
Sustainable Manufacturing:

Lean Manufacturing, Six Sigma, and Total Quality Management can help inform environmental and social decision making as part of 

a manufacturing organization’s sustainable strategy. Although each strategy has a diff erent philosophical foundation and set of guiding 

principles, each is inherently concerned with improving product quality to drive customer satisfaction. Both Lean Manufacturing and 

Six Sigma use established guidelines to analyze and assess how to improve the manufacturing process and decrease product defects in 

the production line. TQM is primarily focused on satisfying stakeholder expectations to increase company value. Although each of 

these strategies, when applied, can improve an organization’s sustainability performance through things like reducing waste, increasing 

stakeholder engagement, and lowering resource consumption, the strategies do not directly address sustainable concerns. In fact, a strategy 

may lead an organization to make unsustainable decisions if precautions are not taken to address the environmental eff ects of process 

changes. However, each strategy can be purposefully aligned with sustainable objectives to help improve a manufacturer’s environmental 

and social impacts. A number of case studies have illustrated the fusion between each strategy and the philosophy of sustainable 

manufacturing. Th rough using its existing manufacturing improvement strategy, fusing multiple strategies together, aligning the strategy 

with sustainable principles, and performing sustainable assessments of manufacturing processes, manufacturers can improve their 

environmental impacts and process effi  ciencies without making major changes to their overall manufacturing management strategies.
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As environmental and social concerns grow, all 
organizations, regardless of size, location, or industry, 
are feeling pressure from regulators, customers, 
and other stakeholders to evaluate and adjust 
their business practices in order to improve their 
environmental and social performance. In the case 
of the manufacturing sector, retailers and consumers 
no longer just care about product quality and 
price. Retailers, consumers, and other stakeholders 
increasingly expect manufacturers to develop 
production operations that minimize environmental 
impacts and conserve natural resources in a way that 
is safe for employees, communities, and consumers 
(U.S. DOC, n.d.). Today, products are judged by the 
methods used to manufacture and transport them, as 
well as on their price and quality.

Additionally, manufacturers are feeling pressure from 
regulators in the form of increased environmental 
and social legislation. Industry Week reports a 
300 percent increase in climate change regulations 
between 2002 and 2007, aff ecting all manufacturers 
that are part of a corporate supply-chain in all 
geographic regions (Friedman, 2007). 

Eff orts to reduce the environmental impacts of 
manufacturing operations have traditionally been 
viewed as obstacles to profi tability and effi  ciency, 
but many manufacturers are discovering that eff orts 
to reduce environmental and social impacts result 
in reduced operating costs and improved employee 
satisfaction. Besides saving in operational expenses, 
companies also benefi t from environmental 
improvements through product marketing. 

 But how are manufacturers making 
sustainable improvements to manufacturing 
operations? Th rough focused eff orts in sustainable 
manufacturing practices, either through independent 
initiatives or in conjunction with manufacturing 
management systems that are already in place. 

Th ere are a number of manufacturing management 
systems that help address some issues of 
sustainability through their focus on improving 
product quality. But these manufacturing 
management systems only address some sectors 
of sustainability, and can even damage sustainable 
eff orts without proper oversight. 

Th is white paper discusses the core concept 
of sustainable manufacturing, and assesses the 
strengths and weaknesses of three commonly used 
manufacturing management systems in terms of 
their ability to address sustainable issues. Th e three 
systems that are discussed are Lean Manufacturing, 
Six Sigma, and Total Quality Management. Th e 
paper provides descriptions of each strategy, presents 
the positive and negative aspects of each strategy, 
and makes clear connections to how sustainable 
manufacturing concepts are further integrated into 
each of the management systems, specifi cally to 
improve environmental and social performance. 

As mentioned previously, Lean Manufacturing, 
Six Sigma, and Total Quality Manufacturing all 
address some issues of sustainability through their 
philosophies and processes for improving product 
quality. 

Executi ve Summary
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Lean Manufacturing focuses on collaborative 
employee engagement throughout the production 
process to the eliminate waste of materials, time, and 
labor. Six Sigma uses highly trained teams who apply 
metrics to make recommendations for improving 
the production process through reducing product 
defects. TQM focuses on stakeholder concerns 
with regard to all performance with the end goal of 
improving customer and stakeholder satisfaction. 

When employing each strategy, manufacturers have 
found that often the changes made also help the 
organization reduce its environmental impact and 
improve its sustainable performance. For example, 
an element of Lean Manufacturing called Just-In-
Time Production can lead a manufacturer to use 
a local source of raw materials for production. A 
sustainable by-product of this change is the lowering 
of transportation emissions. In the case of Six Sigma, 
a statistical analysis may reveal that product defects 
are directly correlated to energy spikes in a factory’s 
machinery. By installing equipment to limit energy 
spikes, the defects are reduced, with the sustainable 
benefi t of lower energy costs and fewer defective 
products sent to landfi ll as waste. For TQM, 
stakeholder engagement can help a manufacturer 
identify areas of deep public concern, such as 
the amount of toxic pollutants in wastewater. By 
resolving the wastewater issue, the manufacturer can 

gain credibility and trust with stakeholders, with the 
sustainable benefi t of less water pollution. 

However, none of the three management strategies 
are specifi cally designed to address sustainability. In 
fact, a given strategy may lead an organization to 
make unsustainable decisions if proper oversight is 
not in place to identify the unexpected consequences 
to material consumption, energy use, or emissions as 
a result of process changes. 

Each strategy can be purposefully aligned with 
sustainable manufacturing to help improve an 
organization’s environmental and social impacts. 
Th rough using an existing manufacturing 
improvement strategy, or adopting a new one, an 
organization can use sustainability as the lens by 
which to analyze the production process, thereby 
achieving both the goals of process improvement and 
sustainable improvement. 

Additionally, by fusing multiple strategies together, 
aligning the strategy with sustainable principles, 
and performing sustainability assessments of 
production processes, manufacturers can improve 
their environmental impacts and process effi  ciencies 
without making major changes to their overall 
manufacturing management strategies.
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Introducti on

Organizations in all sectors are feeling increased 
pressure from regulators, customers, and other 
stakeholders to adopt sustainable business practices. 
A few years ago, only major corporations and 
the worst polluters were the targets of criticism, 
but as environmental and social concerns grow, 
all organizations, regardless of size, location, or 
industry, are feeling pressure to evaluate and adjust 
their business practices in order to improve their 
environmental and social performance. 

In the case of the manufacturing sector, retailers 
and consumers no longer just care about product 
quality and price. Retailers, consumers, and other 
stakeholders increasingly expect manufacturers 
to develop production operations that minimize 
environmental impacts and conserve natural 
resources in a way that is safe for employees, 
communities, and consumers (U.S. DOC, n.d.). 
Today, products are judged by the methods used to 
manufacture and transport them, as well as on their 
price and quality.

Additionally, manufacturers are feeling pressure from 
regulators in the form of increased environmental 
and social legislation. Industry Week reports a 
300 percent increase in climate change regulations 
between 2002 and 2007, aff ecting all manufacturers 
that are part of a corporate supply-chain in all 
geographic regions (Friedman, 2007). 

Eff orts to reduce the environmental impacts of 
manufacturing operations have traditionally been 
viewed as an obstacle to profi tability and effi  ciency, 
but many manufacturers are discovering that eff orts 

to reduce environmental and social impacts result 
in reduced operating costs and improved employee 
workplace satisfaction.  

Some examples of equipment improvement and 
operational savings include:

• Nissan Motor Company reduced energy costs by 
$11.5 million annually through the installation 
of variable frequency drives, upgrading chillers, 
and improving lighting controls (U.S. DOE, 
2010).

• Baxter Healthcare identifi ed and eliminated 
ineffi  ciencies in its water management systems, 
reducing water costs by $17,000 over a three-
month period with minimal capital investment 
(US EPA, 2009).

• Columbia Paint and Coating identifi ed and 
eliminated ineffi  ciencies in its production 
schedule and batch sizes, reduced water use, 
saved $43,000 in staffi  ng and inventory, and 
saved $67,100 through a wastewater treatment 
program (Washington State Department of 
Ecology, 2008). 

Besides saving in operational expenses, companies 
also benefi t from environmental improvements 
through product marketing. A study by the Boston 
Consulting Group reports that a majority of 
consumers state they are willing to pay more for 
“green” products, thereby potentially increasing 
earnings potential for companies working towards 
reducing environmental and social impacts 
(Manget, et. al, 2009). Th rough making sustainable 
improvements to manufacturing operations, 
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companies are realizing operational expense savings 
as well as improved marketability of their products.

But how are manufacturers making sustainable 
improvements to manufacturing operations? 
Th rough focused eff orts in sustainable 
manufacturing practices, either through independent 
initiatives or in conjunction with manufacturing 
management systems that are already in place. 

Th ere are a number of manufacturing management 
systems that help address some issues of 
sustainability through their focus on improving 
product quality. But these manufacturing 
management systems only address some sectors 
of sustainability and can even damage sustainable 
eff orts without proper oversight. 

Th is white paper discusses the core concept 
of sustainable manufacturing, and assesses the 
strengths and weaknesses of three commonly used 
manufacturing management systems in terms of 
their ability to address sustainable issues. Th e three 
systems that are discussed are Lean Manufacturing, 
Six Sigma, and Total Quality Management. Th e 
paper provides descriptions of each strategy, presents 
their positive and negative aspects, and makes clear 
connections to how sustainable manufacturing 
concepts are further integrated into each of the 
management systems, specifi cally to improve 
environmental and social performance. 
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Sustainable Manufacturing

WHAT IS SUSTAINABILITY?

Sustainability is the philosophy of “meeting the 
needs of the present without compromising the 
ability of future generations to meet their own 
needs” (United Nations, 1987, para. 2). Stakeholders 
(including consumers, investors, employees, retailers, 
non-profi t organizations, and NGOs) increasingly 
expect companies to implement sustainable 
manufacturing practices through using “processes 
that minimize negative environmental impacts, 
conserve energy and natural resources, are safe for 
employees, communities, and consumers, and are 
economically sound” (U.S. DOC, n.d.). Stakeholder 
pressure on manufacturers to develop sustainable 
strategies is growing, while consumers still expect the 
price and quality products they are accustomed to.

HOW DOES SUSTAINABILITY IMPROVE 
MANUFACTURING OPERATIONS?

Adopting sustainable strategies may seem 
detrimental to a manufacturer’s effi  ciency; however, 
changes that improve the environmental and social 
impacts of manufacturing practices can reduce 
operating costs, improve risk management, and 
strengthen a company’s market position (Blus, 
2008).

OPERATING COSTS 

A key to sustainable manufacturing is fi nding where 
the production process is wasting resources and 
energy. Th rough reducing the waste that occurs 
when machines are idle, ineffi  cient equipment is 
used, packaging does not effi  ciently use space, and 
defective products are made, a company reduces 

its cost of production through saving on electricity, 
water, fuel, and materials (Hibbard, 2009). 

For example, the Nissan Motor Company partners 
with the U.S. Department of Energy to regularly 
conduct energy savings assessments at three of its 
facilities. Th rough fi nding ineffi  ciencies and making 
changes, like installing variable frequency drives, 
reducing air compressors, improving metering, and 
upgrading chillers and lighting controls, Nissan 
has reduced energy consumption by more than 30 
percent, resulting in annual savings of more than 
$11.5 million (U.S. DOE, 2010). Lowering the 
energy and resource demands of production facilities 
through eliminating wasteful processes lowers a 
manufacturer’s operating costs, making more of 
the budget available for increasing production or 
improving R&D.

MARKET POSITION

Stakeholders expect manufacturers to adapt 
production strategies to reduce environmental 
impacts and improve compliance. Th rough 
performing well on sustainability assessments, 
receiving positive press through work with non-
profi ts and NGOs, and making improvements in 
the communities where they operate, manufacturers 
can use sustainability as a diff erentiator against 
competitors (Blus, 2008). Th e Boston Consulting 
Group has found that consumers are willing to 
pay more for “green” products, creating a market 
for companies who are willing to take the fi rst 
steps towards sustainable improvements in their 
sector. (Manget, et. al, 2009). Some opportunities 
for manufacturers to leverage their sustainable 
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improvements through communication to 
stakeholders, diff erentiating them from their 
competitors, include: 

• Reporting annual greenhouse gas (GHG) 

emissions to the Carbon Disclosure Project 

(CDP). Th e CDP is a not-for-profi t organization 
that collects emissions data, reduction goals, 
and improvement data from companies around 
the globe (Carbon Disclosure Project, n.d.). 
Th is information is publicly available and can 
be used by manufacturers to show investors, 
consumers, and retailers that they are committed 
to improving their environmental impacts. 

• Following the G3 guidelines by the Global 

Reporting Initiative (GRI) to report on 

the environmental and social impacts of 

their business. Th is framework uses resource 
consumption and emissions data, stakeholder 
inclusion, and community and human rights 
indicators to collect data regardless of company size, 
sector, and location (Global Reporting Initiative, 
n.d.). Th e framework results in a report that is then 
shared and reviewed online at the GRI website 
where it is available to interested stakeholders.

• Creating sustainability reports and 

assessments. Walmart and Proctor and Gamble 
have created their own sustainability assessments 
for suppliers, which are used to to inform 
consumers on the environmental impacts of 
their products (Walmart, “Sustainability”, 
n.d.) (Proctor and Gamble, 2010). Th rough 
completing assessments like these and releasing 
Corporate Sustainability Reports a company’s 
sustainable improvements are shared with 
stakeholders who value their commitment to 
improving environmental and social impacts.

Manufacturers are increasingly expected by 
stakeholders to disclose their environmental and 
social impacts, set improvement targets, and report 
on progress, so the window for diff erentiation 
from competitors is closing quickly. However, as 
sustainability becomes mainstream, manufacturers 
who are not participating will be lagging behind 
their counterparts. Either way, moving toward 
sustainable practices now is the best choice.  

RISK MANAGEMENT

Environmental impact and social compliance are 
major factors for companies, not only in present 
operations, but in planning for the future. Risk 
management helps organizations avoid new costs due 
to changing regulations and consumer expectations. 
Recent regulatory and industry changes that pertain 
to sustainability include: 

• Industry Week reports that there was a 
300 percent increase in climate change 
regulations between 2002 and 2007 (Friedman, 
2007, para 2).

• Carbon cap-and-trade and tax proposals have 
been discussed at the United Nations and will 
eventually become business regulations (Wynn, 
2009).

• JP Morgan, Citigroup, Bank of America, and 
other lenders have adopted policies to reduce 
lending to projects that are likely to damage the 
environment (Teather, 2005).

Government regulations on climate issues will 
become more stringent, especially as climate science 
improves and new international agreements progress. 
As regulations increase, investors have begun to 
search for companies that have limited their risk in 
the new regulatory environment.
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WHAT DOES SUSTAINABLE 
MANUFACTURING ADDRESS?

Sustainable manufacturing requires a holistic 
approach to the manufacturing process that 
monitors inputs and outputs in order to reduce the 
amounts of materials and energy being consumed, 
improve health and safety, and reduce the life-cycle 
impact of products. To achieve this, a successful 
approach to sustainable manufacturing must address 
the following issues.

MATERIALS

Manufacturers begin with harvesting, mining, or 
purchasing raw materials and transforming them 
into the goods that consumers demand. In material 
sourcing a sustainable manufacturer uses rapidly 
renewable or recycled materials, ensuring that 
materials are harvested legally and are not harmful 
to employees, consumers, or the environment 
throughout the product’s life cycle (Blus, 2008). 
During production, a sustainable manufacturing 
process values effi  ciency, reducing any material 
waste. When waste cannot be reduced, a sustainable 
manufacturing process fi nds an option for recycling 
it. Sustainable manufacturing takes special care to 
use materials with the least impact and as few raw 
materials as necessary.

For example, Mohawk Industries Inc., an American 
carpet manufacturer, uses recycled material in its 
carpet, through recycling waste and providing 
end-of-life services to customers. Th e recycling of 
a manufacturer’s product into a new product is 
considered “closed loop design.” Mohawk Industries 
“closes the loop, and brings things full circle, where 
everything [they] produce gets taken back and remade” 
(Cable, 2009, para 7). Mohawk Inductries Inc. uses:

• Recycled plastic containers to produce 170 
million pounds of recycled fi ber that is then used 
in carpet production.

• An adhesive fi lm that is placed on post-consumer 
carpets to make carpet pads.

• Post-consumer carpet from all over the country, 
processing the carpet-fi ber, backing, and latex in 
a process that recovers 90 percent of materials 
into usable products. (Cable, 2009)

According to president Al Kabus, recycling carpet for 
new production gives Mohawk “an economic boon 
at the end of the day – not only from the internal 
savings we gain from being more effi  cient, but also 
because we know our customers are looking for these 
solutions” (Cable, 2009, para 17). Mohawk has used 
carpet recycling to reduce operating expenses and 
improve market presence.

WATER

Sustainable manufacturing is concerned with both 
the amount of water consumed and quality of 
wastewater released. To reduce the amount of water 
a manufacturing process consumes, the process is 
assessed to determine whether less water can be used 
by increasing effi  cacy of application, or whether more 
water can be reused and recycled (Blus, 2008). Once 
effi  cient water use practices are in place, the quality 
of wastewater is analyzed to determine how to further 
reduce any contaminants. A sustainable manufacturing 
process limits water use and ensures that water leaving 
the facilities is in the cleanest state possible.

For example, in some locations where Baxter 
Healthcare Corporation operates, clean fresh water 
is in limited supply. So beyond limiting its water 
consumption, Baxter is committed to reducing the 
contamination of its wastewater and instituting 
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programs to provide local access to safe water. 
Baxter’s water improvement programs aim to achieve 
35 percent water reductions by 2015 through:

• Recycling water in water-intensive facilities
• Improving monitoring of production water use 

to identify waste
• Reducing fi lter backwash issues to lower water 

contamination
• Using the World Business Council for 

Sustainable Development water tool to identify 
facilities in water-scarce and water-stressed 
regions and prioritize water conservation eff orts

• Collaborating with Water Advocates (an NGO) 
and local employees to determine locations 
for projects to provide fresh, clean water to 
communities

• Installing water treatment at facilities where 
municipal water treatment is not available to 
ensure water is discharged below compliance 
levels or to operate as a zero discharge facility 
through water recycling (Baxter Healthcare 
Corporation, 2005)

Baxter Healthcare Corporation is committed 
to reducing water use and wastewater discharge 
amounts and increasing local water quality. Besides 
large, long-term plans, Baxter uses value stream 
mapping events to engage employees in conservation 
identifi cation. In 1996, Baxter performed a value 
mapping exercise that identifi ed 96 opportunities for 
process improvements. Th ose opportunities led to 
an annual savings of $68,000 and 680,000 gallons 
of water (US EPA, 2007, P. 32). Identifying 
immediate improvement opportunities and long-
term goals through sustainable manufacturing allows 
Baxter Healthcare Corporation to make continual 
improvements in its water management programs.

ENERGY

For manufacturers, energy comprises the electricity 
and fuels used in production and transportation, as 
well as energy used to power facility features including 
lighting, computers, HVAC, and security systems 
(Hibbard, 2009). Reducing energy use is a win-win in 
the manufacturing process because it lowers operating 
expenses and lowers Phase 2 GHG emissions (the 
emissions associated with purchased energy) (Th e 
Greenhouse Gas Protocol Initiative, n.d.). 

Lowering energy use is achieved by making 
production more effi  cient through using more 
effi  cient equipment (such as replacing single speed 
motors with variable speed motors, turning off  
equipment, computers, and lights when not in 
use, and optimizing transportation to use the best 
vehicles, packing strategies, routes, and schedules 
possible to maximize fuel effi  ciency (Hibbard, 2009). 

When effi  ciency goals have been met, exploring 
renewable energy options like on-site wind and 
solar generation can help to further reduce Phase 2 
emissions with lower long-term costs. A sustainable 
manufacturing process examines each step in the 
operation to determine what energy is being used 
and how energy consumption can be reduced.

An example of this can be found at Flambeau 
River Papers, a paper mill in northern Wisconsin. 
Flambeau, when faced with rapidly increasing energy 
costs, made energy-effi  ciency improvements to 
reduce operating expenses. Th rough working with 
the U.S. Department of Energy, Focus on Energy, 
and CleanTech on sustainable process development, 
Flambeau River Papers is now:

• Operating a biorefi nery to replace the use of 
coal-produced electricity with on-site conversion 
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of pulp and tree waste to approximately 8 million 
gallons of mid-distillate and 8 million gallons of 
paraffi  nic wax annually.

• Making plant energy consumption 
improvements that allow for an 11.9 percent 
increase in production annually.

• Increasing production also allows a 10 percent 
increase in full-time employees (US DOE, 2009)

Th rough making improvements to reduce energy 
use, make its systems more effi  cient, and utilize its 
waste stream in biodiesel production, Flambeau 
paper has been able to repurpose operational costs to 
expand production and local employment.

WASTE

In sustainable manufacturing, “waste is a symptom 
of a non-optimized manufacturing process” that 
increases the cost of goods without increasing the 
product’s value (Blus, 2008, P. 3). Waste includes 
unused material scrap from the production process, 
emissions and heat, and the production of defective 
products. Th rough improving the effi  ciency of the 
production process to reduce scraps, emissions, 
and defects, and repurposing unused materials 
elsewhere in production, a manufacturer reduces its 
waste stream and lowers operating costs by reducing 
hauling fees and raw material costs.  

To reduce the waste of its manufacturing process, 
Columbia Paint and Coating worked with employees 
on a value-stream mapping exercise to identify 
sources of material, time, and pollution waste. Th e 
exercise identifi ed that by switching paint production 
schedules, Columbia would reduce its water use in 
washing equipment (Washington State Department of 
Ecology, 2008). Also, the water used in washing could 
be reused in new paint products, reducing the amount 

of wastewater leaving the facility and new water 
being consumed. By implementing these programs, 
Columbia annually saves:

• More than $43,000 on human resources and 
inventory expenses.

• Approximately 200 pounds and $67,100 in paint 
solids that would otherwise have been lost in 
wash water.

• Approximately 150 gallons of water a day, a 30 
percent reduction from before the assessment. 

Th rough changing paint processing practices and 
reusing wastewater in the production process, 
Columbia Paint and Coating achieves fi nancial 
savings in labor, material, and water costs.

SOCIAL SUSTAINABILITY

Stakeholders expect that sustainable manufacturers 
support social justice through adhering to local laws 
and regulations and holding higher ethical standards 
in employment practices and business transactions.  
According to Samuel J. Palmisano, IBM’s former 
chairman, president and CEO, “Businesses now 
operate in an environment in which long-standing 
societal concerns—in areas from diversity to equal 
opportunity, the environment and workforce 
policies—have been raised to the same level of public 
expectation as accounting practices and fi nancial 
performance” (McClenahen, 2005). 

A sustainable manufacturer has obligations to ensure 
that direct employees and employees at supplier 
facilities earn a liveable wage, are of legal age to 
work, work a reasonable amount of hours, and 
work in safe environment. Th rough adhering to 
social compliance expectations, manufacturers avoid 
fi nes and negative publicity that results from non-
compliance.
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A company with a solid social track record is 
Hudson’s Bay Co., a large Canadian fi rm with 
interests ranging from retail to banking. Hudson’s 
Bay Co. has a strong, clear Social Compliance 
Program (SCP) and Code of Vendor Conduct 
(CVC) that lays out its expectations for ethical 
actions from its managers, employees and suppliers. 
Th e SCP and CVC both require: 

• Meeting local, regional, and national regulations
• Employee standards that prevent forced labor, 

child labor, harassment, and discrimination while 
promoting freedom of association, healthy work 
environments, wages and benefi ts, and reasonable 
work hours

• Prevention of illegal shipping through programs 
that document country-of-origin verifi cation

• Ethical sourcing programs (Industry Canada, 
2009)

To ensure that the supply-chain is acting responsibly, 
Hudson’s Bay Co. conducts over 1,000 supply chain 
audits annually. By meeting standards of social 
responsibility in their own operations and requiring 
socially responsible practices from companies in its 
supply chain, Hudson’s Bay Co. is: 

• Managing its risk
• Improving its transparency 
• Enhancing its brand to retailers 

Th rough creating and enforcing both a SCP and 
CVC, Hudson’s Bay Co. limits its risk and enhances 
its brand through setting public expectations for 
ethical standards of its facilities and employees, as 
well as from companies in its supply chain.

Along with adhering to social justice concerns, 
sustainable manufactures support community 
development programs to improve the health and 

happiness in communities where they operate. 
N. Craig Smith, associate dean of the London 
Business School said, “Th ere’s a tendency to think 
of corporate social responsibility as philanthropy 
and not thinking of it in terms of what it is 
fundamentally about, which are the obligations a 
fi rm has to society” (McClenahen, 2005). Th rough 
funding education, healthcare, and capacity-building 
projects in the communities where manufacturers 
operate, manufacturers return value to employees 
and their families and improve overall quality of life. 

Not only does social stewardship benefi t the 
community where manufacturers operate, but an IBM 
study has found that two-thirds of business leaders 
they survey are focusing on CSR activities for the 
creation of new revenue streams (Pohle and Hittner, 
2008). Community development projects can help 
to improve employer credibility in communities and 
make a company seem like a better investment or 
consumer option in comparison to competitors.

IBM has used its tools in the communities where 
its facilities operate to improve education and 
community agencies. Since IBM launched its CSR 
program in 2003, more than 145,000 employees 
have performed nearly 10 million hours of volunteer 
services (IBM, n.d.). Besides employee community 
volunteering, IBM has also used its grid computing 
technology to use idle computers to perform 
computations for research on projects including 
Help Childhood Cancer, Clean Energy, and Fight 
AIDSHome. Th rough encouraging employee 
community participation and using proprietary 
technologies to help non-profi ts, NGOs and 
other community organizations, IBM has used its 
resources to better the places where it operates and 
improve its CSR credibility. 
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OVERVIEW

Sustainable manufacturing helps companies lower 
operating expenses, diff erentiate themselves from 
competitors, build stakeholder trust, and reduce 
their compliance risks in the future. Th rough 
evaluating operations to reduce inbound material, 
decrease water use, lessen energy consumption, 
and eliminate waste, manufacturers reduce their 
environmental impacts and lower operating 
expenses. When a manufacturer improves social 
sustainability performance, it improves its image in 
the communities where it operates, helping reduce 
risk, secure its license to operate and diff erentiate 
itself from competitors. 

While manufacturers are increasingly using 
sustainable concepts to drive improvements in the 
production process, there are many who are still 
primarily focused on pure effi  ciency improvements 
in manufacturing, regardless of their environmental 
or social costs. As the pressure to incorporate 
sustainable manufacturing practices increases, these 
organizations need to be able to fuse sustainable 
principles into their existing manufacturing 
management 
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Lean Manufacturing

PHILOSOPHY

Th e Lean Manufacturing process is concerned 
with, “the elimination of many types of waste while 
delivering quality products on time and at least 
cost” (US EPA, 2005, P. 1).  Waste is defi ned as any 
non-value adding elements in the production process 
whose removal will reduce operating costs and 
improve consumer product quality (Anderson, et. al, 
2006). Lean Manufacturing traditionally recognizes 
waste through the “Seven Deadly Wastes”: 

• Overproduction – Th e production of goods that 
do not have an immediate demand creating risk 
in storing and preserving goods.

• Inventory – Th e space and resources necessary to 
store excess raw materials or overproduction to 
ensure that weather, animals, or the production 
process does not damage items. 

• Defects – Products that due to a lack of 
consistency in the manufacturing process 
are produced below consumer standards, 
wasting materials, energy, inventory space, and 
transportation energy and space. 

• Transport – Th e excessive movement of a 
product that is in the production process or 
between storage facilities, wasting fuel, storage, 
and human energy.

• Motion – Any excessive human energy mainly 
due to poor organization.

• Over-processing – Th e processes during 
production that consume more materials and 
energy than necessary for the fi nal product.

• Waiting – Th e delays or idle time in the 
production processes that increases storage 

spoilage risk and energy resource consumption.
(US EPA, 2009, P. 33)

Th rough a culture of continual improvement, Lean 
Manufacturing continually seeks ways to reduce 
waste, increase the speed of production, and improve 
product quality. 

HISTORY

Th e philosophies of Lean Manufacturing were 
fi rst developed and used by the Toyota Motor 
Corporation in the 1950’s, though the focus on 
quality and effi  ciency in the manufacturing process 
comes from the quality evolution that was common 
in Japanese industries during that era (Anderson, 
et. al, 2006). Toyota uses Just-In-Time Production, 
in which each step produces to meet demand, and 
Jidoka, which is the shutting down of production as 
soon as defects occur (Toyota Motor Corporation, 
n.d.). Toyota uses these processes to continually 
review and improve production to achieve higher 
quality and lower operating costs.
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APPLICATION

Lean Manufacturing is a value-driven approach that 
focuses on identifying and reducing waste to create 
an effi  cient and cost eff ective production system. 
To create the highest quality production system, 
Lean Manufacturing relies on a system of continual 
improvements through the application of fi ve basic 
principles:

1. Understanding customer value – Only what the 
customers perceive as value is important

2. Value stream analysis – Analyze business 
processes to determine which ones add value

3. Flow – Organize continuous fl ow through 
supply-chain and production rather than moving 
commodities in large batches

4. Pull – Only produce to meet demanded to 
prevent the production of commodities for 
storage

5. Perfection – Process of continuous improvement 
to eliminate non-value-adding elements (waste) 
(Anderson, et. al, 2006)

Lean Manufacturing relies on a collaborative 
atmosphere between all sectors of the manufacturing 
process to identify waste and develop solutions (US 
EPA, 2009, P. 10). Th ere are a variety of approaches 
that companies use in the Lean Manufacturing 
process to identify, solve, implement, or sustain 
solutions. For this paper we will cover three common 
approaches a company can use to improve the 
quality and effi  ciency of a manufacturing process.

Value Stream Mapping: A visual, collaborative 
exercise where employees identify each step in the 
production process and add them to a production 
tree, linking all the steps and identifying areas 
of waste (US EPA, 2009, P. 18). Once waste is 

identifi ed, solutions are developed to remove the 
waste from the system and a new idealized map is 
created to implement changes. 

Kaizen: A Japanese term meaning “continuous 
improvement,” the philosophy of Kaizen is “that 
small, incremental changes routinely applied and 
sustained over a long period result in signifi cant 
improvements” (US EPA, 2009). Th e kaizen 
approach is quick, with employees mapping and 
measuring current processes, instituting solutions, 
testing, and improving over period of a few days. 

5-S: Once a manufacturing process is in place 
5-S improves the process effi  ciency through, 
“maintaining a clean and orderly workspace” (US 
EPA, 2009, P. 19).  By applying the 5-S items that 
are needed during manufacturing are found quickly 
and time isn’t wasted due to obstructions.
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Th e 5-S are:

• Sort – Eliminated what is not needed from 
workspace

• Set in order – Organize the work area
• Shine – Clean the work area
• Standardize – Create cleaning, inspecting, and 

safety policies
• Sustain – Incorporate these changes into daily 

practices

PROS AND CONS

Lean Manufacturing’s focus of improving quality 
through reducing process waste makes it benefi cial 
to “operational improvements (reduction of 
lead time, increase in productivity, reduction in 
work-in-process inventory, etc.), administrative 
improvements, (reduction in order processing 
errors, streamlining of customer service functions so 
that customers are no longer placed on hold, etc.) 
and strategic improvements (reduced costs, etc.)” 
(Anderson, et. al, 2006, P. 289). Th ese improvements 
are achieved through reducing work-in-process, 
increasing capacity, reducing cycle-time, and 
improving customer satisfaction. 

However, Lean Manufacturing is susceptible to 
disruptions due to sudden changes to the production 
process. Th e continual improvement process strives 
to make the existing system high functioning, 
so when any change occurs in the system, the 
improvement process must start over. Just-In-Time 
Production is also risky because not having materials 
on hand can cause supply-chain congestion that 
leads to delays and shortages of workers. 

Lean Manufacturing uses continual improvement 
to streamline effi  ciency, but this creates an infl exible 
production system.

APPLICATION TOWARDS SUSTAINABLE 
MANUFACTURING

Lean Manufacturing’s focus on system-wide 
waste reduction aligns closely with sustainable 
manufacturing’s philosophy of waste reduction and 
closed-loop systems. One of Lean Manufacturing’s 
Seven Deadly Wastes is over processing, which 
include the materials, energy, and human labor 
that are consumed but are not necessary to the 
manufacturing process. Similarly, the reduction of 
defects contributes to sustainable eff orts through 
reducing the total energy, solid waste, and materials 
consumed during unnecessary production. 

While the other Deadly Wastes do not directly 
address material, water, or energy use, many are 
aff ected by consumption reductions. Reducing 
and reusing scrap material and local sourcing of 
raw materials are valuable processes in a Lean 
Manufacturing operation because these practices 
reduce transportation and inventory costs of 
shipping in raw materials. Reusing scraps is mutually 
benefi cial to sustainability eff orts through reducing 
raw material extraction and landfi ll waste. Local 
sourcing is also compatible with sustainability 
eff orts as it decreases emissions resulting from 
transportation. 

Water and energy use contribute to a Lean 
Manufacturer’s operating costs through the Deadly 
Wastes of over-processing and inventory. When 
more water or energy is being used than is necessary, 
a manufacturer is adding cost to production without 
seeing a return in value.  Th ese are added costs 
to the manufacturer without returning value and 
they hurt sustainability initiatives through higher 
consumption. While water and energy use is not 
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directly addressed by the Seven Deadly Wastes, they 
contribute to other system wastes and increase the 
operating costs of manufacturers.

Lean Manufacturing philosophy does have a 
number of sustainable blind spots. Although Lean 
Manufacturing focuses on reducing defective 
products, it does not address the environmental value 
of products. In order for the Lean Manufacturing 
process to align with sustainable manufacturing, the 
product itself must have sustainable qualities. For 
example a Lean Manufactured Styrofoam coff ee cup 
will not be considered sustainable, regardless of how 
Lean the production process is. 

Also, although Lean Manufacturing addresses 
reducing consumption and locally sourcing raw 
materials, it does not explicitly take into account 
the sustainability of materials consumed. For 
example, a manufacturer using Lean Manufacturing 
to source coal for an on-site coal-fi red power plant 
at its factory is not concerned with the emissions 
from its material choice, just in its transportation 
and inventory related resource consumption and 
resultant operating expenses. 

Social sustainability issues are not addressed within 
the Lean Manufacturing philosophy. While employees 
are a key component to the Lean process, the 

Seven Deadly Wastes do not assess the eff ects of the 
production process on worker health and happiness. 
Th is is a signifi cant oversight because replacing 
members of the assembly line can be a signifi cant cost 
in training and productivity, and from a sustainable 
perspective, does not ensure care for worker safety or 
benefi t from working at the facility.

Another area where Lean Manufacturing is not 
compatible with sustainable manufacturing 
principles is in the use of the Kaizen technique. 
Kaizen is a rapid improvement process, often taking 
less than seventy-two hours to identify and solve 
issues of waste, reducing operating costs quickly. It 
does not, however, provide time to analyze all the 
results of a change (US EPA, 2009). Quick changes 
can increase solid waste or energy use even though it 
improves effi  ciency and reduces defects. 

Kaizen is very vulnerable to increasing emissions 
or contamination because there is not enough 
time to measure the eff ects of changes. While Lean 
Manufacturing’s Seven Deadly Wastes do directly 
and indirectly improve an operations sustainable 
improvement eff ort, its use of quick improvements 
makes it hard to foresee the long-term environmental 
results of the production process.
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CASE STUDY: ON SEMICONDUCTORS

On Semiconductors (ON) uses the traditi onal philosophies of Lean Manufacturing to reduce waste 

and improve producti on processes. In 2009, the company began applying the methods of Lean 

Manufacturing to its environmental impacts (Johnston, 2009). Through working with the Pacifi c 

Northwest Polluti on Preventi on Resource Center, Idaho Department of Environmental Quality, 

and Idaho’s Manufacturing Extension Partnership, ON used a value stream mapping exercise to 

address both the material issues they had traditi onally solved and the “energy and water inputs 

and outputs at each process box” (Johnston, 2009, P. 1). 

By adding these environmental impacts to the traditi onal waste studies, ON began to transform 

its operati ons, reducing its environmental impact over a fi ve month planning and implementati on 

period. ON used a kaizen event fi rst to consolidate its parking lots “to minimize maintenance and 

repair costs, and reduce the consumpti on of fossil fuels required for these acti viti es” (Johnston, 

2009, P.1). Kaizen events were also held to make the following improvements:

• Recycled 800 booti es a month from the manufacturing fl oor by giving them to the local 

Parade of Homes to reuse for home visits.

• Replanted the lawn with nati ve species, saving 4.9 million gallons of water and $18,000 in 

irrigati on and maintenance annually costs.

• Consolidated offi  ce space and duplicate services, saving 3.4 million gallons of water, 12,000 

therms of natural gas, $32,000 in electricity, and $400,000 in rent and maintenance annually.

Through working with local organizati ons, ON was able to transform its Lean Manufacturing 

program in a way that considered the company’s environmental impact, water and energy use, 

waste, and faciliti es. 
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Six Sigma

PHILOSOPHY

While Lean Manufacturing focuses primarily on 
quality and effi  ciency improvements to reduce 
waste, Six Sigma is a calculated approach, relying 
on verifi able data to improve the success rate of 
production processes through reducing defects 
(SD&S, n.d.). Six Sigma is “a set of well-established 
statistical quality control techniques and data 
analysis methods used to identify and reduce 
variation in products and processes” (US EPA, 2009, 
P. 25). Th e ultimate goal of Six Sigma is to reduce 
the defects of a production process to less than 
3.4 defective products per million (Anderson, et. al, 
2006). 

HISTORY

While the concepts behind Six Sigma date back to 
the Japanese quality evolution, Motorola developed 
the principles and process used specifi cally in Six 
Sigma in the mid 1980s (Anderson, et. al, 2006, 
P. 286). Because of Six Sigma’s success, Motorola 
received the Malcolm Baldrige National Quality 
Award in 1988. After more than 20 years of using 
Six Sigma, Motorola credits nearly $18 billion 
in savings to quality and effi  ciency improvement 
practices achieved through the program (Reynard, 
2007). Today Six Sigma is a widely used and 
understood process with specialized training and 
representation in almost every industry sector.

APPLICATION

Th e goal of Six Sigma is to develop statistical 
techniques to uncover production fl aws. Unlike Lean 

Manufacturing which uses a collaborative problem 
solving process, Six Sigma requires a few highly 
trained individuals to run statistical analysis on a 
process ((Anderson, et. al, 2006). Th e Six Sigma 
process involves fi ve to ten individuals—some from 
the manufacturing team and some with specifi c 
advanced training in the Six Sigma process. Th is 
team works through the Six Sigma process, taking 
several months to a year to identify quality issues, 
gather data, fi nd solutions, and implement changes.

Th e Six Sigma process maximizes effi  ciency and 
productivity of a production process through the 
reduction of variation. Th is is typically comprised of 
fi ve stages:

1. Defi nition – Identify the issue, choose 
appropriate team members, determine customer 
needs, and create a map of the process.

Six Sigma Training

Champion Training: Two-day intensive training 

on resource control and conducti ng Six Sigma 

process reviews.

Green Belt: Five-day program to develop skills 

in using quality tools.

Black Belt: Four-week program to develop 

expert Six Sigma Skills, includes training, 

testi ng, and project demonstrati on.

Black Belt Master: Highest level of training, 

showcasing professional use and success of Six 

Sigma analysis at company. (Motorola, n.d.)
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2. Measurement – Gather information to 
determine a baseline, and develop metrics.

3. Analysis – Use statistical analysis to identify the 
root of problems 

4. Improvement – Using cost-benefi t analysis, 
design and implement the most eff ective 
solution.

5. Control – Policies and modifi ed procedures are 
updated, employees are trained in new methods, 
and management systems are improved to 
institutionalize the changes. (Anderson, et. al, 
2006)

During these fi ve stages, a variety of analysis 
techniques are applied to identify issues, analyze 
data, identify the root of problems, and implement 
solutions to improve quality and consistency. For 
this paper we will focus on fi ve techniques that 
represent a common trajectory of the Six Sigma 
process.

Descriptive Statistics: After data has been collected, 
“Statistical tools are used to organize, summarize, 
and describe data that is collected” (US EPA, 2009, 
P. 27). Th ese tools provide information about the 
tendencies and dispersions in a process and are used 
in making decisions about process changes.

Example of Normal Probability Distribution

Example: Taking a set of production data and 
graphing the mean, median, and mode of the 
amount of defects to understand the central 
tendencies (Pereira, 2007). Using these graphs, 
range and standard deviation calculations are used to 
determine how often defects occur.

5 Whys: Th rough asking “why” fi ve times the Six 
Sigma team can examine “the cause and eff ect 
relationships underlying a particular problem” (US 
EPA, 2009, P. 28). Th is method identifi es the root 
cause of an issue.

Example:

1. Why did the equipment fail? Because the circuit 
board burned out.

2. Why did the circuit board burn out? Because it 
overheated.

3. Why did it overheat? Poor air supply.
4. Why wasn’t it getting enough air? Because the 

fi lter was clogged.
5. Why wasn’t the fi lter changed? Because it isn’t on 

the maintenance schedule. (Flinchbaugh, 2006)

Pareto Charts: Six Sigma teams use Pareto Charts, 
charts that compare defect types and costs of repairs. 
Th is assessment works under the assumption that 
“most quality problems are created by a ‘vital few’ 
processes, and that only a small portion of quality 
problems result from a ‘trivial many’ processes” (US 
EPA, 2009, P. 28). Th is process helps the Six Sigma 
team to prioritize issues that need to be analyzed and 
addressed. 
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Example: Th e application of Pareto Charts to analyze 
defects in yarn packaging. In this analysis it is clear 
that that most common defect is due to weight 
variations of the cones.

Design of Experiments: Th is phase of analysis tests 
the proposed solutions to ensure that expected 
results are achieved. Th is helps to clarify the process 
being adjusted by making the inputs and outputs 
easy to understand and manage.

Example: Dresser Waukesha uses the design of 
experiments approach to test a new engine design in 
a variety of conditions. Engines are brought into test 
cells, and the cell is given a pressure, temperature, 
and humidity to evaluate engine performance 
(Power, 2010). Th rough testing new products in lab 
conditions, malfunctions and operational changes 
are made before mass production, reducing defects 
and associated costs later on while also improving 
consumer quality.

Failure Mode Eff ect Analysis: Th is phase is used to 
identify potential defect failures that may occur in a 
process. Th is allows Six Sigma teams to estimate the 
severity of failures and to identify opportunities to 
improve the process.

Example: Once a production process is in place, it is 
tested for failures to understand the fl aws that need 
to be watched for and to guide future Six Sigma 
improvement processes.

Th rough completing these and other analyses, the 
Six Sigma process is able to assess what changes 
need to be made and the level of success of changes 
already implemented. 

PROS AND CONS

Six Sigma’s statistical approach to improving quality 
and effi  ciency make it easy to demonstrate success, 
which has resulted in many high-profi le cases of 
successful implementation. Besides Motorola, 
Volvo Cars reported a 55 million euro boost to its 
bottom line between 2000 and 2002 due to using 
Six Sigma, and one Ericsson facility reported a 
200- to 300-million-euro savings from Six Sigma 
implementation from 1997 to 2003 (Anderson, et. al, 
2006). 

However, the statistical process employed in Six 
Sigma requires intensive training and testing, so 
Six Sigma process changes generally require several 
months to a year to implement, depending on a 
company’s employee training needs. Th e training 
and time hurdles may prevent manufacturers from 
pursuing Six Sigma as a manufacturing improvement 
process. 
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APPLICATION TOWARDS SUSTAINABLE 
MANUFACTURING

Six Sigma is focused on reducing defects to improve 
product quality and consistency, which aligns with 
sustainable manufacturing’s emphasis on reducing 
waste. When defect rates are high in a production 
line, the defective products, if not recyclable, are 
generally sent to landfi ll. Th rough limiting defects to 
improve production process effi  ciency, the Six Sigma 
approach can improve a company’s sustainable 
impact through reducing wasted resources.  Six 
Sigma analysis can also uncover waste throughout 
the production process. Baxter Healthcare provides 
an example of using statistical analysis to assess the 
effi  ciency of each production process, recognizing 
that spikes in energy use by equipment were related 
to spikes in defects (US EPA, 2009). Th rough 
monitoring the two values, equipment was tuned to 
reduce both energy consumption and defect rate. 

Six Sigma can also be applied directly to sustainable 
manufacturing concepts. Th rough identifying that all 
resources and emissions leaving production facilities 
are products, companies can identify negative 
environmental impacts that do not meet regulatory 
standards as “defects” that most be reduced to limit 
operating costs and improve production effi  ciency. 
Th rough using the statistical approach that 
traditional products are evaluated with, Six Sigma 
companies are able to monitor the environmental 
quality of their production processes to improve the 
product’s sustainable qualities and avoid regulatory 
action. 

Like one of Lean Manufacturing’s Deadly Wastes, 
Six Sigma is focused on reducing defective products, 
which in turn reduces waste. But the core issue of 

whether the product itself is sustainable is not taken 
into consideration with Lean or Six Sigma alone. 
In order for the Six Sigma process to align with 
sustainable manufacturing, the product itself must 
be a sustainable one.

Also, when the Six Sigma process reduces defects, 
thereby reducing energy used to make and dispose 
of defective products, it is not necessarily true that 
this is always a sustainable improvement. A Six 
Sigma analysis may uncover that more energy, more 
raw material, the inclusion of an unsustainable raw 
material, or more water is needed to reduce defects. 
When implemented, these types of changes may 
actually damage a manufacturer’s sustainability 
eff orts if oversight is not in place to identify and 
balance the sustainable consequences with the 
effi  ciency improvements of a change. 

Like Lean Manufacturing, social sustainability issues 
are not addressed within Six Sigma. With quality 
being a main focus of Six Sigma, it is essential that 
products be free of defects that would make them 
dangerous or hazardous to use, but this only address 
consumer safety issues, not employee health and 
safety. Additionally, other social sustainability issues, 
like human rights and community impact, are not 
governed by the Six Sigma process.

Because Six Sigma is led and implemented by a small 
team of experts to specifi cally address production-
line issues, employees are not incorporated 
into the improvement processes. Th is exclusive 
environment is the most removed from addressing 
social sustainability both within and outside of the 
organization. A company using Six Sigma would 
need other measures in place to address social issues.
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CASE STUDY: BAXTER HEALTHCARE

Baxter Healthcare has been implementi ng both Lean Manufacturing and Six Sigma principles for 

a few years to improve the effi  ciency of its operati ons. While Lean Manufacturing was benefi cial 

for reducing waste, Six Sigma was necessary for improving the company’s product quality through 

reducing variati on (Shanley, n.d.). 

As Baxter began working towards sustainable goals, it found that Six Sigma principles could be 

applied directly to sustainability by redefi ning the meaning of the concept “defect.” Defects 

generally are thought of literally, as defecti ve products that cannot be sold, Baxter re-defi ned the 

term “defect” to use the Six Sigma framework. Through identi fying the resources leaving their 

facility as products, Baxter framed “poor water quality” and “excessive energy use” as defects 

in the producti on process and used Six Sigma analysis to improve their environmental impact 

(Baxter Healthcare Corporati on, 2005). 

Aft er installing energy meters and tracking energy use, Baxter was able to calculate where energy 

use occurred and through the use of stati sti cal processes, identi fy a standard range of deviati on. 

Whenever energy use was greater than 15 percent above normal, Baxter developed soluti ons to 

reduce process energy use resulti ng in approx $300,000 in energy savings annually (US EPA, 2007, 

P. 22). 

Similarly Baxter monitors the water leaving its producti on process, recognizing it as product that 

needs to meet regulatory standards. Water that does not meet regulatory standards is “defecti ve 

water.” Through monitoring contaminati on as a defect, Baxter was able to make gradual 

improvements to ensure that water quality would be within the regulatory acceptable range. 

Through using the stati sti cal methods of Six Sigma, Baxter Healthcare was able to reduce energy 

use and improve water quality to reduce its environmental impact.
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Total Quality Management

PHILOSOPHY

In comparison to the other manufacturing 
management methods discussed, Total Quality 
Management (TQM) is a more holistic 
approach, focused on achieving system-wide 
quality improvements and continually meeting 
stakeholder demands. TQM methods strive to bring 
understanding on how a change will “lower costs and 
shorter cycle times through eff ective use of resources” 
(Internationa Organization for Standardization, 
2005, para. 1). Th e interaction between systems 
in a process is examined to “evaluate the risks, 
consequences, and impacts of activities on 
customers, suppliers, and other interested parties” 
(International Organization for Standardization, 
2005, para. 2). TQM works to meet all stakeholder 
demands to improve production process by reducing 
risk-associated costs with the end goal being 
improving customer satisfaction to drive revenue. 

TQM utilizes a continual improvement approach, 
where the focus of improvements is fl exible, 
shifting to foresee future needs and exceed all future 
stakeholder demands (Gazola and Pelliceli, 2009). 
TQM views stakeholders, including customers, 
suppliers, employees, and others, as integral parts of 
the production process. When stakeholder demands 
are not met, such as not providing a safe and 
acceptable working environment to employees, costs 
will result, like decreased employee productivity 
resulting in decreased production. In TQM, failure 
to meet the future quality demands of stakeholders 
results in one or more of the following costs:

• Prevention Costs – Training, supplier quality 
assurance, implementation

• Appraisal Costs – Material inspections, in-
process inspections, process control activities

• Internal Failure Costs – Scraps, re-work, re-
inspection

• External Failure Costs – Product returns, warrant 
claims, loss of future sales (Business Performance 
Improvement Resource, n.d., para. 17)

By addressing these costs in advance through 
stakeholder analysis and risk prevention, 
improvements in the production process can be 
made to avoid both the direct and indirect costs of 
poor product quality. 

HISTORY

Like Lean Manufacturing and Six Sigma, TQM 
evolved out of the Japanese quality movement; 
however, TQM was not developed by just one 
organization. Instead it evolved from a quality 
focus on inspection, to quality control, to quality 
assurance, to, in the 1990s, TQM as it is known 
today (Anderson, et. al, 2006). 

Because TQM is the result of an evolutionary 
process, there is much debate on the exact 
defi nition and process steps. Many organizations 
have developed their own versions of TQM, unlike 
Six Sigma with its very structured training and 
implementation rules. Despite the variations on 
the TQM processes, they primarily revolve around 
improving customer satisfaction through meeting 
all stakeholder demands to reduce risk—associated 
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costs. Additional TQM processes address other 
stakeholder concerns that potentially pose business 
cost. While TQM is a constantly evolving business 
practice, its focus on improving customer satisfaction 
and meeting stakeholder demands as they change 
appeals to manufacturers. 

APPLICATION

Th ere are a number of perspectives on how to 
implement TQM strategies, all of which lay out steps 
that must be achieved to ensure a high-quality fi nal 
result for stakeholders, specifi cally customers. While 
each method may vary in its emphasis on diff erent 
categories, T.C. Powell sums up the similarities, 
stating that there are twelve factors that are common 
in any successful approach:

• Committed Leadership – Long-term 
commitment by management to the philosophy

• Adoption and Communication – Using mission 
statements and slogans

• Closer Customer Relationship – Determining 
customer demands and meeting them

• Closer Supplier Relationship – Working with 
suppliers who can routinely provide materials 
that will meet customer demands

• Benchmarking – Observing best competitive 
practices

• Increased Training – TQM principles, team 
skills, and problem solving

• Open Organization – Relaxed hierarchy, open 
communication, and small working groups.

• Employee Empowerment – Involve employees in 
planning and decision making

• Zero-defects Mentality – System to catch defects 
as they occur, rather than through inspections

• Flexible Manufacturing – Just-in-time 
inventory, cellular manufacturing, statistical 
process control and design of experiments 
techniques.

• Process Improvement – Reduce waste and time 
through whole process analysis

• Measurement – Goal-oriented approach 
with statistical methods applied to constant 
improvements. (Powell, 1995, P. 19)

Th e implementation of TQM requires management 
to serve as the main drivers to ignite the process. 
Management must create open communication 
channels for employees to help ensure that everyone 
is committed to the same goals. 

 Th e implementation of TQM in a manufacturing 
process has a longer initiation time because of 
training and cultural changes that need to occur 

Popular Defi niti ons of TQM

“... a corporate culture characterized by 

increased customer sati sfacti on through 

conti nuous improvement, in which all 

employees in the fi rm acti vely parti cipate.” 

(Dahlgaard, et. al, 1998)

“TQM is an evolving system of practi ces, tools, 

and training methods for managing companies 

to provide customer sati sfacti on in a rapidly 

changing world.”

(Shiba, et.al , 1993)

“... as a conti nuously evolving management 

system consisti ng of values, methodologies and 

tools, the aim of which is to increase external 

and internal customer sati sfacti on with a 

reduced amount of resources.” (Hellsten and 

Kledsko, 2000)
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within the organization. Once in place, however, 
quality issues are caught immediately to prevent 
further production of defective products and changes 
to processes can occur in a matter of months. 

Th e evolution into TQM has allowed it to adopt 
some of the techniques for quality improvement 
that are used in Lean Manufacturing and Six 
Sigma. Th e variety of approaches to TQM value 
quality improvement techniques diff erently, but 
Powell (1995) suggests that some commonly used 
techniques are just-in-time inventory, cellular 
manufacturing, design for manufacturing, statistical 
process control, and design of experiments. Just-in-
time inventory and design of experiments have been 
covered in previous sections of this paper, but the 
other techniques are as follows:

Cellular 
Manufacturing

This approach uses manufacturing 
work centers that contain all the 
capabiliti es needed to produce an item 
(US EPA, 2009). The enti re process to 
occur in smaller work groups, allow-
ing problems to be spott ed and solved 
more effi  ciently.

Design for 
Manufacturing

During the design phases of a product, 
the manufacturing mindset is used 
to design parts and products that are 
easier to manufacture (Poli, 2001). 
Through having designers work with 
manufacturers the tool costs, process-
ing ti me, controllability, worker safety, 
and availability of materials are all 
considered.

Stati sti cal 
Process Control

This technique is based on process 
competi ti veness, to design producti on 
to be higher quality, faster delivery, 
and lower priced than the competi ti on 
(Oakland, 2007). Processes are moni-
tored during producti on (rather than 
inspecti ng for defects aft er a batch has 
been run) to run stati sti cal projects 
and decide if a process needs to be 
stopped due to high defect rates.

PROS AND CONS

TQM is an evolving process that is capable of 
meeting new stakeholder demands as they arise. 
Th is fl exibility makes a TQM manufacturer very 
competitive and more capable to adapting to new 
demands, including issues of sustainability. 

While TQM is fl exible for meeting new demands, 
an organization must recognize new needs on its 
own without stakeholder pressure and be able and 
willing to adapt to them. However, only relying on 
stakeholder pressure creates a reactive environment 
that may not allow for innovation. 

Without a clear framework guiding TQM processes, 
like Lean Manufacturing and Six Sigma have, TQM 
is hard to implement unless stakeholder values are 
continually and intimately understood. Because of 
this it has been estimated that “only about one-fi fth, 
or at best one-third, of the TQM programmes in 
the U.S. and Europe have achieved signifi cant or 
even tangible improvements in quality, productivity, 
competitiveness, or fi nancial results” (Anderson, 
et. al, 2006, P. 285). While TQM has the most 
potential to consistently meet stakeholder demands, 
including stakeholders concerned with sustainability 
issues, its lack of a clear framework makes it the most 
risky to implement.

APPLICATION TOWARDS SUSTAINABLE 
MANUFACTURING

TQM’s philosophy is based on meeting stakeholder 
demands as they change, which makes it the 
strongest of the three quality improvement methods 
discussed in this paper for adapting to sustainability. 
TQM’s use of Just-in-Time Inventory makes 
sourcing materials locally a major objective to reduce 
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travel distance and inventory time, aligning with 
sustainable manufacturing’s focus on the same issues. 

TQM’s focus of customer satisfaction helps drive 
competition in product development, therefore 
opportunities to reduce waste and ineffi  ciencies 
to save money and keep prices low is a brand 
management priority. 

Similarly, reducing water and energy use, 
implementing renewable energy, improving water 
quality, reducing solid waste, and measuring and 
improving GHG emissions are all priorities to 
improve profi tability and brand management as 
issues become prominent stakeholder concerns. 
TQM’s philosophy of meeting all current and future 
stakeholder demands and to improve customer 
satisfaction allows a TQM processes to be very 
fl exible and address any issue of sustainability 
necessary.

Aside from TQM’s weakness of an undefi ned 
process, its other weakness with regard to 
sustainability is that stakeholders are not 
always environmentally aware or focused. If a 
manufacturer’s primary stakeholders are customers 

demanding inexpensive products, suppliers charging 
high prices, and a local community desperate for 
jobs regardless of other costs, TQM will not address 
sustainability in and of itself. It will only take into 
account cost-saving measures that may or may 
not reduce waste, resource consumption, material 
sustainability, or emissions. Like Lean and Six Sigma, 
TQM must be specifi cally and appropriately applied 
to sustainable manufacturing for meaningful results 
with regard to environmental impact. 

TQM is the most capable of the three methods 
discussed in this paper to address issues of social 
sustainability. TQM emphasizes stakeholder input, 
which means issues such as employee involvement, 
giving employees a forum to contribute, fair 
treatment, and respect, are addressed. Additionally, 
because local community members are seen as 
stakeholders, manufacturers who have adopted 
TQM are generally involved in community 
development projects. TQM is fl exible enough to 
adjust and fi nd the value in brand management and 
employee contentment to justify spending on social 
sustainability concerns.
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CASE STUDY: AT T

In 1988, aft er being labelled as the second largest air polluter in Ohio, AT&T began working 

with employees at its Columbus facility to reduce polluti on. AT&T recognized that meeti ng or 

exceeding stakeholder expectati ons with regard to the environment would result in improved 

customer sati sfacti on, organizati onal eff ecti veness, and company competi ti veness (US EPA, 2005).

Applying TQM principles in its eff ort to fi nd a new soluti on for cleaning circuit boards, AT&T 

discovered that it could use a cleaner low-solids fl ux spray soluti on that would reduce the need 

for the hazardous solvent PCE. 

This soluti on reduced plant polluti on and improved the working environment for employees. At 

the ti me, PCE was also used for smoothing out soldered wires. While at fi rst thinking the PCE 

could not be replaced, AT&T found that, because customers would not see the soldering, the 

solders could be left  rough. Overall, AT&T reduced its PCE use annually by 35,000 gallons (Patell, 

et. al, 1994, P. 9). 

The reducti on of PCE also eliminated the need for related industrial hygiene and environmental 

monitoring acti viti es, and generated a cost savings of $210,000. The reducti ons in PCE and 

ammonia use over a fi ve-year period resulted in an 84 percent reducti on in toxic air emissions. 

Through circuit board assembly line employees, management, and laboratory employees 

troubleshooti ng plant issues, AT&T was able to fi nd soluti ons that not only lowered their air 

emissions, but reduced chemical use and saved money.
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Comparing Lean Manufacturing, 
Six Sigma, and TQM

Lean Manufacturing, Six Sigma, and TQM are all 
focused on how to improve product quality to better 
meet consumer demands. While each strategy has 
diff erent operating philosophies and approaches 
towards improving the manufacturing process, they 
all are able to address some issues that are pertinent 
to sustainable manufacturing. 

All three philosophies can, but do not always, help 
manufacturers’ environmental impact by reducing 
material, energy, and water use as well as reducing 
solid waste production. Also, all are concerned 
with material and product safety, a sustainability 
objective. 

While TQM’s philosophy has the potential to address 
the most sustainability issues due to its focus on 
stakeholder concerns, sustainable value can be found 
in all three of the strategies when purposefully applied.

As mentioned previously, both Lean Manufacturing 
and Six Sigma specifi cally address reducing defective 
products. When purposefully seeking to become 
more sustainable, a manufacture identifi es all process 
outputs as products and labels activities that do 
not meet regulatory standards as “defects” in the 
manufacturing process. Th is approach is similar 
to what Baxter Healthcare used to help reduce 
contaminants in wastewater. Th e company viewed 
regulatory action as a product defect and employed 
the management strategy eff ectively to reduce the 
defect and increase sustainable eff orts in water 
treatment. 

Another approach many companies have started 
using is to combine the waste identifi cation and 

reduction strategies of Lean Manufacturing with 
the use of statistical analysis and projections from 
Six Sigma to make sustainable improvements (US 
EPA, 2009). Given the well-defi ned values and 
strengths of each program, they work well together 
to identifying necessary sustainable effi  ciency 
improvements.

TQM is dramatically diff erent in philosophy than 
Lean or Six Sigma. TQM is primarily focused on 
identifying and meeting all stakeholder demands to 
reduce risk and improve customer satisfaction, an 
approach that has the fl exibility to address issue that 
consumers, business partners, or employees bring 
forward. As sustainability continues to become more 
important to stakeholders, TQM practitioners need 
to stay on top of the latest trends and engaging with 
stakeholders. However, without a clear defi nition 
of expectations, the TQM process can be undefi ned 
and diffi  cult to tie to success factors. Only 20 to 
33 percent of companies using TQM strategies 
have reported quality and effi  ciency improvements. 
Th ese paltry results are in part due to companies 
not correctly identifying stakeholder expectations or 
being unable to meet those expectations. 

While TQM can theoretically cover any stakeholder 
demanded sustainable issue, a manufacturer may 
fi nd itself being spread very thin and struggling to 
determine a balance for meeting the confl icting 
demands of environmental stewardship, competitive 
pricing, profi tability, and fair working conditions. 

In order to successfully and sustainability 
implement the concepts of TQM, it is better to 
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use the strategy for specifi c programs, such as an 
employee engagement program, where employees 
can be involved with limited outside knowledge or 
additional training. When attempting to address 
technical manufacturing issues, companies should 
adopt the more defi ned Lean Manufacturing or Six 
Sigma processes (Anderson, et. al, 2006). 

After exploring Lean Manufacturing, Six Sigma, and 
TQM methods, it seems that they each have strong 
areas for helping a manufacturer address sustainable 
initiatives, but none naturally cover every issue. Lean 
Manufacturing deals with waste well, especially waste 
related to organization, transportation, and inventory. 
Teamed with Six Sigma’s focus on eliminating product 
defects, both are successful at reducing material and 

energy waste with a statistical analysis to provide risk 
management against unforeseen consequences. By 
adding in a TQM element, companies can address 
employee health and safety concerns, community 
involvement programs, and material sustainability 
issues because of TQM’s fl exibility to address 
stakeholder demands. However, it is recommended 
that TQM is limited to dealing with specifi c, well 
defi ned issues rather than balancing the demands for 
the entire manufacturing process. 

Each of the strategies discussed, when appropriately 
applied and framed, can help a manufacturer 
cover some sustainability issues while improving a 
manufacturer’s effi  ciency and profi tability.

Comparison of Manufacturing Management Methods

Lean Manufacturing  Six Sigma Total Quality Management

Material Effi  ciency

Reduces raw material 

purchasing through material 

recycling and defect 

reducti on

Just-in-ti me inventory 

benefi ts from locally 

sourced materials

Through reducing 

defects and improving 

process effi  ciency, 

material use is 

minimized.

To reduce operati ng costs will fi nd opti ons 

to reduce material use.

Recycles scraps and accepts end-of-life 

products for recycling into new products

Just-in-ti me inventory benefi ts from locally 

sourced materials

Water Use

To avoid over-processing 

water use is evaluated to 

minimize waste

When water use is 

minimized, storage capacity 

is reduced saving space and 

money.

Through reducing 

defects, water is less 

oft en in a wasted 

producti on

By using Six Sigma 

assessments, water 

quality is improved

Water use is evaluated and reducti on goals 

are set to reduce costs

Wastewater is recycled whenever possible 

to reduce water use

To improve brand management, water 

contaminati on is minimized
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Comparison of Manufacturing Management Methods

Lean Manufacturing  Six Sigma Total Quality Management

Energy Use

To avoid over-processing, 

energy use is evaluated to 

minimize waste

Just-in-ti me inventory 

reduces fuel costs through 

local sourcing

Reducing defects 

reduces energy wasted 

on failed producti on

Energy use is monitored 

and improved using 

stati sti cal tools to 

prevent spiking during 

manufacturing

Energy use is analyzed and reduced to cut 

costs

Opti ons to purchase or produce renewable 

energy are explored to diff erenti ate from 

competi ti on

Just-in-ti me inventory reduces fuel costs 

through local sourcing

Waste and Emissions

Reduces solid waste through 

material recycling and 

defect recycling

Emissions are diffi  cult to 

monitor with Kaizen event 

changes.

Through reducing 

defects, solid waste is 

reduced

Waste is reduced for brand management

Waste is reduced through recycling and in 

re-use in products

Emissions are measured and reported

Social Sustainability

Regulatory compliance can 

be an issue with Kaizen 

event process changes.

Employee safety is 

considered as part of the 

“deadly waste” of moti on.

Material safety is a concern 

to reduce defects and 

improve quality.

Material safety is a 

concern for customer 

sati sfacti on to reduce 

defects

Only a fracti on of 

employees are engaged 

in Six Sigma process

Employee health and fair treatment 

are major prioriti es due to employee 

involvement in process

Community development is a priority for 

brand management
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Taking the Next Step Towards 
Sustainable Manufacturing

For manufacturers already using Lean 
Manufacturing, Six Sigma, or TQM, the framework 
that is already in place for identifying and solving 
effi  ciency issues can be used for guiding workgroups 
in applying sustainable manufacturing principles. All 
three of the strategies base effi  ciency improvements 
around improving product quality, and through 
using sustainability assessments to address customer 
product quality expectations, manufacturers can use 
their current strategies to address sustainable issues. 

Some of the most common environmental issues 
manufacturers address includes emissions, resource 
use, and waste production. 

For example, in an organization that is using Lean 
Manufacturing, employees should be trained to 
identify and address sustainable issues throughout 
the manufacturing process. Th is parallels Lean 
Manufacturing’s focus on addressing product 
quality issues, but now that “product quality issue” 
is framed by the concept of “sustainable quality.” By 
training employees to identify sustainable issues in 
a Lean Manufacturing strategy, the manufacturing 
improvement process is helps align the entire 
operation with an easily understood sustainable 
improvement goal. 

To practically fuse Lean Manufacturing and 
sustainable manufacturing, the management team 
must fully commit to achieving sustainability goals 
in the manufacturing process. Opportunities for 
employee training on sustainable issues must be 
created and taught as part of Lean Manufacturing 
curricula. Once training has been completed the 

traditional techniques of Lean Manufacturing, 
like value stream mapping and 5-S can be used to 
specifi cally identify sustainable issues and make 
sustainable improvements. 

In value stream mapping exercises, new metrics 
are added to the evaluation of each process step to 
assess the amount of hazardous waste produced, 
water used, and energy consumed through the lens 
of sustainability (Langenwalter, 2006).  Workgroups 
can then use these fi ndings to gather and analyze 
data to implement sustainable improvements to 
the manufacturing process. Th e results from value 
stream mapping can help track an organization’s 
improvement along sustainable goals. 

Th e 5-S technique can also be used sustainably 
through the addition of a sixth S. Th e sixth S 
addresses safety in the production process to reduce 
workplace accidents and lost productivity due to 
employees missing time (Langenwalter, 2006).

Th rough adding sustainability concerns to traditional 
Lean Manufacturing improvement techniques, a 

To guide sustainable improvement 
goals complete the following 
sustainable assessments to gauge 
current practi ces:

• Waste audit

• Carbon calculator

• Energy audit

• Product life-cycle analysis

• Industry/product specifi c certi fi cati ons
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manufacturer can reduce resource consumption 
and emission production, attains process values for 
reporting to sustainability assessment programs that 
assess industrial sector standings, and addresses social 
sustainability concerns.

Manufacturers using Six Sigma excel at reducing the 
wasted resources associated with the production of 
defective products. Th ese improvements can reduce 
energy, material, and water consumption through 
using statistical analysis to identify where errors are 
occurring and their root causes. Once a commitment 
is made to improve sustainable assessment results, 
Six Sigma teams treat water and air quality leaving 
facilities as a product, similar to the methods used 
in the Baxter Healthcare case study, using metrics to 
identify and strengthen the manufacturing process 
to improve the product quality through reducing 
negative environmental impact (Baxter Healthcare 
Corporation, 2005). Th rough labelling emissions 
and process outputs as defects in the product quality 
system, Six Sigma teams are able to use metrics to 
reduce environmental eff ects and make sustainable 
improvements in a manufacturing process.

In a TQM manufacturing operation, stakeholder 
expectations are the driver behind any improvement 
goals, which means that improvements to 
environmental impact and social sustainability 
become part of customer satisfaction expectations. 
Research has shown that both customer satisfaction 
and sustainable business practices have a positive 
impact on product value, supporting a TQM 
operation’s focus on shaping practices to improve 
quality (Anderson, et. Al, 2006; Manget, et. al, 
2009). 

Sustainable assessments and the communication 
of assessment results are a primary focus of TQM 
manufacturers because assessments and their 
results provide an easily marketable way of showing 
sustainable improvements to stakeholders. Th rough 
continued employee involvement, a TQM process 
can also help strengthen a manufacturer’s social 
sustainability, both with employee-related initiatives 
and community development projects. TQM’s focus 
of meeting customer quality demands makes it the 
strongest for addressing sustainability as consumers, 
NGOs, and employees demand performance on 
sustainable issues. 
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Conclusion

A manufacturer already employing Lean 
Manufacturing, Six Sigma, or TQM methods can 
use the existing framework to address the product 
and process quality of their operations as they 
pertain to sustainable assessment and reporting 
programs. Th rough additional employee training 
both Lean Manufacturing operations and Six 
Sigma teams can learn to identify and improve the 
environmental impacts of their operations as part 
of the traditional systems for identifying waste and 
creating metric evaluations. In TQM operations, 
to address stakeholder demands, it is necessary to 
recognize the increasing value in environmental 
and social impact transparency through focusing 
eff orts on improving sustainable assessment results. 
Th rough using the existing effi  ciency-improvement 
framework and sustainable assessments, a 
manufacturer can improve its environmental impact 
and process effi  ciency without major changes to its 
manufacturing management strategy.
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5-S – Lean Manufacturing technique focused on maintaining a clean and orderly work space. Th e 5 S’ are 
Sort, Set in order, Shine, Standardize, and Sustain.

5 Whys –Six Sigma technique of asking why fi ve times to get to the root of any problem.

Cellular Manufacturing – Lean Manufacturing and TQM technique of organizing employees into work 
groups that complete entire production process to identify issues.

Descriptive Statistics – Six Sigma technique of calculating a processes average and then determining 
standard deviation to judge consistency.

Design of Experiments – Six Sigma technique to test a process before application to fi nd the limits are to 
achieving quality production.

Failure Mode Eff ect Analysis – Six Sigma technique to estimate the severity of a process failure.

Judoka – Pillar of Toyota Lean Manufacturing philosophy requiring line stopping when defects occur as 
mistake-proofi ng.

Just-in-time Inventory – Lean Manufacturing and TQM function of getting materials when production 
demands it rather than assuming fi nancial risks of stocking inventory.

Kaizen – Lean Manufacturing technique of rapid identifi cation, problem solving, and implementation to 
reduce production waste.

Lean Manufacturing – Manufacturing management method developed by Toyota Motor Corporation in 
the 1950’s.

Operating Costs – All costs associated with production including materials, energy, transportation, facility, 
employee, and regulatory fees.

Pareto Charts – Six Sigma technique for identifying the most prominent defect by typ eand cost.

Scope 1 Emissions – GHG emissions that are produced in manufacturing process.

Scope 2 Emissions – GHG emissions associated with purchased energy.

Seven Deadly Wastes – In Lean manufacturing the waste categories that are detrimental to quality and 
effi  ciency. Th ey are overproduction, inventory, defects, transport, motion, over-processing, waiting.

Six Sigma – Manufacturing management method developed in the 1980’s by Motorola focusing on the 
reduction of defects and variation in production.

Glossary
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Social Sustainability – All ethical social concerns associated with sustainability including human rights, 
labor rights, and corporate governance issues.

Stakeholder – Anyone with an interest in the manufacturing process including consumers, non-profi ts, 
NGOs, government regulators, employees, and investors.

Statistical Process Control – TQM technique of statistical projects run during production to assess defect 
rates.

Sustainability – commonly defi ne as, “meeting the needs of the present without compromising the ability 
of future generations to meet their own needs” (United Nations, 1987, para. 2)

Sustainable manufacturing – Using processes that minimize negative environmental and social impacts for 
the production of goods.

Total Quality Management – Manufacturing management method focused on quality that evolves to keep 
up with consumer demands and expectations.

Value Stream Mapping – Lean Manufacturing technique to visualize production process step-by-step to 
identify waste.
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