incentives to enable employees to succeed. 

• Include Lean and environment concepts in speeches, newsletters and other 

communications 

• Encourage people who work with Lean and environment to collaborate 

• Set performance goals and objectives related to Lean and environment 

• Track Lean and environment progress 

• Recognize and reward Lean and environment accomplishment. 

 

Continuous improvement 

The ability for a company to learn and improve may well be the most sustainable 

competitive advantage it has (Liker & Morgan, 2006).  To implement Lean strategy, with 

emphasis on environmental issues, takes time. It requires consistency. To approach Lean 

is not an event, but a never ending trip of continuous improvement. Some of the benefits 

may come up very soon. However, in the long run, the company will get more.  

 

Our last suggestion is to keep continuous improvement of Lean and environment 

performance. “Never stops or be stopped on the way towards better performance”. 

 

7.4 Future study 

In our future study, we prefer to further develop our questionnaire on Lean performance 

with emphasis on environmental issues. We hope the questionnaire can be evaluated by 

many people who work with Lean and environment in the organizations. We want to 

make sure the questionnaire can be used in any type of organization, all aspects of Lean 

performance is covered.  

 

If possible, we also would like to track on the development of Lean in Alderholmens 

mekaniska to see if any of our proposals work; to find out if the implementation of Lean 

with emphasis of environmental issues really benefits the company and to what extend it 

benefits the company.  

 



 

 35 

8 Reference 

 Alderholmens mekaniska AB (2010): http://www.alderholmensmekaniska.se/ 
access date 2010-06-09 

 Harrison, A. & Remko, v. H. (2005): Logistics Management and Strategy, 2nd 
edition, Prentice Hall, ISBN-0273685422 

 Harrison, A. (1992):  Just-in-time manufacturing in Perspective, Prentice Hall. 

 Hayes, R.H. (1981): Why Japanese factories work. Harvard Business Review, 

July-August 1981, pp. 57-66. 

 Hino, S. (2006): Inside the Mind of Toyota: Management Principles for Enduring 

Growth, Productivity Press 

 Karlsson, C. & Åhlström, P. (1995): Change processes towards lean production – 

the role of the remuneration system. International Journal of Operations & 

Production Management, Vol. 15 No. 11, 1995, pp. 80-99. 

 Karlsson, C. & Åhlström, P. (1996): Assessing changes towards Lean production. 

International Journal of Operations & Production Management, Volume 16, No. 

2, 1996, page: 24-41. 

 Larman, C. & Vodde, B. (2009): Lean Primer. www.leanprimer.com, access date 

2010-04-07 

 Liker, J. (2004): The Toyota Way. McGraw-Hill 

 Liker, J.K. & Morgan, J.M. (2006): the Toyota way in services: the case of Lean 

production development. Academy of Management Perspectives, May, 2006, pp 

5-20 

 Pojasek, R.B. (2003): Lean, Six Sigma, and the Systems Approach: Management 

Initiatives for Process Improvement. The journal of Environmental Quality 

Management, Volume 13, Issue 2, and Date: Winter 2003, Pages: 85-92. 

 Senge, P. (1990): The Fifth Discipline: The Art and Practice of the Learning 

Organization. Doubleday, New York, NY, 1990. 

 Shah, R. & Ward, P.T. (2007): Defining and developing measures of lean 

production, Journal of Operations Management 25 (2007) 785–805. 

 Shingo, S. (1981): A Study of the Toyota Production System from an Industrial 

Engineering viewpoint. Productivity Press, Cambridge, MA, 1981. 

 Slack, N. & Chambers, S. & Johnston, R. (2004): Operations Management, 4th 

edition, Prentice Hall, ISBN-0273679066 

 Smalley, A. (2010): Basic Stability is Basic to Lean Manufacturing Success, the 

Lean Enterprise Institute, www.lean.org access date 2010-04-01 

http://www.alderholmensmekaniska.se/�


 

 36 

 Smeds, R. (1994): Managing Changes Towards Lean Enterprise. International 

Journal of Operations and Production Management. Vol. 14, No. 3, 1994, pp. 

66-82. 

 Sohal, A. S. (1996): Developing a lean production organization: an Australian 

case study. International Journal of Operations & Production Management, Vol. 

16 No. 2 1996, pp. 91-102. 

 The Library of Congress of USA (2007): American Memory from the library of 

congress. http://memory.loc.gov/ammem/today/jul30.html, last updated on 2007-

07-27, access date 2010-05-06. 

 Tice, J. & Ahouse, L. & Larson, T. (2005): Lean production and EMSs: aligning 

Environmental Management with Business Priorities. Environmental Quality 

Management, winter 2005. 

 Tidd, J. & Bessant, J. & Pavitt, K. (2005): Managing Innovation: Integrating 

Technological, Market and Organizational Change. John Wiley & Sons; 3rd 

edition (24 Mar 2005). ISBN: 0470093269  

 U.S. EPA (2003): Lean Manufacturing and the Envrionment, issued by U.S. 

Environmental Protection Agency, authored by Ross & Associates 

Environmental Consulting, Ltd. In association with Industrial Economics, Inc. 

(U.S. EPA Contract # 68-D9-9018) 

 U.S. EPA (2007): Lean and Environment Toolkit, issued by U.S. Environmental 

Protection Agency, authored by Ross & Associates Environmental Consulting, 

Ltd. in association with Industrial Economics, Inc. (EPA Contract # EP-W-04-

23). 

 U.S. EPA (2009): the Environmental Protection Agency of the United States, 

http://www.epa.gov/lean/ access date 2010-04-05 

 Vanderheyden, K. & Coyle, S. W. & Downs, W. (2004): Combining Lean and 

pollution prevention implementation at Robins Air Force Base. Air & Waste 

Management Association, 2004 Annual Conference Proceedings, control number 

118. 

 Weinrach, J. (2002): The Lean, Green, Industrial Machine: The Other Side of 

Waste. Journal of Environmental Quality Management, Volume 11, Issue 3, Date: 

Spring 2002, Pages: 95-97 

 Womack, J.P. & Jones, D.T. & Roos, D. (1990): the Machine that Changed the 

World, Harper Perennial, New York. 

 Yin, R.K. (2009): Case study research: design and methods. 4th edition. Sage 

Publications, Inc; London. ISBN-10: 1412960991 

http://memory.loc.gov/ammem/today/jul30.html�


 

 37 

Appendix 

Questionnaire on Lean Performance 

The purpose of this questionnaire: 

The purpose of this questionnaire is to assess the Lean performance of organization in 

terms of five dimensions including Waste Elimination, Continuous Improvement, 

Organization & Culture, Management, and Operation. The result will indicate an overall 

present performance of organization in different perspectives, and hopefully give some 

insights on future improvement. 

 

How to use this questionnaire: 

This questionnaire is very simple to understand, taking about 5 to 10 minutes to answer. 

There are 40 questions, each of which can be seen as a statement. After reading each 

statement, give a score that mostly match the situation of your organization. Scores range 

from minimum 1 to maximum 7. The following description of scores may help you 

distinguish the scores: 

 

Score 7: I absolutely agree what it says in the statement. 

Score 6: somewhere between 5 and 7. 

Score 5: I partly agree what it says in the statement. 

Score 4: I don’t agree or disagree. 

Score 3: I partly disagree what it says in the statement. 

Score 2: Somewhere between 1 and 3. 

Score 1: I absolutely disagree what it says in the statement. 

 

After accomplish the questionnaire, sum up the scores of each dimension, divided by 8 

(the number of questions in each dimension) to get an average score of the dimension, 

then divided again by 7 (the maximum score, or the score of perfect performance), finally 

set the result into the format of percentage (%). 

 

E.g. if scores of one dimension sum up to 28, then its final result should be: 28/8/7=0.5, 

namely 50%.  

 

Put the final results of each dimension into the figure at the end of questionnaire to get an 

overview of the organization’s performance. 
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  Statement Score 

1-7 

1 
We have NO inventory of raw material, work-in-progress, finished goods;  

Or we only keep necessary inventory to ensure a smooth process of operations. 
  

2 We help our employees to develop by providing on-going training.    

3 
We have effective communication between employee and managers, across 

departments, and so on. 
  

4 We get support from top management.    

5 
We proactively take the responsibility to identity waste, solve problem and 

improve for better. 
  

6 
We have NO unnecessary process that could consume more raw material, 

energy, and water, etc. 
  

7 
We always seek for opportunities to improve, aiming to achieve the perfect 

performance in operation. 
  

8 We work in multi-functional teams, with no dependence on single person.   

9 We focus on customer demand; customer satisfaction is our mission.   

10 We have a well-designed layout to support high efficiency.   

11 
We produce NO defects in the product; if defect occurs, we can identify it from 

the very beginning, so it won’t go to next operation. 
  

12 We learn from our success and mistakes.   

13 
We respect every employee in the company and invest on developing their 

ability. 
  

14 
We have specific statement of mission, vision, strategies that are understood by 

employees, and open to public. 
  

15 Our operations are well done at a low cost in the industry.   

16 We have techniques to prevent defects from happening.    

17 We recognize and reward success.   

18 We allocate sufficient resource for project/ events/ activities of improvement.   

19 We have risk management to present failure of business.   

20 We are fully capable to ensure flexibility in operations.   
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21 
We have NO overproduction.  

We produce according to real customer demand and orders. 
  

22 We have a climate for creativity and innovation.   

23 There is no redundant employee in the organization.   

24 
We have short term schedule for operations and long term planning for business 

development.  
  

25 We always try to simplify our operations.   

26 
We have NO waiting time between operations. The required raw materials, 

parts, or other input of operations are always available with NO delays. 
  

27 
Everybody in the organization understands and agrees on the target for 

improvement. 
  

28 
We involve people, especially people from shop floor, in planning, decision-

making, and implementation. 
  

29 We involve our customers and suppliers in the development of product/service.   

30 Our operations are reliable.   

31 

We have NO need for transportation internally and externally;  

Or we use alternative energy, e.g. Hybrid power to reduce emission.  

In case of transportation, there is NO need for heat or cooling in transportation. 

  

32 We encourage people to suggest ideas for improvement.   

33 We benchmark our performance with the leader in market.   

34 
We focus on overall performance of the company, rather than single 

department. 
  

35 We provide service and/or product to customers in short lead time.   

36 

We do NOT produce any waste to environment including air emission, waste 

water, solid waste, etc. we do NOT use chemicals in production.  

We have NO storage, transport, or inventory of hazardous materials.  

  

37 We share our experience with our partners to help them improve.   

38 Our employees are proud of being a member of our organization.    

39 We have quick response to customer and market.   

40 Our product and service has the right quality to customer demand.   
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Assessment on questionnaire 
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Q&A to questionnaire: 

1. Is it normal to get a low score on the overall performance? 

Yes. A low score is surely a sign of low performance; however, it also indicates the 

awareness of opportunities for future improvement. 

 

2. Why the scores of business dimension and operation dimension are much higher 

than other three dimensions? 

Higher scores in business and operation dimensions only represents that the 

organization has high performance as a traditional business, while Lean organization 

requires overall performance of all the dimensions. 

 

3. Why people from the same company get different scores? 

This questionnaire allows slight difference in results by different answerers. The 

scores represent individual’s understanding of the organization. Usually different 

answers could come from people in different departments, between people in the 

shop floor and in the office, or between employees to managers.  

Influential factors could be experience in the organization, personal academic 

background (e.g. in the case of waste elimination, people with knowledge of 

environment may have a deeper understand of the fact that people who have no 

knowledge of it), personal attitude, etc. 
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