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Synergizing lean and green for continuous improvement
R. S. Wadhwa
Høgskole i Gjøvik
Gjøvik, 2802 Norway
Abstract. For many years small-medium enterprises (SMEs) have attempted to improve their manufacturing and environmental operation performance in a view to
achieving competitiveness and operational excellence. This paper looks at the literature in order to investigate the relationship between lean and green management and
their relationship to one another while keeping in mind their simultaneous implementation at a foundry SME. Separate literature streams have arisen to address issues in
green and lean using systems engineering tools but research has largely neglected the
intersection of the two. The presented research synthesizes the literature addressing
the intersections of green and lean and suggests a research agenda to address gaps.
Suggestions for implementing environmental management systems for sustaining
continuous improvement activities have also been provided.
Keywords: Six Sigma, Systems Engineering, SME.
1 Introduction
Today’s SMEs (Small-to-Medium sized Enterprises) need to address the increasing
global competition, decreasing product life cycles and increasing customer demands.
SMEs require more financial and technical assistance when compared to OEMs
(Original Equipment Manufacturers) when moving from reactive measures for the
end use of products to a more proactive consideration within environmentally benign
continuous improvement in plant operation. [1] Improving environmental performance while keeping regulatory costs down is one of the key challenges affecting the
future competitiveness of casting foundry SMEs.
Metalcasting produces a number of liquid, gas and solid waste streams, many of
which could have an adverse affect on the environment. On the other hand, it also
produces some positive impacts on the environment by preventing landfills of large
amounts of scrap metal. In the US the foundry industry spends over $1.25 billion/year

to comply with federal, state and local government regulations, although this number
does not include some smaller foundries, certain categories of environmental compliance costs from captive foundries reported under different industry classifications. [2]
About 40% of compliance costs are used for control, treatment, and disposal of air
pollutants and related sludge. Solid and hazardous waste disposal-sand bags and slagaccount for about 33% of the compliance costs. (Figure 1) Environmental compliance
costs are currently estimated to be 2% of the cost of a casting, which is expected to
increase to 5% in the near future. Sand casters face major environmental issues related to treatment and disposal of spent sands that may be contaminated with toxic
wates.

Fig. 1. Environmental cost by media
Manufacturing is a dominant sector in the European economy as well. The economic
importance of this sector is evident: it provides jobs for approximately 34 million
people; and produces an added value in excess of €1 500 billion from 230 000 enterprises with 20 or more employees [3]. However, it is widely perceived to be facing
serious challenges. This is particularly true of the manufacturers located in the highcost regions.
Lean production is often described as both a philosophy and a set of working practices with the goal of achieving high levels of customer satisfaction through increased
quality, reduced costs and world-class delivery performance. While	
   there	
   are	
   sepa-‐
rate	
  streams	
  of	
  established	
  research	
  on	
  green	
  and	
  lean	
  issues,	
  few	
  authors	
  have	
  
addressed	
  the	
  intersection	
  of	
  these	
  in	
  industrial	
  SME	
  scenarios.	
  This	
  is	
  a	
  critical	
  
oversight	
   because	
   firms	
   may	
   be	
   missing	
   synergies	
   available	
   through	
   improved	
  
concurrent	
  implementation;	
  they	
  may	
  also	
  be	
  failing	
  to	
  address	
  important	
  trade-‐
offs	
  that	
  may	
  arise	
  when	
  there	
  are	
  incompatibilities	
  between	
  strategic	
  initiatives.	
  
For	
   example,	
   lean	
   and	
   green	
   strategies	
   are	
   often	
   seen	
   as	
   compatible	
   initiatives	
  
because	
  of	
  their	
  joint	
  focus	
  on	
  waste	
  reduction.	
  
	
  
The ISO-9000 quality standard has been shown to be highly correlated with the adoption of ISO-14000 environmental standard. There is evidence of this relationship
across both lean interfaces, but quality improvement has not been explored at the
conjunction of all two strategies. The relationship yet to be explored at the interface of
the two strategies. Green initiatives focus on reducing pollution, while this is not a
priority driving lean. Managers in companies find it difficult to simultaneously implement these three strategies. For example, buyer-supplier alignment is addressed
differently across the three interfaces. Buyers often focus on low costs, whereas suppliers may incur greater costs while attempting to provide more environmentally re-
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sponsible or higher quality products. Lack of development may be due to the exploratory nature of research regarding the relationships between green and lean.
	
  

Environmental management may also represent an untapped avenue for further reduction of manufacturing costs through more efficient use of natural resources [4][5]. The
issue, however, of how to address the environmental management practices of vendors may prove to be a costly endeavour if not managed taking into consideration a
number of important economic factors. To date there has been only limited anecdotal
discussion of the legitimate incentives for SMEs to extend environmental management beyond their immediate boundaries.
The paper is organized as follows. Section II presents the research methodology followed by the industrial use case in section III. Section IV describes the suggested
plan for continuous improvement and environmental performance management at
SMEs and finally, the summary is presented in section V.
2 Research Methodology
Common drivers and barriers lead to both complementary and conflicting arguments
across green and lean strategies. Synthesizing the literature in the areas of green and
lean allows the researchers to draw inferences about a combined green and lean strategy. Four major factors motivate firms to adopt some combination of these strategies:
cost reductions, customer demands, international standards such as ISO-9000 and
ISO-14000, and risk management. Toyota is a good example of a firm that has successfully integrated a green and lean strategy in a global setting. The company’s
commitment is evident through its ISO certifications and financial investment into
quality and environmental research and development. [6][7]
2.1 Lean and Green manufacturing
Lean	
   manufacturing	
   is	
   based	
   on	
   the	
   principles	
   and	
   working	
   processes	
   of	
   the	
  
Toyota	
   Production	
   System,	
   and	
   has	
   been	
   defined	
   as	
   doing	
   more	
   with	
   less	
   [8].	
  
Lean	
   manufacturing’s	
   most	
   distinguishing	
   principle	
   is	
   the	
   relentless	
   pursuit	
   of	
  
waste	
  [9].	
  It	
  has	
  been	
  most	
  prominent	
  in	
  discrete,	
  repetitive	
  assembly-‐type	
  oper-‐
ations.	
  Liker	
  [11]	
  suggests	
  that	
  the	
  goals	
  of	
  lean	
  manufacturing	
  are	
  highest	
  quali-‐
ty,	
  lowest	
  cost,	
  and	
  shortest	
  lead	
  time.	
  It	
  can	
  be	
  described	
  as	
  a	
  multi-‐dimensional	
  
approach	
   that	
   encompasses	
   a	
   wide	
   variety	
   of	
   management	
   practices,	
   including	
  
Just-‐in-‐Time	
  (JIT),	
  quality	
  systems,	
  work	
  teams,	
  cellular	
  manufacturing	
  supplier	
  
management,	
   etc.	
   in	
   an	
   integrated	
   system	
   [12].	
   Distribution	
   and	
   transportation	
  
operations	
   networks	
   are	
   important	
   operational	
   characteristics	
   that	
   will	
   affect	
  
green	
  manufacturing	
  value	
  stream.	
  [19]	
  With	
  the	
  rapid	
  increase	
  of	
  long-‐distance	
  
trade,	
  supply	
  chains	
  are	
  increasingly	
  covering	
  larger	
  distances,	
  consuming	
  signif-‐
icantly	
   more	
   fossil-‐fuel	
   energy	
   for	
   transportation	
   and	
   emitting	
   much	
   more	
   car-‐
bon	
   dioxide	
   than	
   a	
   few	
   decades	
   ago.	
   [20]	
   Lean	
   manufacturing	
   value	
   streams	
   typ-‐
ically	
   have	
   lower	
   emissions	
   due	
   to	
   reduced	
   inventory	
   being	
   held	
   internally	
   at	
  
each	
   company,	
   but	
   the	
   frequent	
   replenishment	
   generally	
   tends	
   to	
   increase	
   emis-‐
sions.	
  As	
  distances	
  increase,	
  it	
  is	
  quite	
  possible	
  for	
  lean	
  and	
  green	
  to	
  be	
  in	
  con-‐
flict.	
  Lean	
  may	
  be	
  green	
  in	
  some	
  cases,	
  but	
  not	
  in	
  others.	
  
3

	
  
The	
   reverse	
   logistics	
   focuses	
   primarily	
   on	
   the	
   return	
   of	
   	
   recyclable	
   or	
   reusable	
  
products	
   and	
   materials	
   into	
   the	
   forward	
   supply	
   chain.[21]	
   To	
   reintroduced	
   recy-‐
cled	
  	
  materials,	
  components	
  and	
  products	
  into	
  the	
  downstream	
  production	
  and	
  
distribution	
   systems,	
   it	
   is	
   necessary	
   to	
   integrate	
   reverse	
   material	
   and	
   infor-‐
mation	
   flows	
   in	
   the	
   supply	
   chain.	
   Due	
   to	
   the	
   reverse	
   material	
   flow,	
   traditional	
  
production	
   planning	
   and	
   inventory	
   management	
   methods	
   have	
   limited	
   applica-‐
bility	
   in	
   	
   	
   remanufacturing	
   systems.	
   Therefore,	
   it	
   is	
   necessary	
   to	
   consider	
   the	
  
existence	
  of	
  the	
  returned	
  items	
  that	
  are	
  not	
  yet	
  remanufactured,	
  remanufactured	
  
items	
  and	
  manufactured	
  items.	
  
	
  
2.5 Lean for Better Environmental Management
Some researchers have established links between the occurrence of practices that
support manufacturing sustainability and firms adopting lean manufacturing
strategies. This work attributes the mutual benefits between lean production and
environmental management practice to the reduced waste and continuous
improvement philosophies of lean.
The objective of lean is to generate a system that is efficient and well organised and
devoted to continuous improvement and the elimination of all forms of waste. The
potential for a benefit to manufacturing SMEs environmental management practice is
high. The practices that support lean manufacturing are similar to the practices that
support environmental performance. Lean production is broadly described as an
integrated approach to the management of a manufacturing organisation, that
encompasses a wide variety of practices, including JIT, quality systems, work teams,
cellular manufacturing and supplier management. The lean production philosophy
focuses on avoiding seven forms of waste and on respecting customers, employees
and suppliers [7][8][32]. A sizeable body of empirical work supports the capacity of
the lean system to remove continuously multiple forms of waste, smooth production
flow, improve understanding of human resource management issues, maintain quality
and increase customer service, while also yielding a significant competitive
advantage.
3 Industrial Use Case
3.1 DMAIC Methodology
There are two major methodology approaches that have been reported in the literature for implementing lean, the DMAIC (Define-Measure-Analysis- ImproveControl) and the DMADV (Define- Measure-Analysis-Develop-Verify) [37][33]. The
DMAIC approach is recommended for analyzing and improving the existing product
or process, while the DMADV approach is appropriate for designing new product or
process.
An exploratory six sigma case study conducted at the parent company based on the
five phases of the methodology: Define, Measure, Analyze, Improve and Control
(DMAIC) is described shortly. The DMAIC approach is described which was used to
dig deeper into the non-conforming components received by the parent company from
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two tier-one suppliers. This exploratory case study were conducted within the energy
industry in order to examine the nature of the complex interactions between the two
major constructs lean and environmental sustainability at the parent company and its
first tier vendor. Interviews were conducted with key purchasing, production and environment staff within the parent company and case study conducted with one firsttier parts vendor. Interviews with at parent company (government owned, around
15000 employees worldwide) were selected from a sample that represented major
groups of responsibility and decision making.
At the first tier vendor (privately owned, around 220 employees, supplies foundry and
special sub-assembly components, supplies about 80 per cent of their business to the
parent company) two- to three-hour semi-structured interviews were conducted with
the operations manager, production supervisor and quality/environment manager. A
site tour was conducted to look specifically at shop floor layout, warehouse and receiving inspection areas. The relevant stakeholders completed a self-assessment questionnaire at the completion of the site visit.
DMAIC Process
A. Problem Definition
Defining the problem is the most important step in Six-Sigma project since better
understanding of the problem at this stage will help at the later stages of the project.
In order to define the objectives of the project, manufacturing company’s claims were
investigated. The management needed to resolve the problem of long process lead
time. The relevant KPIs were be identified, linked and then measured.
The critical-to-quality (CTQ) indicator was defined as below:
CTQ= Identified Defects / Shipment Flex Hoses per year
The company claimed that reducing the hose non-conformance issues by 50% would
help the company save USD17,629.
B .Measuring the scope of problem
During the measure phase, the various non-conformance issues with the incoming
components from the vendor were identified and measured in scope using company
proprietary software. The top root causes were identified against the parent
company’s requirements and standards. The detailed product hierarchy and its relation
to the final product assembly is confidential.
The attribute agreement analysis was conducted using data from the company’s SAP
system which also had the appraisers within the company which were needed to make
the assessment. The questionnaire was provided to the appraisers from the company
in free-text format.

5

The operational definitions of defect and opportunity defined by the company are
shown in a flowchart in Figure 2. The measurement system for defect and opportunity
was capable as the Kappa values in the test exceed the allowable value of 0.7.

Fig. 2. Operational definitions
C. Analyze the causes
After the first two phases of DMAIC approach, it was decided to focus on the
improvement plan to reduce the non-conformances. It was important to further study
the potential causes/key input variables (KPIVs) of the non-conformances using 4M
(man, machine, material, method) categorization method. Additional cause and effect
matrix analysis was conducted in which key output variable (KPOVs), nonconforming product/incoming shipment was selected as the performance measure. A
hypothesis test was conducted to compare the capability of the two vendors for the
commodity resulted in a P-Value = 0.768 which demonstrated no significant
difference in the capability between vendors. One of the vendor related issues
uncovered were, for example, missing incorporating the purchase order requirements
from the parent as a part of the vendor’s internal assembly .
D. Improve the exiting processes
The improve phase consisted of several activities organized to address the nonconformance causing factors. Onsite vendor meetings were organized to discuss
engineering drawing requirements, company and industry-wide standards and the
importance of compliance to the requested specifications. With the agreement of
internal company stakeholders processes were updated to incorporate the suggested
improvements.
E.Control
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The control phase is the last stage for the DMAIC approach. A control plan was
design and introduced to the production line. The plan provides a summary of the
control application which aims to minimize the process variation and ensures
producing top quality products. In addition, the control plans guarantees that the
proposed solution is properly implemented and monitored. It was reported that as a
result of the recommendations, the customer claim rate was reduced by 55%.
Results : Parent Company
At the parent company the following early results were obtained:
• Greater than 80 per cent of respondents believed that the greatest influence
of the parent company over the vendor’s environmental management practices occurred during sourcing and to a lesser extent (but still possible) during production trials. Greater than 70 per cent of respondents did not believe
that it was possible for the parent company to influence or develop a vendor’s environmental management practices during ongoing production.
	
  

•

The majority agreed that the following situations would encourage them to
discuss with, monitor and assess a vendor’s environmental performance: if it
presented a risk to the parent company’s production system; and if it was a
well documented, resourced and standardized aspect of their purchasing.

Tier-one Vendor Company
The vendor had undergone a lean transformation with the direct assistance of the parent company. The vendor had not obtained ISO 14000 certification. The following
early observations were gathered at the vendor:
•

•

The commitment to ongoing process improvement an meeting the requirements of the customer at this plant was high. The customer’s requirements
for environmental performance were a more important driver for change than
the regulatory environment.
The culture for improvement at the vendor was strong, with worker involvement high and worker attitude towards change, highly positive. Resources committed to the environment were very low however, and the SME
appeared to be just keeping up with its lean transformation and its significant
growth during the year.

When developing the kaizen implementation plan associated with the future state
value stream map, it was noticed that continuous improvement events on certain processes may require special attention to EHS issues.
5 Summary
The	
   current	
   literature	
   is	
   abundant	
   with	
   discussion	
   on	
   the	
   individual	
   strategies,	
  
but	
  has	
  thus	
  far	
  not	
  addressed	
  how	
  firms	
  can	
  implement	
  these	
  strategies	
  concur-‐
rently.	
   A	
   thorough	
   examination	
   of	
   the	
   individual	
   bodies	
   of	
   literature	
   was	
   used	
   as	
  
7

a	
   means	
   to	
   guide	
   future	
   research	
   at	
   the	
   intersection	
   of	
   green	
   and	
   lean	
   strategies.	
  
The	
   future	
   research	
   agenda	
   addresses	
   gaps	
   in	
   the	
   current	
   literature,	
   and	
   suggest	
  
relevant	
   framework	
   from	
   which	
   to	
   explore	
   this	
   phenomenon.	
   The	
   agenda	
   pre-‐
sented	
   in	
   this	
   paper	
   allows	
   for	
   future	
   research	
   that	
   begins	
   to	
   meet	
   the	
   call	
   for	
  
potential	
  work.	
  
	
  
In	
   terms	
   of	
   limitations,	
   this	
   research	
   paper	
   makes	
   use	
   of	
   only	
   one	
   case	
   study.	
  
Though	
  the	
  case	
  study	
  demonstrate	
  useful	
  insight	
  into	
  working	
  through	
  quality	
  
processes	
   and	
   integrating	
   environmental	
   concerns	
   into	
   already	
   in	
   place	
   quality	
  
management	
   system;	
   this	
   is	
   simply	
   the	
   start.	
   Research	
   investigating	
   this	
   integra-‐
tion	
  with	
  other	
  manufacturing	
  models	
  outside	
  of	
  the	
  energy	
  business	
  is	
  planned	
  
in	
  the	
  near	
  future.	
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