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ABSTRACT 

 

In the evolution of continuous improvement research, Lean Six Sigma is the most recent 

and widely accepted methodology used to reduce waste and increase process 

performance. The government of New Brunswick recently adopted the Performance 

Excellence Process, which is based on Lean Six Sigma and uses Strategy Maps and 

Balance Scorecard to guide the decision making process about improvement project 

selection. It has yet to be adopted by organizations providing the public service of solid 

waste management. This research provides a case study of the industry to explore quality 

in the context of solid waste management and how the Lean Six Sigma methodology can 

be adapted to include not only financial considerations, but also social and environmental 

factors.  
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Chapter 1 - Introduction 

Introduction 

Continuous improvement has become a focus for many organizations, both in the private 

and public sectors. The latest generation of continuous improvement methodologies is 

Lean Six Sigma. It integrates the concept of increasing efficiency and reducing cycle time 

by eliminating waste with the concept of reducing process variation to prevent defective 

products. Integration can help an organization to achieve results faster and more 

efficiently.  

 

These concepts were originally developed for the manufacturing sector. Lean Six Sigma 

has been well established as a successful business strategy for manufacturing industries, 

but its application in service organizations has been limited (Antony, Antony, Kumar, 

and Cho, 2007). Its application in the public service sector has been especially limited.  

 

The New Brunswick government has recognized the benefits that the Lean Six Sigma 

methodology offers in terms of efficiencies and cost savings and has recently undertaken 

a continuous improvement strategy across all departments. This change involved the 

creation of a new Strategy Department within the provincial government, a new 

Performance Excellence action plan, and a re-organization of how public services are 

administrated. Such a large endeavor takes time and as of yet, no projects have been 

initiated in the public service of solid waste management.  
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In today’s consumerism driven economy, where products are designed for convenience 

and to be disposable in nature, there is a cost to society for the ever increasing amount of 

solid waste material that is generated. According to Eiselt (2007), whose research focuses 

on location theory, the amount of waste generated per capita has increased over the years, 

but seems to have stabilized at about 2.04 kg (4.5 lbs) per day. People almost take it for 

granted that communities will provide the public service of solid waste disposal, but they 

have to remember that when they throw something away, that ‘away’ is a place.  

 

Management objectives in public service organizations differ from corporate 

organizations. Rather than having the goal of maximizing shareholder value, management 

of service organizations aim to look after the public interest and make decisions based on 

what the community values. Of course not all members of a community agree on how 

their tax dollars should be spent. A balance must be struck between those that want to pay 

as little as possible for waste disposal services and those that believe that the environment 

must be protected, regardless of the cost to society.  

 

Lean Six Sigma is aimed at increasing efficiencies, reducing costs, and eliminating 

defects, but when making decisions about solid waste management, those are not the only 

considerations. This study will explore using the Lean Six Sigma methodology when 

economic considerations are only part of the decision making process and must be 

evaluated in light of environmental and social implications. 
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This study will investigate Lean Six Sigma tools appropriate for traditional service 

sectors and apply them to the public service sector of solid waste management, where the 

focus is on in diverting materials from landfills and optimization of the salvage values of 

recycled materials and emissions.    

 

Achieving quality does not happen in one step. The literature review section of this study 

compares some of the popular techniques. The focus will be on how Lean Six Sigma 

evolved from total quality management (TQM), starting from Deming’s Plan-Do-Check-

Act (PDCA) cycle through to the Six Sigma methodology of Define-Measure-Analyze-

Improve-Control (DMAIC) and the integrated model of Lean Six Sigma.  

 

Based upon existing literature on the design of Lean Six Sigma projects and their 

established benefits, this study will investigate its use in the solid waste management 

industry, which is part of the public service sector in the province of New Brunswick.  

 

Structure of Regionally-Based Services in New Brunswick 

The government body in New Brunswick that is responsible for overseeing the public 

service sector of solid waste management is the Department of Environment and Local 

Government. Their mandate is to, 

…provide integrated stewardship through planning and management of 

land use, zoning development and waste management issues; ensure 

enforcement of and compliance with environmental legislation and 
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regulations; and provide effective consultation and liaison with 

municipal governments and local service districts on governance issues 

(New Brunswick Department of Environment and Local Government, 

2014, pg. 1). 

In 2013, a new local governance and service delivery system was implemented as 

outlined in the Action Plan for a New Local Governance System in New Brunswick 

(New Brunswick Department of Environment and Local Government, 2011). The 

Department of Environment and Local Government led the implementation and provided 

technical and financial assistance for locally-led community restructuring projects.  

 

As part of the restructuring process, twelve multi-purpose Regional Service Commissions 

were established. Prior to this, there were twelve solid waste management commissions 

that operated independent of each other. There were also twelve planning commissions, 

fifteen regional economic development agencies, nine water and wastewater 

commissions, and a number of mutual-aid agreements and cost-sharing agreements 

between municipalities and local-service districts across the province for the provision of 

various services (New Brunswick Department of Environment and Local Government, 

2011). 

 

The original plan was for the Regional Service Commissions to plan, deliver, or facilitate 

a wide range of services for both municipal and unincorporated local-service districts, 

including:  
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 regional planning; 

 local planning in local service districts; 

 solid waste management;  

 regional policing collaboration;  

 regional emergency measures planning;  

 and regional sport, recreational, and cultural planning and cost-sharing. 

 

The goal of the re-organization was to, “…strengthen collaboration among communities, 

ensuring cost effective service delivery, as well as improving accountability and 

transparency in regional service provision” (New Brunswick Department of Environment 

and Local Government, 2014, pg. 2). Differences in funding models and organizational 

structures created challenges in the implementation of the Action Plan as planned. It was 

therefore decided that the new plan would be phased in and would start by including only 

the Planning Commissions and Solid Waste Management Commissions.  

 

The Solid Waste Management division of the Regional Service Commissions is 

responsible for approvals to regulate the operation of landfills, transfer stations, 

construction and demolition (C&D) sites, composting facilities and dredge spoils disposal 

sites. There are currently six regional solid waste landfills and seven transfer stations. All 

six regional landfills operate landfill gas collection and treatment systems and three 

operate an electric generator. Figure 1 provides a New Brunswick map that shows the 

boundaries of the twelve new Regional Service Commissions. It also shows which areas 

have landfill sites and which ones have transfer stations, or that ship directly to the 

landfill sites.  
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Figure 1 – Boundary Map of New Brunswick Solid Waste Commissions 

 

 

 

 

 

 

 

 

 

 

 

 

 

These changes to further consolidate public services represent the next stage of evolution 

in the management of solid waste in the province of New Brunswick. Prior to the first 

round of consolidation efforts in 1987, there were many small unregulated landfills in 

New Brunswick that were the responsibility of the Department of Transportation. They 

were managed through a burn and bury type of program (New Brunswick Department of 

Environment and Local Government, 2001). Ever increasing environmental controls were 

very difficult to implement efficiently in the multitude of small landfills (Eiselt, 2007).  

This led to mega-landfills in a few optimal locations and transfer stations to gather waste 

in certain areas and load it onto large, more efficient trucks to be transported to the 

centralized landfills.  
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New Brunswick’s Newly Created Public Service Management System 

The strategic themes of New Brunswick’s government are, “A stronger economy and an 

enhanced quality of life, while living within our means” (New Brunswick Department of 

Environment and Local Government, 2014, pg. 3). To achieve this, and to manage 

strategy and improvement, the New Brunswick Performance Excellence Process was 

implemented in 2011-2012 and was managed by the newly created Office of Strategic 

Management.  

 

Then Premier David Alward described it as, “…a formal public service  

management system that has increased efficiency and accountability; improved services 

to the public; streamlined administration; and encouraged continuous improvement 

across the provincial government. [It] has led to strategically aligned departments and 

agencies; a more focused workplace; and more efficient and affordable services” (New 

Brunswick Executive Council Office, 2014a).  

 

It focuses on performance metrics and continuous improvement for a results oriented, 

long-term approach. The Continuous Improvement branch uses best practice tools and 

methodologies to ensure the effective and efficient delivery of government programs to 

fulfill the goal of living within our means. These tools and methodologies include, 

strategy maps, balanced scorecard, and Lean Six Sigma. The New Brunswick Department 

of Environment and Local Government Strategy Map is shown in Figure 2.  
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Figure 2 - Strategy Map for NB Department of Environment and Local Government 

 

 

 

 

Adoption of the Performance Excellence Process throughout the various governmental 

agencies happened in three phases. The Department of Environment and Local 

Government was part of the first phase. Having trained personnel to carry out continuous 

improvement projects is critical for success. Rather than rely on outside consultants, the 

government has partnered with a leading provider of Lean Six Sigma training to assist in 

the training and development of senior staff and process improvement facilitators. Each 

department designated an ‘alignment champion’ to take on the responsibility of leading 

the process and supporting the organizational thinking and culture change.  

 

During the 2012-2013 fiscal year, the Continuous Improvement branch collaborated with 

other branches, such as Analytical Services, Corporate Services, and Fiscal Policy 

divisions, to facilitate six process improvement projects and ten waste walk projects in 
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various divisions of the Department of Environment and Local Government. They were 

able to increase efficiencies in several areas and achieve $120,500 in cost savings. Across 

the board, in all governmental departments that are implementing the Performance 

Excellence Process, there have been over 400 process improvement initiatives and cost 

savings of more than $12 million since 2012 (New Brunswick Executive Council Office, 

2014c). In 2013, the province was formally recognized for performance excellence in the 

public sector, when it won the Atlantic Canada Innovation in Practice Award from 

Progress Media. In 2014, the provincial government received the Canadian Government 

Executive Leadership Award for providing improved public service at a lower cost with 

its Performance Excellence Process (New Brunswick Executive Council Office, 2014c).  

 

New Brunswick’s Waste Management Strategy/Policy 

The current framework for waste management strategies and policies is based on New 

Brunswick’s Clean Environment Act (1996), which includes regulations for diversion of 

designated materials. Goals for the development of waste diversion programs are outlined 

in the New Brunswick Waste Reduction and Diversion Action Plan (2001). According to 

Statistics Canada’s 2013 Waste Management Industry Survey, which is based on 2010 

data, New Brunswick’s diversion rate was 22.4% (Statistics Canada, 2013).  

 

Diversion programs for certain designated materials are established and administered by 

Recycle NB, which is a crown corporation. These materials include paint, used oil and 

glycol, which are regulated under extended producer responsibility programs (EPR). 
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There are regulated recovery targets for used oil, containers, filters and glycol, and the 

rates increase each year. New regulations are currently under review to include tires, 

electronics and batteries in EPR programs. Tires are currently managed under a 

stewardship program. Also in the development stage is a producer responsibility program 

for packaging (all sources, paper, plastic, metals or glass) and printed paper (PPP). 

Annual reporting on performance is required for these materials, but there are no set 

target recovery rates established. (Giroux, 2014b).  

 

A product stewardship model is used to manage beverage containers in New Brunswick. 

It is regulated under the Beverage Container Act (New Brunswick Department of 

Environment and Local Government, 2011), but there are no recovery targets set. 

Administration of the program is paid for with the un-refunded portion of each deposit. 

Part of the deposit is also put into the Environmental Trust Fund to support programs like 

recycling. “Beverage container handling fees are paid by beverage distributors to New 

Brunswick’s privately-run beverage container redemption centers as compensation for 

receiving, paying out refunds for, sorting, and storing returned beverage containers” 

(Giroux, 2014a, pg. 74).  

 

Each of the twelve Commissions also have voluntary recycling and waste diversion 

programs. Organic diversion is required in every region, but there are no set targets. 

Implementation is at various stages in each of the jurisdictions. Some have backyard 

composting, while others have curbside pick-up.  
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Southeast Regional Service Commission – Solid Waste Management Division  

The Southeast Regional Service Commission is managed by a Board of Directors made 

up of fifteen mayors of the municipalities that it serves and four representative of the 

local service districts. The Southeast Regional Service Commission Solid Waste Division 

was formally known as the Westmorland Albert Solid Waste Commission Corporation. 

The facility is located just outside of Moncton, New Brunswick and serves the counties 

of Westmorland and Albert. It also processes solid waste from Kent and Kings Counties 

that is shipped in from their transfer stations.   

 

The facility receives approximately 200,000 metric tonnes of waste per year, which is 

about one third of New Brunswick’s solid waste. Eiselt (2007) found that the Moncton 

site received about 1.2-1.5 standard deviations more waste than average for sites in New 

Brunswick. The mission statement for the organization is as follows: 

The Westmorland-Albert Solid Waste Corporation recognizes the 

importance of environmental protection and enhancement, and is 

committed to providing leadership in solid waste management for the 

community it serves. 

The corporation will take the initiative to act as an advocate for 

responsible waste management in the context of environmental 

protection, social acceptability and economic feasibility. The 

corporation will pursue its activities while developing harmonious 
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Figure 3 – Aerial Photograph of SERSC Solid Waste Management Property 

relationships with our clients and the public at large (Westmorland-

Albert Solid Waste Corporation, 2013).    

The Southeast Regional Service Commission Waste Management facility operates both 

the largest composting and material recovery plants in the province of New Brunswick. 

These recycling plants were built approximately eighteen years ago and were seen as 

being very progressive and state-of-the-art at the time. The site also includes metal, tire, 

and wood waste recycling areas, a secure C&D waste disposal site, a permanent 

hazardous household waste depot, a transfer station for residents with small amounts of 

waste, and a methane/landfill gas collection system (Regional Service Commission 7, 

2014). An aerial photograph of the site is provided in Figure 3.  
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In their efforts to be as environmentally and socially responsible as possible, the strategy 

of this facility has been to divert as much material away from the landfill as possible and 

to capture as much value as possible from the recovered materials. The policy has been to 

recover as much material as possible as long as a market can be found for it. Some 

materials are sold, while others the facility has to pay to dispose of. But, as long as 

another use for the material can be found and the diversion rate away from the landfill 

can be maximized, effort and expense to recover the materials is considered to be 

worthwhile.  

 

Research Question 

Over time, organizations that do not improve tend to naturally stagnate and lose the level 

of performance that was once achieved. There are two basic improvement principles: 

innovation and continuous improvement through short-cyclic changes (Imai, 1986; 

Povey, 1996).  To improve processes and increase performance levels, both principles 

should be utilized (Kuhlang, Hempen, Sihn, and Deuse, 2013).  

 

Lean Six Sigma is a relatively recent, but widely accepted version in the evolution of 

continuous improvement methodologies. It is customer focused and based on reducing 

waste and variation to increase efficiency and reduce costs. Solid waste management 

differs from other public services in that society as a customer is concerned with more 

than just cost reduction; environmental and societal factors need to also be considered. 
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The case study facility not only provides the public service of solid waste management, 

but it also produces a product in the form of recycled materials. 

 

The overall research question for this study is formulated as follows: How can continuous 

improvement methodologies be implemented in the public service sector of solid waste 

management? 

 

Structure of Thesis 

Following this introductory chapter, which outlines the context in which this research 

was conducted, the literature review chapter will describe the evolution of continuous 

improvement methodologies. It will highlight key research that addresses the similarities 

and differences in the methodologies. It will also highlight authors that have done 

foundational work that is important for this study.  

 

Chapter three will detail the research design and methodology that was used. The current 

state of the operation and processes at the case study facility will be discussed in chapter 

four. It will outline the current situation and present information about issues and/or 

opportunities for improvement that were identified in the research process. 

 

Chapter five is dedicated to data analysis. It develops the case for the identification of 

opportunities to implement continuous improvement methodologies in the public sector 

of solid waste management in New Brunswick. 
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The final chapter will focus on a discussion about the case that was developed to support 

the use of continuous improvement methodologies in the public service sector of solid 

waste management in New Brunswick. It will identify limitations of the research and will 

propose potential opportunities for future research.  

 

Conclusion 

This chapter set the stage for the rest of the paper by first introducing the Lean Six Sigma 

methodology and describing how it has been part of recent changes implemented in the 

provincial government. It then introduced the concept of why the efficiencies that 

continuous improvement methodologies can offer are important for solid waste 

management facilities. It goes on to provide context for the paper by describing the recent 

restructuring of the Regional Service Commissions and adoption of the Performance 

Excellence Process. New Brunswick’s current solid waste management strategy was then 

presented, along with a description of the current strategy of the case study facility. This 

introductory chapter concluded by introducing the research question and then describing 

the structure of the thesis.  
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Chapter Two – Literature Review 

Introduction 

Lean Six Sigma is one of the most recent and widely accepted theories in the evolution of 

continuous improvement methodologies. This literature review will first discuss the 

history of continuous improvement methodologies and how they evolved over the last 

couple of decades from TQM and Supply Chain Management to the development of the 

individual methodologies of Six Sigma and Lean Management to their integration as 

Lean Six Sigma.  

 

There are significant bodies of work that focus on related areas of research, such as on 

solid waste management, simulation and work improvement, and public sector policy. To 

limit the scope of this topic, this literature review describes the evolution of continuous 

improvement strategies to develop a basis of understanding and departure point to 

introduce research in support of the adoption of Lean Six Sigma programs.   

 

Evolution of Continuous Improvement Strategies 

Industries are continuously facing fierce competition and the challenge of meeting 

increasing demands for higher quality products and services at economic costs (Juran, 

1981; Porter and Rayner, 1992; Rehder and Ralston, 1984; Vinzant and Vinzant, 1996). 

One key success factor for an organization is how effectively it implements process 

improvement methodologies (Salah et al., 2011). Effective understanding of these 

methodologies and their relationships will provide an industry with a competitive 
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advantage. There is a lot of debate on which methodology is superior, how they relate to 

each other, what the common grounds are and what their differences are.  Salah et al. 

(2009) conducted a thorough comparison of TQM and Six Sigma, and investigated their 

similarities, differences and how they relate to each other. They also recently studied the 

integration of quality management and continuous improvement methodologies with 

management systems (Salah et al., 2010).  

 

Total Quality Management  

TQM has been one of the most popular continuous improvement methodologies and can 

be described as a management system for a customer-focused organization that engages 

all employees in continual improvement as it pertains to quality.  

 

Quality management methods have evolved through different stages in the last several 

decades such as inspection, control, assurance and TQM. TQM has been a dominant 

management concept for continuous improvement utilizing Deming’s basic concepts of 

Plan-Do-Check-Act. TQM can be defined as a quality management system, or a 

corporate culture continuously evolving and consisting of values and tools focusing on 

customer satisfaction and the use of fewer resources (Salah et al., 2013).  

 

Gallagher and Rahim (1992) applied the concept of TQM to the pulp and paper industry 

and presented an analysis of the buyer and supplier relationship. TQM depends on the 

effectiveness of how an organization manages its human resources (Morrison and Rahim, 
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1993). Pelletier and Rahim (1993) discussed TQM and the drawbacks of incentive 

systems. Whalen and Rahim (1994) described the common barriers to implementation 

and development of TQM programs. Randeniya et al. (1995) recommended that in order 

to revive TQM, organizations should use quality circles to achieve both quality and 

employee participation.  Short and Rahim (Short, 1995) viewed TQM as a philosophy 

used by organizations to drive continuous improvement across their business activities.  

 

Supply Chain Management 

In recent years, supply chain management has become an important business philosophy. 

It involves the efficient movement of product and service packages from point-of-origin 

to point-of-consumption. TQM and supply chain management share similar 

characteristics. The main focus of TQM is continuous improvement and participation 

from all internal participants, whereas supply chain management puts emphasis on 

continuous collaboration with external partnerships. In today's supply chain management 

system, because of increased competition, the supplier is required to offer high quality 

products to the global market with minimal societal cost incurred to the supplier, 

producer, distributor, and the customer. Quality cost is a measure of the cost associated 

with the achievement or non-achievement of product or service quality. There is a need to 

emphasize both internal and external partnerships to further strengthen the entire supply 

chain. The integration of Supply Chain Management and Lean Six Sigma was addressed 

by Salah et al. (2011a).   
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Six Sigma 

Six Sigma is an alternative method of quality improvement that was developed by 

Motorola. The ever-increasing integration of quality and business strategy is exhibited by 

the Six Sigma methodology. The Six Sigma methodology is a well-disciplined and 

structured approach used to enhance process performance and achieve high levels of 

quality. It is based on principles set up by quality experts, such as Shewart, Deming, 

Juran, and Ishakawa. Six Sigma is a business improvement strategy to enhance the 

profitability, productivity, effectiveness and efficiency of all operation processes with the 

aim of reaching and exceeding customers’ expectations. It is a project driven approach, 

which continually reduces defects in the process by using a collection of process 

improvement tools.  

 

Compared to previous quality improvement initiatives like TQM, Six Sigma has a greater 

focus on customer requirements, data analysis tools, project management activities and 

financial results. Appendix I presents what Antony (2006) offers as some of the 

fundamental differences between TQM and Six Sigma. Salah (2009) presents a 

comparison between TQM and Six Sigma. It identifies similarities, differences, and 

relationships between the two. This comparison is presented in Appendix II and III. 

 

TQM and Six Sigma share common values and goals. They complement each other and 

can be integrated (Salah et al., 2009a; 2010a). The Six Sigma methodology is well 

ordered and structured approach used to enhance process performance and achieve 
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quality and low variability level (Salah et al., 2010a). Performance improvement in Six 

Sigma aims to reduce defect levels to as low as 3.4 defective per million. 

 

One of the key advantages of Six Sigma that distinguishes it from previous quality 

approaches is its systematic framework with well-defined stages. Motorola created the 

following steps to achieve Six Sigma: Identify customer requirements; identify critical 

characteristics; determine if they are controlled by the process, the part or both; for each 

characteristic determine maximum range and process variation; redesign material, 

product and process capability. These steps were later replaced by General Electric’s four 

phases of the Measure-Analyze-Improve-Control model. After that, the define phase was 

added before the measure phase to form the well-known process of DMAIC. This may be 

regarded as a short version of Deming’s PDCA cycle (Salah et al., 2010; 2013).  

 

Lean Management 

Lean principles evolved from concepts that were developed in TQM and Just-in-Time 

Management (Cudney and Elrod, 2011). It can be traced back to the manufacturing 

practices of Ford, which were later studied by Taiichi Ohno of Toyota. He developed the 

concepts and tools of Lean Management and had the original implementation of them in 

the Toyota Production System (Shah and Ward, 2007).  

 

As a customer-focused methodology, Lean aims to achieve the highest standards of 

business performance as measured by the customer. Its primary focus is on increasing 
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efficiency and reducing cycle time by eliminating waste. By identifying value-added and 

non-value-added activities, it focuses on improving the flow of information and 

materials. A Lean system is able to a respond to fluctuating customer requirements and 

demands quickly and effectively (Cudney and Elrod, 2011).   

 

Salah et al. (2010a) presents a table that is shown in Appendix IV, which provides a 

comparison between Six Sigma and Lean. It highlights research that has been on the 

similarities, differences and the relationship between the two methodologies.  

 

Lean Six Sigma  

Lean Six Sigma is a combination of these two popular continuous improvement 

methodologies. Lean is concerned with improved process flow, whereas Six Sigma is 

concerned with reduced process variation to prevent defective products. Lean is all about 

speed and efficiency, while Six Sigma is about precision and accuracy. The integration of 

Lean and Six Sigma overcomes the shortcomings of both, as they complement each 

other.  While both Lean and Six Sigma have been used for many years, they were not 

integrated until the 1990s and early 2000s (Antony, 2005; Antony, 2006; George, 2002; 

George, 2003). A comparative understanding of the philosophies, evolution, and goals of 

both approaches improves opportunities for integrated implementation and further 

research.  
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Integration can help an organization to achieve results faster and more efficiently. The 

integration of the Lean Six Sigma concept creates an effective methodology to improve 

the product, process and customer satisfaction (Salah et al., 2010a). A careful 

implementation of Lean Six Sigma in supply chain management is thought to provide 

competitive advantages for global optimization (Salah et al., 2011).  

 

Salah et al. (2010a) studied the integration of Six Sigma and Lean management. 

Recently, several authors have either cited or followed up on this work. For example, 

(Garnes and Vikhagen, 2011; Gijo and Antony, 2014; Ngo, 2010; Punchaipetch and 

Liangrokapart, 2012; Pusporini, et al., 2013; Shu and Liu, 2011; Singh and Khanduja, 

2012; Singh and Singh, 2013).   

 

Recent case studies on the implementation of the Lean Six Sigma approach include a 

study by Heystek (2012) on improving the changeover time at a South African brewery  

and a study by Garnes and Vikhagen (2011) on the manufacturing of window hinges and 

fittings. Ngo (2010) approached the topic as it related to organizational performance and 

used survey information obtained by several New Zealand manufacturers that indicated 

that they implemented Lean Six Sigma programs. Yang and Yang (2013) studied an 

integrated model of the Toyota production system with TQM and people factors and 

concluded that such an integrated model proves a much more effective Lean system and 

has the potential to produce significantly enhanced benefits for firms that implement it. 

Salah et al. (2010b) provided case studies on a total company-wide management system, 

which is based on Lean Six Sigma. 
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The vast majority of research being done on the implementation of Lean Six Sigma 

methodologies continues to focus on manufacturing industries. A limited amount of work 

has been done in service sectors (Parasuraman et al., 1993; 1994). Examples can be found 

though in studies done in the field of health care, as evidenced by the work by 

Punchaipetch and Liangrokapart (2012) and Folinas and Ngosa (2013) who both looked 

at the supply chain of pharmaceutical products, Also, a study done by Gijo and Antony 

(2014), who investigated the potential of using Lean Six Sigma methodologies to reduce 

patient wait times.  

 

In a study on how to select Lean Six Sigma projects, the example of a car manufacturing 

training-center was used to develop a framework that would align improvement projects 

with company strategy. A portfolio matrix was used to support the decision making 

process (Lustig, 2012). He also compiled a list of success factors for Lean Six Sigma 

projects that were sourced from several different authors. Table 1 focuses on business 

benefits criteria for project selection and Table 2 focuses on feasibility criteria.  

 

  Table 1 Business Benefits Criteria 

Financial/Quality 

Impact 

-major importance of problem in terms of cost, quality and customer 

satisfaction (Antony, 2007) 

-financial impact/benefit (Misra, 2008; Banuelas, 2006; Topfer, 2007) 

-contribution to business result (Franco et al., 2010) 

-business impact (financial and/or qualitative) (Franco et al, 2010) 

Strategy -clear connection to strategic objectives of the business (Antony, 

2007) 

-business strategy focus (Franco et al., 2010) 
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-impact on business strategy (Misra, 2008) 

-connected to business strategy and core competence (Banuelas, 

2006) 

Customer Impact -customer benefit (Topfer, 2007) 

-customer impact (Banuelas, 2006; Misra, 2008) 

Organizational 

Learning 

-learning benefit (Misra, 2008) 

-learning and growth (Banuelas, 2006) 

-cross functional benefits (Misra, 2008) 

-impact on core competencies (Misra, 2008) 

Urgency -(Misra, 2008) 

Source: Lustig, 2012 

 

Table 2 Feasibility Criteria 

Goals -management and champion approval, commitment and support (Franco et 

al., 2010; Banuelas, 2006; Antony, 2007) 

-specified goal (Franco et al., 2010); measurable and feasible (Banuelas, 

2006); clear and unambiguous goals and project definition (Topfer, 2007) 

-high probability of success (Topfer, 2007; Misra, 2008) 

-no preconceived solutions (Zwikael, 2010) 

-appropriate complexity (Misra, 2008) 

-project charter well defined and completed in time (Franco et al., 2010) 

Scope/Duration -project duration/deadline is less than six months (Franco et al., 2010; 

Topfer, 2007; Antony, 2007) 

Project Measures -quantitative measures to project success that can be evaluated both before 

and after the project is completed (Antony, 2007) 

-relevant metrics are unambiguously identifiable and quantifiable (Topfer, 

2007) 

-projects metrics should equal process KPIs (Franco et al., 2010) 

-succinct, measurable, attainable project objectives (Antony, 2007) 

Knowledge -inspiration and dedication (Franco et al., 2010) 

-discipline (well trained in methods and project management) (Franco et al., 

2010) 

-appropriate selection of project team (Franco et al., 2010) 

-resources needed (Misra, 2008) 

-expertise (Misra, 2008) 

Follow-up -champion and management follow-up (Franco et al., 2010) 

-project closure (control plan/standard operation) (Franco et al., 2010) 

Source: Lustig, 2012 
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Conclusion 

The literature review presented research that was done as continuous improvement 

methodologies evolved in the last few decades from TQM, through to the recent and 

widely accept Lean Six Sigma methodology. By focusing on this limited scope, as 

opposed to introducing bodies of work done in related fields, this chapter laid the 

foundation upon which the case could be built to support the adoption of Lean Six Sigma 

programs.  
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Chapter Three - Research Design and Methodology 

Introduction 

This chapter will detail the chosen research design and methodology that was developed 

for this research. It will first describe the research methodology that was chosen and why 

it was deemed to be the most appropriate method. Recognizing that there are challenges 

and limitations associated with each research methodology, issues and concerns about the 

chosen method will be addressed. Next, the data collection methods that are appropriate 

for the chosen method will be listed and details will be provided about which methods 

were utilized for this study. Finally, this chapter will provide the rationale for decisions 

that were made when making design choices for this study and conclusions that were 

drawn from them. 

 

General/Theoretical Framework 

This research uses a case study methodology. As described by Yin (2014), the case study 

research method is appropriate for use, “…in situations when (1) the main research 

questions are “how” or “why” questions; (2) a researcher has little or no control over 

behavioral events; and (3) the focus of study is a contemporary (as opposed to entirely 

historical) phenomenon” (Yin, 2014, pg. 2). Case studies allow researchers to maintain a 

holistic and real-life perspective and to take contextual conditions into consideration. In a 

case study inquiry there are many more variables of interest than there are data points. 

This is because it is a technically distinctive situation and evidence is gathered from 
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several sources, then triangulated as it is brought together. Data collection and analysis is 

guided by previously developed theoretical propositions (Yin, 2014).   

 

Case study research can be designed to use single- or multiple-cases. The single-case 

study methodology was chosen for this research. Comparability and generalization can be 

difficult in a single-case study, but it is appropriate as a rationale when the case is 

considered to be a critical, unusual, common, revelatory, or longitudinal study. In this 

study, propositions will be examined that are critical to the theories and that will 

contribute to “knowledge and theory building by confirming, challenging, or extending 

the theory” (Yin, 2014, pg. 51).  

 

To describe research design, Yin (2014) draws from Philliber, Schwab, and Sloss (1980), 

where they say that it can be thought of as a ‘blueprint’ that addresses the issues of: what 

questions to study, what data are relevant, what data to collect, and how to analyze the 

results. According to Yin (2014), the five main components of research design are as 

follows: 

 a case study’s questions; 

 its propositions, if any;  

 its unit(s) of analysis; 

 the logic linking the data to the propositions; and  

 the criteria for interpreting the findings. 
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Propositions 

Continuous improvement methodologies are associated in research with the theory of 

constraints to identify key limiting factors, or the bottleneck of a process. They are also 

the subject of research on organizational theories to maximize organizational 

performance and decision-making theories as individual projects are evaluated and 

prioritized (Yin, 2014).  The holistic nature of the case study approach allows for the 

inclusion of discussion of all of these theories, but the primary focus of this research is on 

the decision-making aspect.  

 

For case study research, theoretical propositions are used to find or learn about analytic 

generalizations, as opposed to statistical generalizations. Analytic generalization could be 

used to reinterpret the results of existing studies, or identify new findings from other case 

situations. “…[T]he analytic generalization may be based on either (a) corroborating, 

modifying, rejecting, or otherwise advancing theoretical concepts that you referenced in 

designing your case study or (b) new concepts that arose upon the completion of your 

case study” (Yin, 2014, pg. 41). 

 

The case study will investigate how continuous improvement methodologies like Lean 

Six Sigma can be used to reduce waste and maximize efficiency at a solid waste 

management facility. It will also show how the public service of solid waste management 

differs from other services and how continuous improvement methodologies must be 

adapted to meet customer needs.  
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There are several types of case studies. Yin (1993) identifies the three major types of 

exploratory, explanatory, and descriptive. This case study research is exploratory in 

nature and as such will lead to the potential for further research on continuous 

improvement projects that are identified. Tellis (1997) states that research propositions 

are not necessarily required for exploratory case studies, but they can be helpful. 

 

Keeping in mind that the research question for this study is on how continuous 

improvement methodologies can be implemented in the public service sector of solid 

waste management, the following propositions will be investigated to indicate specific 

topics to be studied and to evidence that will be gathered:  

 What are the determinants of quality in relation to the public service of solid waste 

management? 

 What is the context/situation/environment that the case study facility operates in? 

 Which Lean Six Sigma tools and techniques would be appropriate for use at the design 

phase of the DMAIC process? 

 How should continuous improvement projects be chosen? 

 

 

Unit of Analysis 

The unit of analysis for this case study is Southeast Regional Service Commission, Waste 

Division. The facility is located on Berry Mills Road, which is on the outskirts of 

Moncton, New Brunswick. It serves the counties of Westmorland, Albert, Kent and King. 

The solid waste of approximately one in three homes in New Brunswick is processed 

through this facility.  
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This study is timely with the recent re-organization of Service Commissions in New 

Brunswick and recent adoption of the Performance Excellence Process as a new Public 

Service Management System. With the changes not yet being filtered down to the Waste 

Management Division, it is an ideal time to investigate the appropriateness of the 

methodologies in this context. Since the waste management programs of each Regional 

Service Commission have evolved independently, and the ultimate goal is to increase 

transparency and sharing across the Commissions. The findings of this study will be 

generalizable and useful for decision making about the future of waste management in 

the province.  

 

Scope 

To start exploring opportunities to implement Lean Six Sigma at the solid waste 

management facility, this research will focus on the define stage of the DMAIC process. 

Through this limited scope, opportunities to implement improvement projects will be 

identified. Improvement projects that have been undertaken since the change to the 

Regional Service Commission structure will first be described in order to present the 

current context and situation under which the facility operates.  These include changes 

that would fall under both the innovative and continuous improvement principles and set 

the stage for adoption of formal continuous improvement programs. Time constraints, 

access to information, and the holistic nature of this research limit the scope of this study. 

Details about each potential project, such as those that would be included in the project 

charter, will not be part of this research.  
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Logic Linking Data to Propositions 

To analyze this case study data, the general strategy that was utilized was to follow the 

theoretical propositions already developed in other research on continuous improvement 

methodologies. The Lean Six Sigma continuous improvement methodology has been 

proven to provide significant benefit to both manufacturing and service organizations. It 

improves quality by reducing variability and it increases productivity by reducing waste. 

 

Continuous improvement methodologies like Lean Six Sigma can be adapted for the 

supply chain of the solid waste management industry, where the focus is on diverting 

materials from landfills and optimization of the salvage values of recycled materials and 

emissions. The goal is not to manufacture a good or service for profit, but rather how to 

minimize the impact that today’s consumerism driven economy has on the environment 

in the long term. 

 

Lean Six Sigma is customer focused. From a broad holistic view, the customers of the 

solid waste management industry include society as a whole, but can be segmented into 

geographic areas and further segmented into internal customers, which would include 

management and staff, and external customers, which would include residential, 

commercial, and institutional customers. For the purpose of this thesis, where the focus is 

on decision-making theories, the customer is defined as the management of the facility 

who are tasked with looking after the best interests of the society.  
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This study will look at consumer preference metrics from the unique perspective of 

environmental concerns. Models developed by leading researchers in the field of quality 

management will be presented to lay the groundwork of what quality means in the 

context of solid waste management. Different than other public services, there are both 

service and product quality dimensions that apply. With environmental concerns being a 

key consideration, a third model will be presented that takes social, environmental, and 

financial factors into consideration. This is known as the triple bottom line of social 

responsibility. These models will be used to assist in the determination of what is 

important to customers and where improvement efforts should be focused. 

 

The scope of this research is limited to the define stage of the DMAIC process of Lean 

Six Sigma. Therefore, the decision-making theoretical aspect of Lean Six Sigma will be 

the focus of is investigation. With the goal being to explore how continuous improvement 

methodologies like Lean Six Sigma can be used in the public service of solid waste 

management, specifically at the particular facility of the case study, models will be 

presented that describe key success factors of any Lean Six Sigma program and factors 

that should be taken into consideration when deciding on what projects should be 

undertaken.  

 

The established quality tools, techniques and methodologies associated with Lean Six 

Sigma are essential to the successful deployment of a quality program. The Lean Six 

Sigma toolkit consists of approximately 150 tools that evolved from the integration of the 

Lean methodology with the Six Sigma methodology. Some tools are used to identify 
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occurrences of what the Lean methodology identifies as the seven deadly wastes: over-

production, unnecessary waiting, transportation, unnecessary movement, over-

processing, inventory, and defects. Other tools are used to improve quality by reducing 

variation through statistical process control. Tools will be identified that are appropriate 

for use in the define stage of the DMAIC process and that could be used to either identify 

or implement continuous improvement projects. The discussion will be qualitative in 

nature. 

  

Data Collection Methods 

Sources of evidence for case studies include primary documents, secondary documents, 

cultural and physical artifacts, interviews, and observations. For this research, 

information that was gathered through interviews was verified and triangulated with 

information gathered through direct observations during site visits, analysis of primary 

documents like annual reports, and monitoring of secondary documents, such as news 

reports and other media footage.  

 

A key informant was instrumental in developing an understanding of both the history and 

the current context of the public service of solid waste management in New Brunswick. 

He was a Solid Waste and Geotechnical Engineer with a Ph.D. in Landfills/Landfill Gas. 

He has been involved with the Southeast Regional Service Commission, Solid Waste 

Division, as an engineering consultant for the last eight years. He has not had direct 

experience with the implementation of continuous improvement methodologies, but 
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noted that the concepts are increasingly becoming part of the conversation patterns within 

the solid waste management industry, especially at the upper management level of the 

regional directors. He assisted with this research by facilitating site visits and interviews. 

He also provided access to industry reports and current research.  

 

To understand issues, concerns, and industry developments, information was also 

gathered from a conference put on by SWANA (Solid Waste Association of North 

America). The focus was on recycling programs in Nova Scotia, but it provided insight 

into differences between each province’s programs and an opportunity to compare and 

benchmark against a neighboring province.  

 

Criteria for Interpreting the Findings 

Ensuring validity and reliability is important in any type of research.  Yin (2014) 

provides the following criteria and definitions for judging the quality of research designs: 

 Construct validity: identifying correct operational measures for the concepts being 
studied 

 Internal validity (for explanatory or causal studies only and not for descriptive or 
exploratory studies): seeking to establish a causal relationship, whereby certain 
conditions are believed to lead to other conditions, as distinguished from spurious 
relationships 

 External validity: defining the domain to which a study’s findings can be generalized 

 Reliability: demonstrating that the operations of a study – such as the data collection 
procedures – can be repeated with the same results 

 

In case study research, interpretation of the findings does not necessarily depend upon 

statistical analysis (Yin, 2014). In this single-case study framework, the goal was to apply 

the proven theories and methods and to show how they could be adapted and applied in 
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the context of the public service of solid waste management. Since this research is 

exploratory in nature and not aimed at identifying causal relationships, internal validity 

does not apply.  

 

The information in Table 3 provided by Yin (2014) to outline four tests that are used in 

case study research to address the issues of validity and reliability. It has been adapted to 

include how the issues were addressed in this study.  

Table 3 Case Study Tactics for Four Design Tests  

TESTS Case Study Tactic Phase of Research 
in which Tactic 
Occurs 

Applicable to this 
Research 

Construct 

validity 

 Use multiple sources of 
evidence 

 Establish chain of 
evidence 

 Have key informants 
review draft of case 
study report 

Data collection  

Data collection 

Composition 

Yes 

Yes 

Yes 

Internal 

validity 

 Do pattern matching 

 Do explanation 
building 

 Address rival 
explanations 

 Use logic models 

Data analysis 

Data analysis 

Data analysis 

Data analysis 

Not for use in 

Exploratory 

Research 

External 

validity 

 Use theory in single-
case studies 

 Use replication logic in 
multiple-case studies 

Research design 

Research design 

Theory 

Reliability   Use case study 
protocol 

 Develop case study 
database 

Data collection 

Data collection 

Yes 

Source: Adapted from Yin, 2014 
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To ensure construct validity, evidence was gathered for this case study from multiple 

sources. Information that was obtained through the interview process was verified and 

confirmed with publicly available documents. These documents included internal and 

provincial annual reports, consultant reports, websites, and media coverage. To address 

the issue of reliability, a database was built with copies of all aforementioned documents. 

The final draft of this report was reviewed by the key informant for validation. It was also 

reviewed by personnel closely involved with facility operations to make sure that the 

descriptions were accurate and that key issues were correctly identified. External validity 

was ensured by applying the case study evidence against established theories. Research 

papers that formed the theoretical basis, as well as research papers used to build a case in 

support of adoption of the Lean Six Sigma methodology, were included in the database.  

 

Issues and Concerns 

Yin discusses that fact that traditionally there have been concerns about whether the case 

study methodology is an acceptable investigative format, as compared to other methods 

such as experiments or surveys (Yin, 2014). One of the concerns is whether the case 

study method is rigorous enough in its following of systematic procedures. Another is 

whether some investigators confuse the preparation of case studies with the preparation 

of teaching cases, where evidence can be manipulated to highlight particular points. The 

ability to generalize, especially in single case situations, is another common concern and 

can be addressed by recognizing that the goal is to expand and generalize existing 
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theories. Comparability is yet another concern, as the case study method is evaluated 

against other methods, such as randomized controlled trials. This issue can be addressed 

by noting that case studies can provide insight that other forms of research cannot and 

that they can be seen as an adjunct or compliment for other research methods in some 

cases. Lastly, Yin lists unmanageable levels of effort as being one of the concerns about 

conducting case study research, but notes that the document produced need not be 

lengthy and that evidence can be gathered simply through telephone interviews, or 

internet access (Yin, 2014). Meredith also notes that disadvantages of case study research 

include that it can be costly and time consuming to gather evidence from multiple sources 

and especially through the direct observation method (Meredith, 1998).  

 

Conclusion 

Chapter three focused on the research design and methodology. This study follows the 

methods of Dr. Robert K. Yin, a leading author in the area of case study research. The 

general/theoretical framework was first introduced, and then the five main components of 

research design were addressed. The issues of scope and data collection were both 

included within the discussion. The chapter concluded with by addressing issues and 

concerns associated with the case study methodology.   



 

38 

 

Figure 5 - SE Recycle Rebranded Image 

Chapter Four – Current Business Model 

Introduction 

This chapter presents the business model of the Southeast Regional Service Commission, 

Solid Waste Division facility, which was chosen as the case study for this research. The 

history, management, funding model and staffing arrangements are discussed. The 

various processes ranging from collection, intake, landfilling, composting and recycling 

are explained and areas identified for improvement are provided for each.  This is done in 

sufficient detail to allow the reader to start to envision where improvement 

methodologies could be employed to effect positive change.  

 

Formally known as the Westmorland Albert Solid Waste Corporation, the Solid Waste 

division of Southeast Regional Service Commission was rebranded in 2013 and now 

operates under the name SE Recycle (Regional Service Commission 7, 2014). The 

rebranded promotional image for SE Recycle is pictured in Figure 5.  

 

 

 

 

 

 

The facility had been operated by the same General Manager, since its opening in 1991. 

He passed away in 2012, just as the change to the new Regional Service Commission 
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structure was being implemented and as province’s new public sector management 

system, known as the Performance Excellence Process, was being adopted. Since that 

time the facility has been managed by an interim General Manager, then an Operations 

Manager, and most recently by the Director of Solid Waste. Each of these individuals had 

their own perspective towards objectives and priorities.  

 

This atmosphere of change presents a rare opportunity to review the way the facility was 

historically operated, to examine some of the significant changes that have occurred since 

the change to the Regional Service Commission format, and the opportunity to explore 

the potential for further improvements through the formal adoption of a continuous 

improvement strategy.  

 

In order to identify opportunities to implement continuous improvement methodologies, 

it is first important to understand how the process currently works and what issues, 

concerns, and improvement opportunities were identified in the research process. The 

following section will begin by providing information about the quantity of materials that 

the organization handles, the funding model that it operates under, and how it is staffed. It 

will then describe the business process from a holistic perspective through the entire 

supply chain from the customer disposing of solid waste materials to the final destination 

of those materials either being sold in recycling markets, or to their burial in the 

designated landfill location. 
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Quantity of Solid Waste Accepted 

 

The facility directly serves the counties of Westmorland and Albert and accepts waste 

that is brought in from the counties of Kent and Kings. As such, it accepts, or processes, 

approximately 1/3 of the solid waste for the province of New Brunswick. The following 

table presents the types and quantities of solid waste that is received from various 

sources. Mandatory residential sorting programs are in place for all municipalities that 

the facility serves within the counties of Westmorland and Albert, and the counties of 

Kent and Kings are currently in the process of amending by-laws to be included in the 

programs. Table 4 presents information for 2012 to 2014 as representative quantities for a 

general overview of the system.  

Table 4 Quantity of Solid Waste Received at Facility 

Tonnage of Waste Received  2014 2013 2012 

Area Metric Tonnes Metric Tonnes Metric Tonnes 

Blue Plant 29,388 32,688 32, 502 

Green Plant 23,102 24,809 25,467 

ICI 69,855 69,652 68,674 

Kings (RSC 8) 9,588 9,236 9,792 

Kent (RSC 6) 16,276 15,373 14,585 

Metal 131 172 123 

Tires 61 208 206 

Wood 747 633 1,044 
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Landfill 91,846 89,321 87,198 

C&D 18,261 29,696 26,689 

Blue Plant (in) 29,388 32,688 32, 502 

Blue Plant rejected (out) 20,623 21,510 20,677 

Green Plant (in) 23,102 24,809 25,467 

Green Plant rejected (out) 14,870 16,726 17,466 

Source: Southeast Regional Service Commission, 2015  

Funding 

Proper disposal of solid waste in the Regional Service District 7 is the responsibility of 

SE Recycle Solid Waste Division, but waste collection is the responsibility of the 

individual municipalities. A few select municipalities do provide collection services 

using municipal staff and resources, but the vast majority employ private contractors who 

bid on tendered contracts to provide residential curbside pick-up in each jurisdiction. The 

Department of Environment and Local Government is responsible for waste collection 

outside of municipal jurisdictions.  

 

Bylaws of each municipality govern how solid waste disposal is handled in each area. 

The Commission makes recommendations, but ultimately the bylaws and enforcement 

are up to the municipality, or local service district. The Commission charges each 

individual municipality for waste disposal and they in turn pay it out of the property tax 

revenues. At this time, they are only being charged for residential waste. Fees for 

industrial, commercial and institutional (ICI) waste disposal are paid to local waste 
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removal companies by each individual business or organization. The waste disposal 

companies are charged tipping fees when waste material is dropped off at the solid waste 

management facility.  

 

Expenses for the Commission’s solid waste management facility are all covered by 

operationally generated revenue streams. There is no governmental subsidization and 

revenue streams must cover operational expenses, capital expenditures, and long-term 

planning. The primary source of revenue is from tipping fees, which are the same for 

both contracted waste disposal companies and individual drop-offs. The 2016 tipping fee 

for mixed solid waste is $80.00/tonne and C&D waste is $25.00/tonne. Residential 

customers are able to drop off e-waste at no charge. Commercial customers are charged a 

base tipping fee, plus $10 per monitor for e-waste. Table 5 outlines tipping fees that were 

charged for various materials in 2012 to 2014.  

 

Table 5 Tipping Fees 

Services 2014 Fee 2013 Fee 2012 Fee 

Tipping Fees $72.00 $67.03 $65.18 

C&D Tipping Fees $25.00 $25.00 $24.00 

Grubbing $10.00 $10.00 $10.00 

E-waste $72.00  
+ 10.00/Monitor 

$67.03 
+ $10.00/Monitor 

$65.18 
+$10.00/Monitor 

Source Separated 
Organics 

$30.00 $30.00 $30.00 

Source: Southeast Regional Service Commission, 2015 
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Other revenue streams include the selling of recycled materials to secondary markets.  

The waste management facility has several recycling programs. In the Dry Waste 

recycling plant, materials are hand-sorted and then sold to recycling markets. These 

materials include, but are not limited to, milk cartons, coffee cups, newspaper, cardboard, 

metals, electronics, Styrofoam, and all types of plastics. Some of these materials are 

sellable in the recycled materials market and some are recovered so that they can simply 

be diverted away from the landfill. For many materials the revenue that is generated from 

the sale is offset by the cost to ship them to the buyer. It is, in some cases, a break-even 

type of exchange. In a few cases, such as for tires, e-waste and hazardous waste, there is a 

straight cost to the facility for disposal of the materials.  

 

A portion of the environmental fee associated with redeemable beverage containers in 

New Brunswick is deposited into the Environmental Trust Fund. Province wide, New 

Brunswick has a recovery rate of 79 per cent for redeemable containers, which is among 

the top three in Canada for comparable programs (New Brunswick Department of 

Environment and Local Government, 2011).  This fund is used to support environmental 

initiatives by providing grants for specific projects. In 2013, a grant was received to 

support a public education campaign about residential mandatory sorting requirements 

and a second grant was received to support the processing and shipping of e-waste for 

recycling. In 2014, the fund supported a project to recycle fluorescent bulbs and a 

regional education program about residential waste separation programs (Southeast 

Regional Service Commission, 2015) 
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Table 6 outlines the portion of revenues from various sources that were used to finance 

the budget of the solid waste management programs for the Southeast Regional Service 

Commission in 2013 and 2014.  

 

Table 6 Revenue Sources for Solid Waste Budget 

Revenue Source 2014 2013 

Municipalities and LSD’s 29% 30% 

Tipping Fees Paid by ICI 
and C&D 

56% 57% 

Recycling 8% 10% 

Rentals and Services 2% 2% 

Reserve Transfer 4% --- 

Other Revenues 1% 1% 

Source: Southeast Regional Service Commission, 2015 

 

Staffing 

The entire site employs approximately 120 people, some of which work directly for the 

facility, while others are contract workers employed through a resource management 

company. The management team includes the Director of Solid Waste, Environmental 

Operations Manager, and Site Operations Manager. Other key positions include an 

Environmental Technologist, Civil Technologist, Mechanical Engineer, Diversion 
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Coordinator, Public Relations Officer, and Office Administrator. Besides the day-to-day 

operations, management and administrative staff are also involved with research and 

development, marketing, and public relation campaigns. Where there is interest and time, 

the core staff are encouraged to take additional training in various areas of the operation, 

so that as much of the ongoing work as possible can be the responsibility of regular staff.  

Specialized work is outsourced to contractors, consultants, and experts in the field, in 

order to ensure that the facility is getting the highest quality and most current information 

that is available. Outsourcing is also used for the staffing requirements of the dry plant 

sorting line, where there can be a large amount of turnover in the staff. The facility is not 

equipped to provide that level of human resource management, so they use the services of 

a human resource staffing company. The company has an office unit within the facility 

that takes care of all of the staffing needs.  

 

The soft variable of human performance is a major factor in the quality of recycled 

materials that come off of the sorting line. Materials can be missed, or incorrect materials 

can be put down into the bins, thereby lowering the quantity and quality of the recycled 

products and affecting their value in the recycling markets. Management is in discussions 

to find ways to optimize the staffing levels at the facility. Ideas being discussed include 

training and incentive programs, increased surveillance of workers on the sorting line, 

and increased automation so that the number of workers required could be reduced.  

 

By its very nature, the working conditions of the job are challenging. Efforts are made to 

provide a positive work environment and the comfort of the staff is always taken into 
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consideration. They are provided with vaccinations, safety clothing and equipment, and 

padded flooring where requested at each picking station to reduce physical fatigue and to 

adjust the height for individual workers. Healthcare workers are brought in for on-site 

visits on a weekly basis. The picking line works in two shifts. They have two 15 minute 

breaks and an hour for lunch, during which time the sorting line shuts down.  

 

Process 

SE Recycle operates both the largest wet and dry recycling plants in New Brunswick, 

along with a landfill, C&D disposal site, and recycling programs for hazardous waste, 

electronics, tires, appliances, and wood products. The facility is only responsible for 

handling materials once they arrive on site, but since it provides a service to the public, 

the process actually begins with the customers in the designated service areas who are 

disposing of solid waste materials.  

 

Residential Curbside Pick-Up 

The process begins in each individual residential household with the sorting of waste into 

blue bags for dry materials destined for the Materials Recovery Facility and green bags 

for organic material that are destined for the Composting Plant. Contracted waste 

collection companies conduct weekly pick-ups in their designated areas. In some areas 

two separate trucks are used to pick up Blue or Green waste, but in most areas a split 

truck is used, where both can be collected in the same vehicle and each compartment can 

be opened individually. Periodic curbside monitoring and observations at the facility 
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Figure 6 - Non-Compliance Notification 

indicate that the ratio is 70% blue transparent bags that are dropped off at the Material 

Recover Facility and 30% green transparent bags that are dropped off at the Composting 

Plant. 

 

Issue/Opportunity for Improvement 

 

Black garbage bags are not picked up, nor are blue or green bags that have not been 

sorted properly.  Proper sorting includes following the extensive, well-publicized lists of 

materials that are to be placed in each bag, ensuring that green bag items are removed 

from packaging and that food containers are emptied, separated, rinsed and wiped clean 

before being placed in the blue bags. Depending on the municipality and the bylaws 

enacted in that region, failure to follow the guidelines can result in a non-compliance 

sticker being placed on the bags, which then need to be removed from the curb and re-

sorted before being accepted. Rebranding efforts in the fall of 2013 were part of a larger 

public education program designed to encourage compliance with sorting and disposal of 

household waste. Figure 6 presents an image used as part of the public education 

campaign to promote sorting compliance.   
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Commercial and Institutional Pick-Up 

Sorting of solid waste materials is not required for commercial and institutional 

customers. This includes apartment buildings, businesses, schools, hospitals, etc. These 

customers pay for waste disposal to the individual companies that have the contract to 

pick up waste in certain areas.  

Issue/Opportunity for Improvement  

There is much discussion about why these customers are not required to sort their refuse 

like residential customers are. Compliance and enforcement on a larger scale is a 

significant issue, but one of the biggest issues is having enough capacity at the recycling 

plants to handle the volume of material that would be delivered if commercial and 

institutional customers were required to sort their solid waste.  

 

Intake 

 

Changes to the intake process were among the first improvement projects that were 

undertaken following the change to the Regional Service Commission structure. There 

were originally two vehicle weigh scales at the entrance to the facility; one for weighing-

in and one for weighing-out. The scales were used for both the general public and for 

commercial waste collection vehicles. Line-ups were an ongoing problem, especially on 

the weekends, because every vehicle was required to stop at the attendant’s booth, exit 

the vehicle and go inside to get an intake number, before proceeding to the scales.  
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Commercial Vehicles 

Two additional scales were added and the vehicles streams were separated. The outside 

scales were designated for commercial waste disposal vehicles. Electronic chips were 

added to the windshields of the trucks, so that drivers were no longer required to exit 

their vehicles. This enabled them to bypass the attendant and for weights to be 

automatically recorded and the information to be sent to the main office for billing to the 

individual waste collection companies. Drivers of commercial collection vehicles are 

now able to proceed directly to the recycling plants, or landfill site.  

 

General Public 

To further speed up the process, the attendant’s booth was modified to include drive-

through windows to serve the general public, so that they were no longer required to exit 

their vehicles either. Drivers are now able to simply stop to speak to the attendant, who, 

depending on the quantity and nature of the materials, directs them to either the 

designated drop-off area close to the entrance, or to the appropriate site within the 

property.  They are given a numbered card and instructed to drive over the scales to get 

an entrance weight of the vehicle.  

 

The drop-off area is designed to accommodate three to four vehicles at a time, depending 

upon their size. It is located outdoors and consists of a ramp leading to a raised platform. 

Drivers exit their vehicles and throw material over a railing into large bins that are 

designated for dry recyclables, compost, or materials destined for the landfill. The 
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general public is not permitted to go to the recycling plants, so those materials must be 

left at the drop-off area.  

 

Depending on the quantity and nature of the material to be dropped off, drivers could 

choose to go to the various drop-off sites within the property designated for electronics, 

appliances, wood, C&D waste, or hazardous waste. They could also go directly to the 

working landfill site.  

 

After dropping off materials, vehicles then return to the weigh scales and give the 

attendant their check-in identifier and are charged for the difference between their 

entrance and exit weights at a rate of $80/tonne for mixed waste and $25/tonne for C&D 

waste.  

 

Issues/Opportunity for Improvement  

One of the improvement projects that is currently in the design phase, is the addition of 

an on-site transfer station to be used as a drop-off center for the general public. This 

would allow more control over materials that are being dropped off, increase safety for 

the general public, and create higher levels of customer satisfaction. By having a 

centralized drop-off area, where bins are moved around with roll-off trucks, recyclables 

like electronics, appliances, tires, and wood products could all be handled at one location 

alongside materials that are destined for the wet and dry recycling plants.  
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Figure 7 – Hazardous Waste Symbols 

Household hazardous waste (HHW) could also be handled at the same location. 

Currently, HHW can be dropped off at no charge at an on-site depot, or it can be 

collected via a Mobile HHW Recovery Unit that circulates through municipalities in the 

spring and fall.  Employees sort the hazardous products, so that they can be sent to other 

facilities that are specifically designed for hazardous waste disposal. SE Recycle does not 

dispose of ICI hazardous waste.   

 

HHW is never to be included in the blue or green bags for curbside pick-up, nor are 

automotive parts or batteries. Figure 7 depicts hazardous waste symbols that would be 

shown on containers that should never be included for curbside pick-up. These items can 

be dangerous for those doing collection, staff in the recycling plant, and for the 

environment if they make their way into the landfill. Environmental contamination is a 

significant concern, yet other than education programs, there is no system currently in 

place to ensure that hazardous products are not sent to the landfill as the public unloads 

unsorted materials.     
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Landfill Site 

The landfill area is made up of a series of individual cells that are engineered to prevent 

contaminants from affecting the environment. As one cell is filled, it is designed to be 

tied in to the next cell. The engineering design to keep them sanitary includes impervious 

liners to create a barrier to the ground and ground water; drainage and runoff collection 

systems, including plumbing, leachate ponds, and aeration ponds; and gas collection and 

venting systems, including manholes, vacuums, and a methane flare.   

 

Unsorted black bag waste and large or bulky household waste, such as furniture, light 

fixtures, bathroom fixtures, and ‘Spring Cleanup’ materials are taken directly to the open 

landfill working site and unloaded onto the pile by private vehicles and commercial waste 

collection vehicles. Heavy equipment constantly works to pile and compact the materials. 

To contain waste material, and prevent it from spreading throughout the property, netting 

is put up to catch any material that becomes airborne. Grounds crews regularly remove 

any debris on the roadways that falls off of vehicles as they enter the property, or any 

material that gets past the netting.   

 

At the end of each day, a temporary cover material is spread over the working landfill 

area. Once a cell is full, a final cover of drainage gravel, re-compacted clay and top-soil 

is used to close the area. Eventually, each cell is landscaped and covered with grass and 

trees.  
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Issue/Opportunity for Improvement  

Public perception of the operation is considered to be very important. The property is 

kept as clean as possible, but the very nature of the service and the fact that the general 

public is allowed to go right to the landfill site makes it a challenge to manage. The most 

common complaint made by the general public dropping off waste is damage to vehicle 

tires from broken glass and other sharp objects on the road. In terms of risk management, 

a bigger issue is the safety factor involved with having private vehicles, commercial 

waste collection vehicles and heavy equipment that is constantly working the site to pile 

and compact the waste materials, all on the open landfill site at the same time.  

 

For people living in residential areas close to the property there are concerns about air 

pollution. Being a good neighbor is considered to be very important, so efforts are 

continuously being made to manage odors inherent to the process. The daily cover, the 

gas collection system, and the leachate treatment system all serve to minimize air quality 

problems and mitigate the risk of public complaints. 

 

Concerns for the welfare of wildlife are also ever present. A large number of scavenging 

birds are always present on the landfill site. Eagles are of notable importance, because as 

a protected species their welfare becomes an issue.  Ground nesting birds are also a 

concern and plans to address their welfare are an important part of Environmental Impact 

Assessment studies, which are done before any land management projects are approved.  
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By law, every solid waste management facility is required to have a post-closure fund in 

place to ensure that there are sufficient monies set aside to deal with the eventuality of 

shutting down the landfill site and properly monitoring and maintaining it for the long-

term. The post-closure plan for the ultimate end use of the land is still in the development 

stage.   

   

Construction and Demolition Site 

The C&D site accepts materials for burial such as asphalt shingles, gyproc and drywall, 

insulation, untreated wood, siding, windows, concrete and brick, bathroom and plumbing 

fixtures, countertops, etc. Because these materials are deemed to be relatively inert, 

provincial regulations allow for C&D waste to be buried without cell liners and leachate 

collection.  

Issues/Opportunity for Improvement  

The Southeast Regional Service Commission has voluntarily chosen to include leachate 

collection in their C&D site as an additional part of their efforts to show exemplary care 

for the environment. This comes with additional costs that are not incurred by other 

nearby privately owned C&D sites. This allows the privately owned sites to charge lower 

tipping fees and ultimately to divert waste away from the Southeast Regional Service 

Commission facility. Reduced waste volumes result in increased unit costs and make any 

efforts to recycle more difficult.  
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As with the landfill site, the general public is allowed to go directly to the C&D site to 

drop off materials. Even though there are staff present to guide and assist with the drop-

off, there are safety concerns and risks associated with allowing the general public access 

to an area with machinery and dangerous materials.  

 

Wet Plant 

In 2014, the Wet Plant diverted 36% of green bag waste away from the landfill. 

Most green bag organic waste that is delivered to the composting plant is processed the  

same day. Once materials are dumped onto the tipping floor, a front-end loader works to 

pile and push the green bags onto a conveyor that feeds a large tumbling machine that 

separates the materials and removes materials that are not compostable. The machine sifts 

and grinds the material so that it becomes fine enough to fall through holes and out of the 

machine and into bins that carry it to the next step in the process. The fine organic 

material is pushed into long channels, where it is watered and aerated regularly. The plant 

is heavily automated and personnel in the control room monitor moisture levels, 

temperatures, and speed of the machines. Once processed, the compost then moves to 

outside storage areas, where it is piled in long rows for future use.  

Issues/Opportunity for Improvement 

Compliance is very important for green waste bags. Glass is very difficult to remove and 

the presence of even small amounts of it renders the compost unusable as a recycled 

product for the general public. Figure 8 presents a promotional image that is used to 

educate the public about materials that should be included in green bags. It stresses that 
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Figure 8 – Promotional Image for Green Organics 

glass should never be included in green. A major problem in the composting plant is that 

quite often the general public thinks that it would be better to put the glass containers into 

the green bags, so that people on the recycling line aren’t exposed to so much broken 

glass. The problem is that when the bags go through the shredding machine, the glass 

shatters and goes into the compost material making it unusable for the residential or 

commercial compost markets. The organic material is being diverted away from the 

landfill and stockpiled on the property for potential future use.  

 

 

 

 

Dry Plant 

Most of the sorted residential solid waste that is brought to the dry plant each day is 

processed by the end of the day. There can be some overlap because loads fluctuate each 

day. The trucks are weighed on their way into the plant and weighed again after they drop 

the first materials onto the tipping floor of the dry plant, and again after they have 
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dropped the green bags onto the tipping floor of the wet plant. That way, the tonnage of 

material delivered to each plant can be tracked.  

 

On the tipping floor, one loader pushes the blue bags into a pile as they are dumped by 

the haulers and another loader feeds the first conveyor, so that sorting machines can work 

at a steady rate. The first machine will tear open the bags and shake the contents to 

separate them on the conveyor belt. The speed of the conveyor belt is set to optimize a 

balance of the amount of material that can go through the plant in a day, with the amount 

of time that the staff in each cabin can realistically be expected to sort and pick 

recyclables out at each cabin. Too fast and the pickers will miss materials, too slow and 

there will be a back-up on the tipping floor.   

 

The sorting line is set up as a series of cabins, separating machines, and conveyor belts. 

In the first cabin, large materials that are referred to as defects are removed from the line. 

This would include electronics, small appliances, and other bulky items that would jam 

up the machines. To prevent HHW waste from getting into the landfill, there are 

collection bins at every step within the sorting process, so that gathering those materials 

becomes everyone’s responsibility.  

 

Each cabin is designed for the separation of different materials and there is signage at 

each station to indicate which materials are to be placed in each drop zone, which lead to 

compaction and baling machines. Between each cabin there are claw and shaker 

machines that are designed to separate materials and to collect certain products like 
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newspaper, while allowing other materials like small uncollectable items and dirt to drop 

out off of the conveyor system. Besides the speed of the line, another variable that is 

adjusted to optimize performance of the machines is the angle of elevation and height of 

the drop from one machine to another.  

 

Giroux (2014) provides the following standardized list of materials that are collected and 

recycled in many programs, as well as a list of materials that are not recycled.  

 Dry and clean paper (fine paper) 

 Newspaper, flyers 

 Glossy magazines, catalogues 

 Envelopes 

 Paper egg cartons 

 Paperback books and phone books 

 Corrugated Cardboard 

 Boxboard 

 All plastic containers, tubs and lids 

 All plastic bags including: grocery, retail, bread, dry cleaning and frozen food 

bags, bubble wrap 

 Glass bottles and jars 

 Steel and aluminum cans 

 Aluminum foil and plates 

 Paper packaging coated in wax or plastic  

 Aseptic packaging 

Other materials which are not widely recycled presently in the Atlantic region: 

 Aerosol containers 

 Plant pot, flower box/wrap 

 Plastic clamshells 

 Hot and cold disposable drink cups, disposable plates, take-out and home delivery 

food service packaging 

 Food wraps provided by the grocer for meats, fish, cheese, etc. 

 Prescription bottles 

 Gift wrapping/tissue paper 

 Construction/craft paper 
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In 2014, SE Recycle diverted 30 per cent of the blue bag materials away from the landfill 

(Southeast Regional Service Commission, 2015). Table 7 indicates the amount of 

recyclable materials that were collected at the dry plant facility from 2012 to 2014.  

 

Table 7 Quantity of Recyclables Recovered at SE Recycle Dry Plant Facility  

Tonnages of Recyclables                 2014 2013 2012 

Recyclables Metric Tonnes Metric Tonnes Metric Tonnes 

Mixed Paper -- 19 43 

Newsprint 5107 4401 4,222 

Cardboard (OCC) 2347 2764 2,680 

Tin Cans 392 495 529 

Plastic Film 435 351 409 

Hard Plastics 443 493 468 

Milk Cartons 168 182 176 

Electronic Waste 194 240 200 

Redeemables 11 47 178 

Styrofoam 63 -- 75 

Aluminum 80 70 17 

Paint (HHW) 118 106 88 

Total 9358 9168 9085 

Source: Southeast Regional Service Commission, 2015 
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Issues/Opportunity for Improvement 

Materials are weighed as they come into the dry plant and again as recyclables are baled 

and sent to market. Bales of material are weighed as they are produced and inventory is 

updated monthly to reflect starting inventories, quantities that were shipped, and ending 

inventories being stored. All materials removed from the processing line is weighed, 

though not on a daily basis, but rather as the bins have been filled.  

 

Some businesses and organizations voluntarily sort their waste and the recycling facility 

accepts it at a lower tipping fee rate. Clean organics from places like grocery stores, food 

courts and the zoo, is accepted for $30/tonne versus the $80.00/tonne that is normally 

charged. Cardboard material from businesses that tend to generate large quantities of it, is 

also accepted at a lower rate.  The reasoning behind this is that these products actually 

increase the quality of the recycled materials that are able to be recovered from the 

residential waste.  

 

There are different grades of recyclables and the higher the grade, the more they are able 

to sell the materials for in the market. Milk and juice cartons are baled separately from 

cardboard. Cardboard represents one of the most valuable recyclable products because of 

the quantity that can be removed from the line and the value it has as a recycled material.  

 

Another product that is accepted at no charge from a particular manufacturer is large bags 

of loose styrofoam pellets. By combining them with the types of styrofoam that are 



 

61 

 

Figure 9 – Promotional Image for Blue Recyclables 

included with residential waste the end product after melting and compressing becomes a 

more durable and valuable material for resale.  

 

There is currently no recycling program for cloth or textiles. It is removed from the 

sorting line at the very beginning of the process so that it does not get wrapped up in the 

machines and cause jams or line stoppages. The fact that there is no market for recycled 

cloth is noteworthy. In our consumerism driven economy where fashion trends change 

quickly and it is increasingly easy to purchase inexpensive clothing that has been 

manufactured in overseas markets, a tremendous amount of clothing and other cloth 

products are destined for the landfill.  

 

Glass is another product that appears in high volumes that there currently are no markets 

for. Figure 9 presents a promotional image that is used to educate the public about 

materials that should be included in the blue bag that is destined for the material recovery 

facility (MRF). Even though glass is not recycled and it actually presents hazards in the 

plant setting, it is still included in the blue recycling bag.  
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Conclusion 

This chapter represents a compilation of information about the case study selected for this 

research. The history, management, funding model and staffing arrangements of the 

facility have been summarized. Most of the critical processes have been described in 

detail and potential areas of improvement were identified for each. The descriptions of 

the processes and the identified areas for potential improvement provide the foundation 

required for a discussion of the propositions that were put forward in chapter three.  
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Chapter Five – Data Analysis 

Introduction 

The analysis will begin by discussing challenges associated with decision-making in the 

public sector. To develop an understanding of the business model that the organization 

operates under, Barney’s resource-based model is then presented. It then looks at what 

quality means in the context of solid waste management. By describing improvement 

projects that have already been undertaken at the case study facility since the 

restructuring began, it sets the stage for moving forward and addressing issues of pressure 

for change in strategy both at an organizational level and at the provincial level.   

 

In order to address the question of how continuous improvement methodologies could be 

used in the public service sector of solid waste management, the analysis will first 

describe benefits that organizations would see with the implementation of Lean Six 

Sigma. This leads to a discussion on how management would begin the process of 

implementing a continuous improvement program, including a discussion on staffing and 

on tools and techniques that would be appropriate for use at this stage of the process. It 

looks at factors that influence project selection, by discussing how Lean Six Sigma can 

be used as part of the larger concept of portfolio management. It also looks at how the 

balanced scorecard can be used with Lean Six Sigma to make decisions about project 

selection, including selection criteria, key performance indicators, and the advantages and 

disadvantages of using the balanced scorecard model.  
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Decision-Making in the Public Sector 

Society has an expectation that those responsible for providing public services will do so 

in the most efficient and effective manner possible. Not only are they accountable to their 

customers, but also to citizens and communities as well (Ramseook-Munhurrun et al., 

2010). The decision making process for project selection is more complicated in the 

context of a public service organization. Managers have to go through public consultation 

processes, but must also go through and answer to different levels of bureaucracy 

including provincial, regional and municipal departments. Politics and potential changes 

in prioritization with changes of governing parties increase the complexity of choosing 

projects and setting priorities. “… [S]ervice quality practices in public sector 

organizations is slow and is further exacerbated by difficulties in measuring outcomes, 

greater scrutiny from the public and press, a lack of freedom to act in an arbitrary fashion 

and a requirement for decisions to be based in law” (Ramseook-Munhurrun et al., 2010, 

pg. 37). 

 

Management of service organizations must stay well-informed about industry trends and 

societal influences. Public service organizations must meet expressed needs, but also 

have the challenge and complexity of finding out unexpressed needs, establishing 

priorities, distributing resources and publicly defending decisions that have been made 

(Ramseook-Munhurrun et al., 2010). Once it is decided what society values and how they 

want the service to be delivered and at what cost, the process is again slow and 

complicated because many improvement projects must then go through a tendering 

process to determine what contractors can deliver at the best price for the best value. 
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Contractors, and management in general, must then comply with various codes and 

standardization practices including environmental regulations, building and transportation 

standards, health and safety standards, etc.  

 

The Resource-Based View of the Organization 

Competitive advantage in the context of the public service of solid waste management is 

important, even though it is not profit orientated. Effective management techniques and 

optimization of resources is critical for the maximization of benefit to society. SE 

Recycle follows the resource based view of a firm, which Barney and Hesterly describe 

as, “…[A] model of firm performance that focuses on the resources and capabilities 

controlled by a firm as sources of competitive advantage” (Barney and Hesterly, 2006, 

pg. 76). Resources are the tangible and intangible assets that a firm possesses that are 

used to implement its competitive strategy. Capabilities enable a firm to utilize the 

resources it controls. In order to produce competitive advantage, the assets need to be 

valuable, rare, and difficult to imitate. The firm must be organized in such a way that the 

resources and capabilities can be used to their full potential. “The foundation of many 

capabilities lies in the skills and knowledge of a firm’s employees and, often, their 

functional expertise” (Hoskisson et al., 2004, pg. 112).  

 

Following Barney’s resource based school of thought, the business model is based on a 

differentiation strategy where the focus is on optimizing production through investment 

in infrastructure and technology. The Commission outsources functions in its value chain 
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that are not core competencies and do not provide competitive advantage. “… 

[O]utsourcing is the purchase of a value-creating activity from an external supplier” 

(Hoskisson et al., 2004, pg. 122). This includes contracting out its human resource 

support activity for staffing of the MRF and hiring consultants for engineering design and 

project management services. The core management team are well trained in their 

specialty areas and continued education is encouraged. “To verify that the appropriate 

primary and support activities are outsourced, four skills are essential for managers: 

strategic thinking, deal making, partnership governance, and managing change” 

(Hoskisson et al., 2004, pg. 123).  When looking at the development of a provincial solid 

waste management strategy, the resource-based view would support transparency and the 

sharing of resources. 

 

Quality in the Context of Solid Waste Management 

In manufacturing, producers improve quality by reducing variability. In the service 

sector, the service provider improves quality by satisfying the needs of customers (Li, 

2003). Perceived quality is based on customer opinion. When looking at opportunities to 

implement continuous improvement methodologies in the public service sector of solid 

waste management, it is important to first look at what quality means in this context. The 

public service of solid waste management differs from other services in that both service 

and product quality dimensions apply. One of the distinctive characteristics of a service is 

that it is produced and consumed at the same time. But, part of the service that is 

provided by solid waste management facilities is to salvage as much value as possible 
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from discarded materials, by sorting and processing them to ultimately produce a product 

that can be sold in recycling markets.  

 

Service Quality 

Five dimensions that have been widely recognized and used to assess service quality are: 

tangibles, service reliability, responsiveness, assurance, and empathy (Parasuraman et al., 

1984).  Some researchers also add social responsibility as a dimension of service quality 

(Avkiran, 1999; Sureschandar et al., 2002). Table 8 describes each of the dimensions of 

service quality and lists the specific criteria related to each dimension.  

 

Table 8 Six Broad Dimensions of Service Quality 

Dimension Refers To Specific Criteria  

Tangibles The physical representations or images 

of the service 

Physical facilities  

Equipment  

Technology 

Employees 

Communication materials  

Service Reliability Ability to perform promised service 

dependably 

Timeliness 

Consistency/Regularity 

Accuracy 

Responsiveness The willingness to help customers and 

to provide prompt service  

 

Willingness to help  

Prompt attention to requests, 

questions 

Problem resolution 

Complaint handling 

Flexibility 

Assurance The knowledge and courtesy of staff; 

their ability to inspire trust and 

confidence 

Staff competence 

Respect for stakeholders 

Credibility 

Probity and confidentiality 

Safety and security 
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Empathy The caring individualized attention 

provided to stakeholders 

Access (to staff, services, 

information)  

Communication (clear, 

appropriate, timely) 

Understanding the 

stakeholder 

Services appropriate for 

stakeholders’ needs 

Individualized attention  

Social 

Responsibility 

The consideration of the concerns of 

customers, citizens and communities 

Good service at a reasonable 

cost  

Staff 's sense of public 

responsibility 

Source: Adapted from Zeithaml et al., 1990   

 

The relative importance of each quality dimension varies from service to service. In the 

public service of solid waste management, reliability would be an important dimension 

that service quality is based on. Even though all of society is the ultimate customer, most 

people do not understand the process, issues, and concerns associated with the public 

service of solid waste management. The vast majority of customers will never see the 

facility. Most people put their solid waste out to be picked up by a company that has been 

contracted by the municipality to provide collection services. It is important for them that 

the service is reliable and that their solid waste goes away, but they do not actually have 

any contact with the waste management facility that ultimately deals with it.   

 

The general public would also consider social responsibility to be an important dimension 

upon which to assess quality in the public service of solid waste management. Social 

responsibility as a dimension of service quality is described as providing a good service 

at a reasonable cost and as the staff having a sense of public responsibility. It is important 
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for most people that their tax bill does not increase as their municipality negotiates with 

the Regional Service Commission for provision of the service. They also trust that the 

people tasked with dealing with the public service of solid waste management do so with 

the best interest of society in mind.  

 

Product Quality 

Garvin developed one of the most widely cited lists of product quality dimensions, which 

included: performance, features, reliability, conformance, durability, serviceability, 

aesthetics, and perceived quality (Garvin, 1984). Table 9 defines each of Garvin’s eight 

dimensions of product quality. 

Table 9 Garvin’s Product Quality Dimensions 

Dimension Description 

Performance The efficiency with which a product achieves its purpose.  

Features Attributes of a product that supplement the product’s basic 

performance.  

Reliability The propensity for a product to perform consistently over its useful life. 

Conformance Meeting design specifications on a product’s numeric dimensions.  

Durability The degree to which a product tolerates stress or trauma without failing.  

Serviceability The ease of repair for a product. 

Aesthetics Subjective sensory characteristics for a product. 

Perceived Quality The customer’s opinion of the product.  

Source: Adapted from Garvin, 1984 
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When looking at the system as a whole, performance, described as the efficiency with 

which a product achieves its purpose, is a key dimension upon which the system should 

be assessed. This would apply to various parts of the operation. It would apply to how 

efficient the intake process is for both the general public and contractors, which would 

directly affect customer satisfaction levels. In the MRF, it would reflect the ability to 

process the quantity of solid waste that is delivered to the facility each day. Quality in the 

composting plant would be assessed not only by its ability to process the quantity of 

material that is delivered each day, but also by the usability of the final product after 

processing.  

 

Conformance, which is described as meeting design specifications on a product’s 

numeric dimensions, is the most relevant dimension upon which to assess the outputs of 

the recycling process. As part of the public service of solid waste management, discarded 

materials are sorted and processed in the MRF to recover as much material as possible 

that could be diverted away from the landfill and sold in recycling markets. Quality in 

these recycled products is evaluated according to how the bales of recycled materials 

meet the specifications of quantities of certain materials per tonne. Defects in this context 

would refer to incorrect materials being included in the bales, or lower than acceptable 

grades of material being included.  
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Triple Bottom Line 

The administration of solid waste management facilities need to consider not only 

economic considerations, but also social and environmental factors. The Triple Bottom 

Line model is used by organizations in their efforts to focus on corporate social 

responsibility. Organizations that are considered to be socially responsible are proactive 

in their approach to addressing social and environmental issues that affect their 

stakeholders, thus having positive cumulative effects on their communities (Dixon, 

2014). Increased efficiency and innovation can affect financial results without having 

negative effects on the environment. Being socially responsible can earn an organization 

brand respect from their communities and loyalty from their customers (Dixon, 2014).  

 

Slaper and Hall (2011) describe Triple Bottom Line as an accounting framework that is 

used to base business decisions on sustainability considerations from three dimensions: 

social, environmental (ecological) and financial (economic). These dimensions are also 

referred to as the three Ps: people, planet, and profit and as the ‘three pillars of 

sustainability’. The use of this model allows organizations to consider decisions within a 

broader context and to adopt a long-term view when making decisions and evaluating 

their consequences. Figure 10 provides a visual representation of the Triple Bottom Line 

model.   
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Figure 10 - Triple Bottom Line 

 

The model was originally developed by John Elkington in his book Cannibals with Forks 

(Elkington, 1998). He argues that with the ever increasing complexities of modern 

business, in order to be successful and sustainable, they must not ignore social justice, 

environmental quality, and what he calls the ‘global cultural revolutions’ that tie these 

issues into financial results. Table 10 depicts what Elkington describes as an evolved 

sustainable future:   

 

Table 10 Old and New Paradigms 

Revolution Focus Old Paradigm New Paradigm 

1 Markets Compliance Competition 

2 Values Hard Soft 

3 Transparency Closed Open 

4 Life-cycle Technology Product Function 

http://www.google.ca/imgres?imgurl=http://api.ning.com/files/ncjhoUUyOxKNMzb81SNG*SDZ-Hr1pm77dxY1ZqOJxEGDiFSQUtnuqxd4uvRX3aMJ5z8QI3F9LSc6y7eYT5B7oBGgWqJANnQA/corporate_social_responsibility.gif&imgrefurl=http://www.developmentcrossing.com/profiles/blogs/corporate-social-responsibility-increases-your-bottom-line&h=337&w=553&tbnid=DvibNVeSNDP3bM:&zoom=1&docid=cFhlTPylEev5WM&ei=tYlOU-m1D46F0QGi7IHgCg&tbm=isch&ved=0CFcQMygEMAQ&iact=rc&uact=3&dur=792&page=1&start=0&ndsp=8
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5 Partnerships Subversion Symbiosis 

6 Time Wider Longer 

7 Corporate Governance Exclusive Inclusive 

Source: Elkington, 1998 

 

How to quantify the costs and benefits of social and environmental responsibility is the 

major challenge of the Triple Bottom Line Model (Dixon, 2014). Measurement 

difficulties also include finding data and determining how a social or environmental 

project or policy contributes to sustainability (Slaper and Hall, 2011). Norman and 

MacDonald (2004) are critical of the Triple Bottom Line model and believe it to be 

misleading because the literal meaning of it is often not achievable, since the issues are 

often qualitative and there are no quantitative standards upon which to base key 

performance indicators. The counter argument is that it should be used metaphorically to 

assess corporate performance multi-dimensionally (Pava, 2007). Other research shows 

that there are emerging, but not yet standardized, methods to measure sustainability 

quantitatively (Garbarino and Holland, 2009; Matthews et al., 2002). 

 

Improvement Projects Undertaken Since Restructuring Began 

Several improvement projects have been undertaken in the three years since the 

organizational restructuring took place. Formal Lean Six Sigma programs have not yet 

been adopted, but the projects that were initiated were in line with the spirit of the Lean 

Six Sigma methodology. In determining which projects to invest in, management went 
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through a decision making process that was very similar to the recommended process for 

selecting Lean Six Sigma projects. Management examined historical records of the 

facility to see where emphasis had been placed in the past and familiarized themselves 

with projects, programs, regulations, industry standards, etc. They attended public 

consultation meetings and Regional Service Commission meetings, met with engineering 

consultant firms, attended industry training courses, etc.  Management also elicited public 

feedback by taking part in media interviews. All of this was done with the goal of 

gathering input from the public on what they valued and what their concerns were about 

the operation of the waste management division of their Regional Service Commission.  

 

The general manager was held accountable by both the Executive Director and ultimately 

by the Regional Service Commission Board for recommended improvement and project 

choices, so each project did go through a formal selection process, even though it was not 

specifically a Lean Six Sigma project. Management relied heavily on outside consultants 

for advice on requirements, costs, and benefits of potential projects. Formal proposals, 

similar to project charters, were prepared by consultants as work was prepared to be put 

out to contractors for tender. Even though the approval process was time consuming and 

complex, the projects generally still fit into the relatively short time restrictions 

recommended for Six Sigma projects. Most projects were set with short deadlines and 

tight schedules and in the first two years following the organizational restructuring, 

several major projects were undertaken and completed.  
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Priority for project selection was given to major capital improvement projects.  Nine 

million dollars was borrowed from the Capital Borrowing Board, so that the projects 

could all be initiated and completed quickly. These involved both innovation and upgrade 

type projects in several areas of the facility and were required for environmental 

regulation conformance and to ensure the long-term sustainability of the operation. They 

included construction of a new landfill cell, procurement of a landfill gas electrical 

generation unit, improvements to the existing wet and dry recycling systems, and an 

upgrade to the leachate treatment system. An equipment upgrade for the MRF was 

planned, but postponed due to the anticipation of potential changes in the facility’s 

strategic direction. Investments in technology also included 3-D imaging of the materials 

recovery facility to provide detailed information about the building to assist in the 

process of upgrading equipment. Most recently, a drone was purchased to assist with 

gathering information about various aspects of the property. The initial purchase included 

photographic capabilities with the option to upgrade to gather a wide variety of 

information about the site.     

 

Current Recycling Program – Public Opinion at Time of Adoption 

When the current two stream mandatory sorting program came in to affect not every 

municipality was in support of the program. Initially, there was resistance from some 

municipality leaders who expressed concerns about the number of complaints that they 

would receive from people in their jurisdictions. Management of the facility encouraged 

participation in the program and promoted the benefits of giving people the opportunity 

to participate. There were some complaints in the first few weeks, but people quickly 
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became accustomed to the sorting process and offered very little resistance. To encourage 

and enforce compliance, the Commission used public education campaigns. The 

commission is not responsible for collection, but some municipalities and local service 

districts arranged with haulers to initiate a ticketing program to indicate bags that needed 

to be resorted, and refusal to pick up incorrectly sorted bags and black bags.  

 

Despite continued efforts to educate the public on the two-stream program the current 

system is still not user-friendly. It is neither intuitive nor does it necessarily make sense 

to the general public. Some residential customers focus the expense of time and money 

required to comply with two stream sorting requirements. Some concerns relate to the 

fact that the bags are relatively expensive and having to use two separate bags can 

increase costs. The bulky nature of recyclables inherently limits the capacity of blue bags 

and oftentimes there is not enough green waste to completely fill a bag.  Secondly, blue 

bag materials have to be rinsed and dried before being placed in the bag. This requires 

time, energy, and an increased usage of the valuable resource of water.  

 

Public Pressure for Expansion of Current Recycling Programs 

On September 17, 2014, it was announced that Moncton City Council had approached the 

Commission about expanding the recycling program to include ICI customers. Sackville, 

which also falls under the Commission’s jurisdiction, has also expressed interest in 

expanding their program. As the mayor of Sackville, Bob Berry, stated in a news report, 

“We should try to make it across the board and make sure everybody fits in the system 
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somehow” (CBC, Sept. 17, 2014). In the current system, mandatory recycling programs 

only apply to residential customers in designated jurisdictions.  

 

There would be increased costs to the municipalities for additional curbside pick-up and 

Gerard Belliveau, the executive director of the Commission, noted that oftentimes there is 

lack of political support when the increased costs of recycling are recognized. He said 

that there has to be a balance between satisfying the public pressure to increase recycling 

and trying to keep taxes low.  Mr. Belliveau indicated that he would look into the 

possibility of increasing the recycling programs at the facility. With capacity being a 

significant constraint, he indicated that there were several things that could be done, 

including changing machinery to increase speed, and he would suggest some pilot 

projects to the management of the facility. Looking at what is being done elsewhere 

could also provide insight as to what could be done to increase the amount that could be 

recycled through the facility.  

 

The facility has undergone human resource changes since the individual who had served 

as the general manager of the facility passed away in 2012, just as the change to the 

Regional Service Commission structure was being implemented. Since that time, the 

facility has been managed by an interim General Manager, then an Operational Manager, 

and most recently by the Director of Solid Waste. With an ongoing emphasis on training 

and empowerment, and with established relationships with consultants, the staff were 

well-positioned to be able to adapt to the changing environment. Management changed at 

times when some major projects were approaching completion, while others were well 
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underway. During this same time there was increased political pressure to find 

efficiencies and to increase capacity to allow for expansion of the recycling programs.  

 

Change in Strategy 

Management of SE Recycle is currently in the process of reviewing the strategic plan of 

the facility. Of the options currently available in New Brunswick, the most economical 

method of dealing with solid waste is to remove the most valuable recyclables and to 

bury all other materials in the landfill; and that is what is done in all other regions of the 

province, oftentimes by a third-party organization. Operation of the current two-stream 

system, where all dry residential waste goes through the MRF to be manually sorted, is 

very expensive. The cost to recover recyclable materials is estimated to be in excess of 

$500 per tonne diverted. 

 

The current processes divert approximately 30% away from the landfill. Some materials 

that are diverted away from the landfill have little to no value in the recycling market and 

the off-site end of life of some diverted materials represent a pure cost to the system. 

Some problems associated with simply burying everything include ever expanding piles 

of refuse for future generations to manage, and the increasing difficulty in siting new 

landfills. Even though it is expensive, public opinion is that it is worth the expense to 

reduce the future impact on the environment.  
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Going forward, the mission statement will not necessarily change, but the strategy to 

achieve the overall goals may be changed. Currently, commonly recognized industry 

standards set goals of achieving 50% diversion rate away from the landfill into recycling. 

The goal of the waste management facility is to maximize the diversion of materials away 

from the landfill and to minimize environmental impact (Southeast Regional Service 

Commission, 2014). ICI waste of many types is accepted, but at this time only residential 

customers are required to sort their waste for it to be processed at the recycling facility, 

although some businesses sort voluntarily.  

 

The strategic direction that is being discussed and examined is the possibility of changing 

to a three stream system, where the public is directed to have one bag of household waste 

in a ‘privacy bag’ that is clearly destined for the landfill and would not go through either 

of the processing facilities. Some household items would be recognized as waste with 

little or no value on the recycling market. This option of adding a third stream could 

serve to solve several problems and could make the system more effective and efficient.  

 

Moving to a three stream system would dramatically reduce the amount of time and effort 

that is required to sort through material, where the majority of it is ultimately destined for 

the landfill. Currently, there are seven people per shift on the sorting line that are 

designated to remove contaminated recyclable materials, so that they do not lower the 

quality of what is being sent to the recycling market. If a third stream was added for items 

that of no value in the recycling markets, the quality of the materials in both the wet and 

dry streams would be improved. In the composting plant, eliminating the presence of 
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non-organic material would make the final product suitable for sale to the public, thus 

creating a new revenue source for the facility. In the MRF, elimination of non-value 

added materials would increase the quality of the materials that do have value in the 

recycling markets. It would:  

 reduce the amount material that had to be removed due to soiling and contamination; 

 reduce the amount of defective materials being inadvertently baled and shipped; 

 increase the efficiency of the line, because workers’ time would be spent sorting 

valuable, rather than worthless materials; 

 increase worker morale and working conditions;  

 increase the quantity of recyclables recovered; and 

 increase capacity of the system, thereby allowing for ICI waste to be processed without 

expensive upgrades to the current plant.   

 

Compliance issues are one of the major concerns with changing to a three stream process. 

If given the option to use non-transparent black bags, some customers may just go back 

to putting everything into the black bags and not put the required effort towards sorting 

their recyclables.  If three stream collection can be implemented with proper promotion 

and education as required to get co-operation from the public, capacity at the recycling 

facility could be increased, costs associated with the sorting line could be reduced, and 

working conditions for the picking staff could be improved.  

 

A third stream clear bag system would allow the general public to help with the source 

separation process by putting items that would have value in the recycling process into 

blue bags and put actual garbage in the clear bags. This would dramatically decrease the 

cost of the recycling process since the majority of material currently destined for the 

sorting line has no value and passes through as reject. The marketing campaign to 
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educate the public about which materials should be placed in each bag of the two stream 

system, did not fully achieve the desired effect and many of the public are still uncertain 

about which materials are actually recycled. There are many items that are currently 

designated to be placed in the blue bag that will ultimately end up in the landfill after 

going through the sorting line. It also did not serve to educate the public about why it was 

important to remove contaminates like food waste from the recyclable materials. The vast 

majority of the general public will never see the recycling facility. They don’t necessarily 

understand the process and recognize where value is created in the recyclables. 

 

Development of a Provincial Strategy 

Management of the case study facility participated as part of a Provincial Solid Waste 

Strategy Committee. In May of 2015, the committee put out a request for proposals for 

the development of a Provincial Solid Waste Management Strategy. Management and 

staff of the case study facility played a key part in preparing the proposal and in 

facilitating the selection process and awarding the contract to an engineering consultant 

company. The winner of the contract is tasked with gathering information about the 

infrastructure currently in place at each facility within the province, the quantity of solid 

waste that is processed at each facility, the financial information associated with the 

processes, and industry best practices for measurement of waste. This information, in 

conjunction with information gathered through the public consultation process, will be 

used by the consulting firm to develop a new Provincial Solid Waste Management 

Strategy to help guide the future direction of solid waste management in New Brunswick.  
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The commissioning of this project followed soon after the delivery of the results of a 

study prepared for Recycle NB to develop a framework and implementation plan for a 

waste packaging and paper stewardship program across Atlantic Canada. That report 

recommended the adoption of a shared responsibility extended producer responsibility 

model. 

In a Shared Responsibility EPR Model, municipalities / regional 

authorities would continue to operate, manage, and be fully 

responsible for the curbside and depot programs just as they are now, 

and producers (stewards) would fund eligible net costs of collection 

and processing on an agreed upon formula (percent of net costs…). 

This model would ideally maintain local decision-making for recycling 

in each jurisdiction in Atlantic Canada (Giroux, 2014a, pg. 12).  

Considerable resources and efforts have been put towards developing the infrastructure 

and programs currently in place, as well as in developing relationships and contracts with 

existing collectors and processors. The proposed model would allow municipalities and 

regional authorities to continue to make decisions about program design, operations, and 

practices. In the transition away from autonomous control and decision-making towards a 

more standardized and harmonized system, adoption of the shared responsibility EPR 

model would allow time for new cooperative relationships to be built and existing 

programs to be expanded to meet new standards and to establish new performance 

measures (Giroux, 2014). 
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Opportunities to Implement Continuous Improvement Programs 

In this time of change, both at an organizational level and at a provincial level it is 

important to recognize that change will happen in stages over the next several years. 

Continuous improvement has a starting point, but no finish point. Until the new 

provincial strategy is developed, it is difficult to identify specific projects that the case 

study facility should undertake as Lean Six Sigma projects, as some key features of the 

future waste management system in the province are as of yet undecided. That being said, 

the study site is the flagship facility in the province and already having incurred 

significant sunk costs related to infrastructure and upgrades, it is reasonable to assume 

that the ultimate strategy will include the current site, and possibly recommend expansion 

or renovation of key facilities on the property. Therefore, a discussion on how Lean Six 

Sigma could be used to improve operations is still relevant and useful. Concepts and tools 

that are applicable for use at the case study facility could also be useful if applied to other 

facilities within the province.  

 

Lean Six Sigma Trained Personnel 

Management of public service organizations are expected to be highly educated and 

experienced individuals. In order to optimize the benefits that the Lean Six Sigma 

methodology can provide, organizations should plan to develop, or obtain, the services of 

a certified Black Belt or Master Black Belt. As Antony put it though, thinking that having 

access to that knowledge base was necessary to start on such programs is like 
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“…[G]etting the cart before the horse” (Antony, 2006). Organizations can benefit from 

starting to understand the concepts and tools that are involved with the methodologies 

and starting to look at their processes to see where variation can be reduced and waste 

can be eliminated.  

 

As the Performance Excellence Process was phased in though the various departments of 

the government of New Brunswick, facilitators were brought in and key personnel were 

trained and certified as Lean Six Sigma Black Belts. This pool of human resources has 

been steadily increasing as government employees have been encouraged to participate in 

the programs. The case-study organization already routinely uses outside consultants and 

specialists, so bringing in a Lean Six Sigma facilitator would follow the established 

business model. Management and key personnel are encouraged to continuously further 

their education and improve their skillsets, so providing the training required to develop 

Lean Six Sigma certified personnel and to implement continuous improvement programs 

throughout the organization follows their current business practices.     

 

To begin the process, it is important that there is upper management support and that a 

Champion is chosen to be the person to guide the organization through the process and to 

provide support and education to those involved in the improvement process. In order for 

projects to be successful and to be sustainable in the long term, all employees and 

stakeholders need to be involved in the process. Projects that are pushed down through 

the organization from the top will receive less support from those involved than projects 
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that are pulled from the knowledge and experience of those actually involved in the 

process. 

 

Successful implementation of the Lean Six Sigma methodology would involve everyone 

within the organization, as well as linking to both suppliers and customers. Top 

management support is crucial to ensure availability of resources and to allow for the 

development of infrastructure that would support continuous improvement programs. The 

team that would implement the program should be made up of approximately 5-6 people 

and should include people that are directly involved with the part of the process that is 

being improved. In the MRF, key individuals that should be included on the team would 

be the provincial facilitator, the environmental operations manager in charge of 

marketing the recyclables, a representative from the human resource supply company, a 

representative from the personnel that works on the sorting line, and representatives from 

key customers in the recycling markets.  

 

The case study facility outsources the human resource function of the value chain in the 

MRF. If the facility were to go to a three stream system, the workers on the sorting line 

would be heavily impacted by the changes. The working conditions would be improved 

by not having to sort through as much material that would be destined for the landfill, but 

the job requirements would change in terms of the speed that they would be required to 

work and the volume of material that they would be required to handle each day. Linking 

the Lean Six Sigma program to the company that supplies the human resources for the 

sorting line would benefit the workers by having them enjoy the positive improvements 
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that Lean Six Sigma can provide. They would benefit from increased training, 

participation in reward and recognition programs, and higher levels of job satisfaction.  

 

Benefits of Lean Six Sigma to Service Organizations 

Lean Six Sigma was developed and proven to be effective in the manufacturing sector. It 

has since then been proven to be effective in the service sector and has most recently 

been proven to be an effective tool for government with the implementation of the 

Performance Excellence Process. Many of the benefits are applicable to all types of 

organizations, whether they are profit or public service orientated. Lean Six Sigma is an 

integrated management methodology. Each part of the methodology has its own benefits. 

Some of the benefits of Lean are as follows (Lean Manufacturing Junction, 2014): 

 Improved quality. As quality issues arise, problem solving techniques 

are used to identify the root cause of the problem and error-proof the 

improved process. 

 Improved visual management. Defects will stand out and be easy to 

identify as a problem. 

 Process repeatability and increased efficiencies. 

 Standardized work. With increased efficiencies, the ability to do the job 

with fewer people becomes a real possibility. 

 Easier to manage (a result of standardized work). 

 Total company involvement. Lean is meant to involve the whole company; 

it helps promote the concept that everyone in the company, from the 

top down, has an important contribution to make. 

 Safer work environment. A safe work environment is supported by the use 

of visual management and 5S in an organized work environment. 

 Improved employee morale. Employee involvement and empowerment will 

make all members of the organization feel like they are contributing. 
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Antony lists the following benefits that service-orientated organizations would see by 

implementing six sigma programs (Antony, 2006):  

 Effective management decisions due to heavy reliance on data and facts instead of 

gut-feelings and hunches. Hence costs associated with fire-fighting and misdirected 

problem solving efforts with no structured or disciplined methodology could be 

significantly reduced.  

 Increased understanding of customer needs and expectations, especially the critical-

to-quality service performance characteristics which will have the greatest impact on 

customer satisfaction and loyalty. 

 Efficient and reliable internal operations, leading to greater market share and 

satisfied shareholders.  

 Improved knowledge across the organisation on various tools and techniques for 

problem solving, leading to greater job satisfaction for employees. 

 Reduced number of non-value added operations through systematic elimination, 

leading to faster delivery of service. 

 Reduced variability in service performance, leading to more predictable and 

consistent level of service. 

 Transformation of organisational culture from being reactive to proactive thinking or 

mindset. 

 Improved cross-functional teamwork across the entire organisation.  

 

Salah et al. (2010a) notes that organizations need to adopt a holistic management 

approach, where Lean and Six Sigma can reinforce each other. By integrating the two 

methodologies improvement potential can be increased. The following benefits are 

among the list that can be attributed to the integrated Lean Six Sigma methodology: 

 Better system-level performance, by improving quality and accuracy measures 

(Salah et al., 2010a). 

 Availability of a common set of problem solving tools (Chapman and Hyland, 1997). 

 Creation of a customer-focused, employee empowered and flexible organization 

(Martin, 2007). 

 A strategy that is driven by customer and business needs (George, 2002).  

 Faster improvements at lower costs (Bogart, 2007). 

 Measurable business results (Salah et al., 2010a). 

 A common vision and language (Salah et al., 2010a). 

 Saves on effort and repetition (Salah et al., 2010a). 
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 Reduction in lead times (George, 2002). 

 Reduction in quality and overhead costs (George, 2002). 

 Increase on-time deliveries (George, 2002).  

 

Lean Six Sigma Tools and Techniques 

Lean Six Sigma is an important tool that should be added to the manager’s toolkit. It can 

be part of a larger project management concept and can be used to manage internal and 

external relationships in the short- and long-term. It is a customer focused continuous 

improvement methodology that evolved through the integration of two separate 

methodologies, each with its own set of tools and techniques.  

 

The Lean portion of the methodology focuses on identifying and reducing waste in the 

areas of over-production, unnecessary waiting, transportation, unnecessary movement, 

over-processing, inventory, defects and skills. The Six Sigma portion of the methodology 

focuses on statistical process control to reduce variation and to eliminate defects. There 

are approximately 150 tools and techniques that make up the Lean Six Sigma toolkit. Not 

all of them are appropriate for use in every situation. The opportunity to select and apply 

certain tools and techniques to various stages of the DMAIC cycle and to benefit from the 

synergy created through the integration of the two methodologies is what makes Lean Six 

Sigma a powerful continuous improvement methodology.  

 

The tools and techniques that are used for planning and that are appropriate for use in the 

define stage of the DMAIC cycle include, but are not limited to, brainstorming, voice-of-

the-customer (VOC), waste walk, supplier-input-process-output-customer (SIPOC), 
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critical-to-quality (CTQ) tree, value-stream mapping, and project charter.  The following 

section describes four fundamental tools and techniques that are key in the design phase 

where the emphasis is on project selection and prioritization. They are well suited for 

management of the case study facility to use to begin the process of implementing the 

Lean Six Sigma based Performance Excellence Process. 

 

Voice-of-the-Customer  

As a customer orientated continuous improvement methodology, listening to and 

understanding the VOC is the basis for developing an infrastructure to support continuous 

improvement projects. The VOC is a description of what product problems the customer 

wants to be solved (Matzler and Hinterhuber, 1998). It has two types: qualitative, which 

includes what customers want, and quantitative, which is about how they prioritize their 

wants (Tan and Shen, 2000). 

 

The VOC can be used at all stages of the DMAIC cycle, but it is a key tool in the define 

stage when deciding on what customers want and need, and how to prioritize those needs. 

Gathering information about customer needs and opinions can be done through surveys, 

focus groups, interviews, comment cards, direct observation, etc.  

 

From a holistic viewpoint, the customer can be widely defined as all of society, but then 

segmented into customers in specific geographic areas, and whether they are residential, 

or ICI customers. The customer could also be defined as the provincial government that 
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wants the new Process Excellence Process to be implemented, the commercial waste 

collection companies that deliver directly to the facility, the private individuals that bring 

solid waste directly to the facility, or as the internal customers, whether they be 

management, staff, or contracted service providers. The wants and needs of all of these 

groups need to be addressed in order for the operation to most effectively fulfil its public 

service mandate.  

 

The information gathered through the VOC exercise, can be analyzed by organizing it 

according to the customer segment, required attributes, and technical characteristics. The 

supplier-input-process-output-customer (SIPOC) tool can be used to identify Critical-to-

Quality (CTQ) characteristics. CTQs represent the product or service characteristics as 

defined by the customer/user. They may include upper and lower specification limits or 

any other factors. A CTQ must be an actionable, quantitative business specification. 

 

VOC information should be gathered on an ongoing basis, but at this time the public has 

indicated a desire for an expanded recycling program in the jurisdiction of the case study 

facility. The tools of Lean Six Sigma would be very helpful at this time to make the 

improvements necessary for an expanded program. 

 

Waste Walk 

One of the first steps that an organization usually takes when implementing a Lean Six 

Sigma program is to conduct a waste walk. This is a Lean tool that is used to recognize 
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opportunities for improvement by identifying instances of what are known as the ‘seven 

deadly wastes’: transport, inventory, motion, waiting, over-production, over-processing, 

and defects. An eighth waste of skills is mentioned in some publications.  

 

Waste walks are usually conducted by several individuals, so that they can learn from 

each other. The province has trained facilitators in its newly formed Continuous 

Improvement Department and they have conducted these waste walks in several other 

departments in the last couple of years. As a first step, these facilitators should be brought 

in to start the process.  

 

A waste walk at the MRF would have to be very closely tied to the VOC exercise. It 

would be easy to look at the sorting process and quickly identify many areas where 

money and time could be saved by eliminating the recovery of materials that do not have 

value in the recycling markets. But, as the policy stands now, the main goal is to divert as 

much material as possible away from the landfill. So, anything that can be collected and 

sent away for processing is sorted, even if it has no value and even if there is a cost to the 

facility to dispose of it.  

 

One potential area of improvement for the processing line might be to maximize 

diversion. This area could be improved by refining the measurement of items recovered, 

in order to track improvements and make adjustments to the line. It is also important to 

recognize that over-processing is one of the seven deadly wastes. So, the question 

becomes, is it worth adding an extra step in the process to gather this information and 
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what value would the information add? Every material that is sorted has costs associated 

not only with the sorting, but also with baling, storage, and transport. The social 

responsibility factor needs to be considered in the decision making process about what 

will and what will not be diverted away from the landfill.   

 

Value Stream Mapping 

Value stream mapping is another lean tool that is used in the define phase of the DMAIC 

process.  It is used to eliminate unnecessary process steps and reduce lead times, by 

breaking down value streams into each individual step and activity from beginning to 

end. It is used to track and document processing times, wait times, and material handling. 

 

Going through a mapping exercise would be useful for the facility, whether they decide 

to go to a three stream system or not. By first developing a visual representation of a 

current state value stream map, valuable information would be gained about each step in 

the process. It would assist in the identification of value-added and non-value added steps 

in the process.  

 

The MRF is near capacity with the current two stream system. Before a three stream 

system were to be adopted, it would helpful to go through an exercise to map what would 

be the future state of the process. This would help with the identification of what would 

be the new bottleneck of the process, so that decisions could be made about staffing 

levels that would need to be adjusted and equipment that would need to be purchased in 
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order to allow for the required increase in capacity.  Information would also be needed 

about increased storage requirements and changes that would need to be made to 

shipping schedules. It would be important to work closely with customers of the recycled 

materials and communicate about constraints that they may have in handling the 

increased capacity. Linking Lean Six Sigma to everyone in the supply chain has been 

cited as one of the critical success factors in a program.  

 

Benchmarking 

The Lean tool of benchmarking against other successful organizations could provide 

tremendously valuable information about how the process could be improved and about 

what should and should not be recycled to provide the greatest benefit to society. 

Historically, each of the solid waste management facilities in New Brunswick have been 

operated independently and there has been very little sharing of information about 

processes or programs. With the new provincial strategy being developed, the first 

benchmarking exercise that should be undertaken would be against other facilities within 

the province. 

 

Since the MRF at the Moncton location is significantly more sophisticated than those 

operated at other New Brunswick facilities, it would be also be important to benchmark 

against recycling facilities in other provinces and other countries. Nova Scotia has been a 

leader in the waste management industry in the Maritime Provinces for the last 20 years. 

They have a large materials recovery facility in the Halifax area and are leading the way 
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in discussions about moving to an EPR model, where the cost of ultimately disposing of 

products is either built into the purchase price of a product, or added in the form of a tax 

at the cash register. Newfoundland is also very progressive in its approach to managing 

solid waste with a recent investment in a new state-of-the-art MRF. 

 

A study was recently commissioned to compile information about the state of solid waste 

management in Canada. With solid waste management being a global issue, attention 

should also be given to processes and technologies that are being used outside of Canada 

as well.  Waste to energy is a model that is being used in some countries, such as China, 

Sweden, Indonesia, and the US. It is being used in some parts of Canada, but is not 

currently being used in New Brunswick. As the new solid waste management strategy is 

being developed, its merits should be investigated. Best practice information and 

promising advancements in technology should be evaluated and considered.  

 

Project Selection Criteria 

Selecting the right improvement projects is critical for the acceptance and long term 

success in the adoption of Lean Six Sigma programs. Not every situation is appropriately 

addressed as a Lean Six Sigma project. Certain basic criteria must be met when assessing 

suitability. Lustig (2012) lists the following six criteria, which were originally noted by 

Sharma and Chetiya (2010). Though originally meant to be applied against Six Sigma 

projects, Lustig asserts that they are also useful criteria for determining the suitability of 

proposed Lean Six Sigma projects.   
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1. The problem should originate from a process. 

2. The process should be both transparent and complex. 

3. No solution should be known beforehand. 

4. Possibility to measure project success based on at least one quantitative goal. 

5. The project should generate a positive return on investment. 

6. Adequate data needs to be available to analyse the problem. 

 

Several publications refer to Pande et al. (2001) when listing criteria for project selection 

and prioritization. They list the following generic categories: 

1. Business benefits criteria: 

 Impact on meeting external customer requirements; 

 Financial impact; and 

 Impact on core competencies. 

2. Feasibility criteria: 

 Resources required; 

 Complexity; and  

 Expertise available. 

3. Organizational impact criteria: 

 Cross-functional benefits; and  

 Learning benefits, i.e. new knowledge gained about the business, customers and 

processes. 

 

  

Project Portfolio Management 

The selection of Lean Six Sigma projects can be part of a framework where portfolio 

management is used in the context of general project management. As noted by Cooper 

(2008), the benefits of portfolio management are the maximization of value, alignment to 

company strategy, and portfolio balance.  To maximize the value of the portfolio, the 

number of projects are intentionally limited so that required resources can be committed 

to the most important projects and the remaining projects can be prioritized according to 



 

96 

 

their potential benefit and value.  Ensuring that investment in project categories is 

reflective of their importance will help to ensure that there is an alignment to strategy. 

Balance is achieved by ensuring that focus, risk, and short-term and long-term benefits 

are distributed between project categories (Lustig, 2012). Projects can be categorized 

according to what part of the process is involved, or as Larson and Gray (2010) prefer, 

according to compliance, strategic and operational projects.   

 

Balanced Scorecard 

Lustig (2012) notes that Jankulik et al. (2005) proposed applying the balanced scorecard 

to project portfolio management. The Performance Excellence Process is based on Lean 

Six Sigma, but it also uses the balanced scorecard to assist with project selection.  

 

Advantages and Disadvantages of Balanced Scorecard 

Lustig (2012) notes that there are both advantages and disadvantages with using the 

balanced scorecard approach. He draws from Ray and Das (2010) to note that the 

advantages include: 

 Holistic choice of projects based on several different dimensions assessing financial 

and non-financial metrics. 

 Method scans continuously for weaknesses not a one-time search for opportunities. 

 Direct connection of project ideas to the company’s strategic goals.  

Limitations with using the balanced scorecard approach include: 

 Method does not necessarily create project ideas but is an indicator as to where to 

look for projects. 

 Balanced scorecard has to be in place in order to use the method. 

 The balanced scorecard has no direct connection to the process and its structure.  
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General Key Performance Indicators for Balanced Scorecard 

Choosing appropriate metrics to be tracked is one of the critical steps in the define phase 

(Ray and Das, 2010). Metrics should be simple and meaningful. They can be developed 

through brainstorming to create a common language that would be understandable by all 

team members and appropriate for use in the various parts of the process.  

 

Table 11 identifies key performance indicators for a balanced scorecard that can be 

developed to assist in Lean Six Sigma project selection.  

Table 11 Dimensions and Key Performance Indicators for Balanced Scorecard 

Effectiveness Measures Efficiency Measures 

Financial Internal processes 

Turnover Defects 

Cost of poor quality Yield 

Inventory turn ratio Cycle time 

Transportation cost per unit Process capability 

  

Customer Organizational Learning 

Customer satisfaction Number of Lean Six Sigma projects 

On time delivery Projects completed on time 

Final product quality Cultural change 

Response time to customer Number of employees trained 

  

 Partners/Internal Resources 

 Relations to partners 

 Relations to suppliers 

 Man power available for projects 

  

 Society 

 Environmental compatibility 

 Relations to society 

Source: Lustig, 2012 
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The dimensions are used in a logical chain by first identifying gaps between strategic 

goals and the outputs of the financial and customer dimensions. Then the effects that 

these gaps have on inputs from internal processes, which in turn affect demands from the 

other inputs from partners/internal resources, organizational learning, and society.  

 

A CTS-flowdown is then used to break down the gaps that were identified, starting with 

the top level of critical-to-satisfaction, which is divided into critical-to-quality, critical-to-

delivery, and critical-to-cost.  The key performance indicators are used to break the 

process down to a point where a small part of the system can be identified that if 

improved would affect the top level of critical-to-satisfaction.  

 

Developing Key Performance Indicators for Solid Waste Management Industry 

A report was recently submitted to Recycle NB presenting a framework and 

implementation plan for a waste packaging and paper stewardship program across 

Atlantic Canada. It was noted that one of the challenges in developing a harmonized and 

standardized recycling program was the lack of universally accepted key performance 

indicators for the solid waste management industry. Table 12 presents considerations for 

the development of good indicators for program monitoring. 
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Table 12 Considerations in Selecting KPIs 

What Makes a Good Indicator?  Useful for operations, stewardship 
and public reporting 

 Helps improve performance 

 Communicates performance credibly 

 Data can be collected reliably 

 Data have been collected consistently 
over time to enable year-over-year 
comparisons 

 

Quality Performance Information:  Links policies, targets and 
performance 

 Identifies key performance indicators 

 Presents performance data in: trends 
over 3+ years, and absolute (i.e. total) 
and/or normalized (i.e. expressed in 
terms of the amount per key 
production variable, such as amount 
per unit collected, or amount per 
10,000 population) terms 

 Sets and communicates performance 
targets 

 Uses benchmarks for comparisons 

Source: Giroux, 2014a 

 

Table 13 presents what the report recommends as six core categories that should be 

monitored and key performance indicators within each category. It also provides 

examples that have been drawn from other Canadian programs. It is important that targets 

be set for each indicator to drive performance.  
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Table 13 Recommended Key Performance Indicators 

Category Indicator Example of Target 

Awareness % of Population aware of 
the program 

95% of population aware 
of program 

Participation/Accessibility 1) Participation rate 
2) Average travel 

distance to a depot 

95% Participation rate 
Less than 5 km travel to a 
depot 

Collection 1) Absolute collection 
amount 

2) Collection rate 
3) Absolute collection 

per capita 

1) Tonnage amount to 
be collected 

2) Collection rate 65% 
year 1-3,75% by end 
of year 5 

3) To be determined  

Recovery and Recycling Post collection fate of 
material 

1) Target amount for 
recycling (80%) 

2) Target amount for 
residuals 
management (20%) 

Operational Efficiency 1) Distribution of 
expenses 

2) Cost per amount of 
collected material 

To be determined by 
Program Plan 

Management Performance Progress against business 
plan goals and/or targets 

To be determined by 
Program Plan  

Source: Giroux, 2014a 

 

The report acknowledges that although the recommendations have been focused on a plan 

for the whole Atlantic Canada region, they could also be applied on a provincial basis. 

New Brunswick is currently in the process of developing a waste management strategy 

for the province and should take these recommended key performance indicators into 

consideration as they develop a comprehensive system for all twelve service 

commissions in the province.  
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In developing a strategy for the case study facility, management should follow 

recommendations that are put forward for the waste packaging and paper stewardship 

programs across the Atlantic Provinces, but they should also develop key performance 

indicators that are specific to the operations of the facility. 

  

Lean Six Sigma Success Factors 

Lustig (2012) provided the following list of factors that are critical to the success of Lean 

Six Sigma programs:  

 management engagement and commitment  

 reward and recognition system  

 organizational belief and culture 

 communication and assessment of results 

 project prioritization, selection, reviews and tracking 

 effective Lean Six Sigma training program 

 project success stories and best practices sharing 

 company financial capability 

 established Lean Six Sigma dashboard 

 competency of Master Black Belt and Black Belt 

 financial results measures 

 linking Lean Six Sigma to business strategy 

 monitoring and evaluation of performance measurements 

 promotional path for Green Belts and Black Belts 

 sufficient time to solve problems 

 Lean Six Sigma organizational structure 

 linking Lean Six Sigma to suppliers 

 organizational infrastructure 

 shared understanding of core business processes 

 linking Lean Six Sigma to customers 

 understanding of Lean Six Sigma methodology, tools and techniques 
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Even though the benefits of Lean Six Sigma are widely recognized, implementation can 

be difficult and expensive. It was noted during the interview process that it can be 

cumbersome and time consuming because of the amount of data tracking that is required 

to gather information. In the literature there were several examples cited of failed 

attempts to implement Lean Six Sigma programs. Communication, cooperation, and 

commitment are required to make the solid waste management programs efficient and 

effective, so that they provide the maximum benefit to society. 

 

Conclusion 

This chapter covered a breadth of material, the understanding of which is prerequisite to 

advancing implementation of Lean Six Sigma programs in the public sector of solid 

waste management. Topics of discussion included decision-making in the public sector, 

the resource-based view of the organization and quality in the context of solid waste 

management, including service quality, product quality and assessing quality in light of 

the ‘Triple Bottom Line’. The chapter went on to describe improvement projects that 

have been undertaken that demonstrate the organizational, public and political desire for 

change. Then the first steps toward a developing a ‘roadmap’ for implementation were 

laid out, including a discussion of benefits, personnel, fundamental tools and techniques, 

project selection criteria, and identification of key performance indicators. The chapter 

concluded with factors relating to the successful implementation of Lean Six Sigma, so 

that both the challenges and opportunities could be recognized and understood. 

 



 

103 

 

Chapter Six – Conclusion 

Discussion 

The overall research question for this thesis focuses on how continuous improvement 

methodologies could be used in the public service of solid waste management. It is 

exploratory in nature and uses information gathered by looking at the operations of the 

case study facility from a holistic viewpoint. The facility processes approximately one 

third of the solid waste in the province and is considered to be the flagship facility 

operating a full complement of recycling and disposal services including a material 

recovery facility, organics composting plant, engineered landfill, a household hazardous 

waste collection depot, and collection location for provincially operated stewardship 

controlled products.   

 

Since 2012, there have been changes in management at the facility level, changes in the 

organizational structure at the regional level with the restructuring of the twelve Service 

Commissions, and changes at the provincial level with the New Brunswick government’s 

adoption of the Performance Excellence Process. There are more changes on the horizon 

with two new studies recently being released and a third recently being commissioned. 

One 2014 report was on the state of solid waste management in Canada. It was designed 

to gather information about programs and infrastructure that are in place across the 

country. Another was designed to develop a framework and implementation plan for a 

waste packaging and paper stewardship program across Atlantic Canada. It recommends 

a shared responsibility extended producer responsibility model to be adopted for the 
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Atlantic Provinces. The third study was commissioned in 2015 to develop a solid waste 

management strategy for the province of New Brunswick.  

 

The case-study facility is an organization that operates under the Department of 

Environment and Local Government, which in turn operates under the umbrella of the 

New Brunswick provincial government. As such, some decision making is done at an 

operational level, while other decisions have to go through different levels of 

bureaucracy, as they are part of a larger strategic plan. The Performance Excellence 

Process, based on Lean Six Sigma, has been phased through departments of the 

provincial government. As the new Provincial Solid Waste Management strategy is 

developed, it would be advisable for it to be formally adopted at this time and for its 

tenants to be incorporated into the plan.  

 

Society expects those managing public services to utilize the most current generations of 

management systems and to operate with the goal of maximizing efficiency and 

effectiveness. The Lean Six Sigma methodology would fit well into the current project 

management system being utilized by the case study facility. Continuous improvement 

methodologies have starting points, but no finish point. With the recent reorganization of 

the Regional Service Commissions, management has recognized the need for change and 

even though a formalized improvement program has not been started as of yet, the spirit 

of the methodologies is being followed and the culture of the organization is already 

aligned with a philosophy of striving to improve.  
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It is of the utmost importance that any Lean Six Sigma programs even considered for 

adoption be developed in alignment with programs that are coming at a provincial level. 

The Lean Six Sigma methodology should involve all stakeholders up and down the 

supply chain. Some programs and improvement projects are best developed internally, 

while others must be designed to share information and resources regionally, 

provincially, and nationally.  

 

Lean Six Sigma programs that do align well with hierarchical objectives would be 

supported by the resource view that the organization currently operates under. At a 

business unit level, the facility currently outsources staffing as evidenced by the 

contractual nature of ongoing relationships with consultants and contractors who are 

experts in their specific field of work. The current management’s willingness to adapt to 

a changing business environment and to develop a culture of transparency and sharing of 

information and resources would be key to optimizing provincial initiatives.  

  

Lean Six Sigma could be used to improve both service and product components of solid 

waste management. On the service side, reliability is a key dimension of quality from the 

perspective of the residential customer. The general public is also concerned from a 

social responsibility standpoint that solid waste is managed efficiently and that the 

environment is protected, without the cost to them being increased. From the facility 

management perspective there is pressure to increase recycling programs, both from a 

provincial standpoint and from a regional standpoint. The key service concern at this time 

is how to meet the increased demands on capacity that would result from including 
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industrial, commercial, and institutional waste in mandatory sorting programs. The 

facility is currently operating near capacity and in order to process increased volumes, 

changes would need to be made to increase efficiencies. From the product quality 

perspective, management is concerned with recovering as much recyclable material as 

possible and diverting it away from the landfill and into the recycling markets, where 

cleanliness and consistency can affect the value of the material.  

 

Many of the improvement projects undertaken since 2012, when the change in 

management occurred, have been in the spirit of Lean Six Sigma. Voice-of-the-customer 

type exercises have been used to gather information and a consulting company has been 

commissioned to develop a Solid Waste Management Strategy for the province. Lean Six 

Sigma can be part of a larger project management concept. As recommendations come 

for the development of a provincial strategy, there will undoubtedly be improvement 

projects required that are of an innovative nature, such as the possible change to a three 

stream system and the adoption of a shared responsibility extended producer 

responsibility program. Implementation of the Performance Excellence Process at this 

time would be beneficial to optimize the efficiencies of the new programs, as well as to 

continue to manage ongoing projects and existing systems.  

 

To start the process, management of the facility should work closely with the Office of 

Strategic Management to enlist the expertise of facilitators that are trained in Lean Six 

Sigma and that have experience with implementing the Performance Excellence Process 

in other government departments. The methodology is based on having project 
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management experts that are certified as Green Belt, Black Belt, or Master Black Belt. 

Utilization of experts and ongoing employee training programs are part of the current 

management system and philosophy. That focus should be expanded to include either 

hiring or training certified Lean Six Sigma experts. They should also build a team that 

would be responsible for implementing improvement programs and have them trained in 

the Lean Six Sigma methodology. Developing an organizational culture of excellence and 

involving everyone in the change process is key for ensuring program success.  

 

In order to identify potential continuous improvement projects, Lean Six Sigma tools 

should be used that are recommended for the design phase of the define-measure-

analyze-improve-control cycle. These include ongoing voice-of-the-customer exercises, 

conducting waste walks, and developing a value stream map to provide a visual 

representation of both the current and future state of the system. Brainstorming and 

benchmarking exercises should also be conducted to develop a list of potential 

continuous improvement projects.  

 

Not every project is appropriate for implementation as a Lean Six Sigma project and 

there are criteria against which each idea should be assessed. These criteria assist in 

project selection and prioritization and include a list of basic requirements as well as the 

categories of business benefits, feasibility and organizational impact benefits. The 

Performance Excellence Process uses balanced scorecard to assist in project selection.  
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As a public service organization, decisions on the selection of continuous improvement 

initiatives need to take more than just economic factors into consideration. Incorporating 

the triple bottom line social responsibility model would ensure that social and 

environmental factors are also considered. This model is especially suited for use in solid 

waste management, where society is ultimately paying for the decisions that are made, 

both with their tax dollars and by living with the long-term impacts of decisions that are 

made on their behalf. The balanced scorecard should be adopted, because is it the model 

being used in the Performance Excellence Process. But, it should be adapted to integrate 

the triple bottom line social responsibility model, where social and environmental factors 

are taken into consideration alongside economic indicators. 

 

 The developing strategic solid waste management plan for New Brunswick should 

consider the key performance indicators that are suggested for use with the balanced 

scorecard, the recommended key performance indicators put forth by the recent study on 

waste packaging and paper stewardship programs, and indicators that are used throughout 

the industry to track data on compliance, diversion rates, emission rates, energy capture 

and utilization rates, etc.  

 

Management of the case study facility should support and align with the provincial 

initiatives, by adopting key performance indicators that are selected upon completion of 

the anticipated waste management strategy study. They should continue to be leaders in 

the industry, by developing internal key performance indicators to address issues that are 
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unique to a facility and to guide the decision-making process for project selection and 

prioritization.  

 

The key contributions of this study are both practical and theoretical. Solid waste 

management is an issue that affects everyone, yet very few understand the process or are 

aware of the issues and concerns related to it. Through a comprehensive overview, this 

study demystifies the process and broaches the subject in a way that the average reader 

can understand and relate to. Secondly, it lays the groundwork and provides a ‘roadmap’ 

for implementation.  Most importantly, this study provides foundational work by using 

several theoretical models and applying or adapting them to the specific case of solid 

waste management.  

 

Limitations 

The case study facility is operating in a rapidly changing environment. Until decisions are 

made as to the provincial solid waste management strategy, it is difficult to identify 

specific projects that should be undertaken as Lean Six Sigma projects. With the 

significant infrastructure currently in place at the facility, it is reasonable to assume that 

most of the operation will continue on in its current function. The identified need for 

increased capacity in the material recovery facility will require significant changes, 

including upgrades to the equipment and technology that is being used in the plant. 

Decisions have to be made about the provincial strategy and decisions have to be made 
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about investment in infrastructure and technology, before formal Lean Six Sigma 

continuous improvement type projects can be initiated.  

 

Directions for Future Research 

 

This thesis took a holistic approach to the question/topic of how continuous improvement 

methodologies could be implemented in the public service of solid waste management in 

New Brunswick. The scope of this thesis was limited to the define phase of the define-

measure-analyze-improve-control process as it focused on the environment in which the 

case study facility operates, what quality means in the context of solid waste 

management, and how appropriate Lean Six Sigma projects would be selected and 

prioritized. Once the new provincial Solid Waste Management strategy is adopted, this 

topic could be revisited in the define stage to identify specific projects that would be 

appropriate as Lean Six Sigma projects. Each of the potential projects that were identified 

and prioritized could then be investigated further, by being studied through the 

implementation process and through all stages of the cycle.   

 

New Brunswick’s solid waste management industry was recently reorganized to operate 

as twelve service commissions with the goal of operating cooperatively to maximize 

benefit to society. Each facility is managed individually and they all operate differently. 

Some facilities operate only as landfills and use third party organizations to manage their 

recycling programs.  Others operate as depots or transfer stations, where waste is 

gathered and then transported to other landfill or recycling facilities. This study focused 
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on the flagship facility of the province, so the study could be extended to examine how 

the other facilities operate and how they could all benefit from adopting the Performance 

Excellence Process.   

 

The problem of how to manage solid waste is a global issue, so further research into this 

topic has the potential to provide benefit to society on a national and international scale. 

Potential exists for future researchers to expand upon the study and adapt it to societies 

that face unique cultural, geographic and economic factors.  
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Appendix I - Fundamental Differences between TQM and Six Sigma  

 

Criteria TQM Six Sigma 

Deployment process to drive fundamental 
change 

Not strong Strong 

Integration of tools and techniques within the 
problem-solving framework 

Missing Very much 
emphasized 

Role of leadership and infrastructure to 
enable the successful deployment of tools 
and techniques 

Weak Strong 

Alignment of projects with strategic business 
objectives of the organization  

Missing Strongly accentuated 

Measurement of results in hard-dollar savings 
(financial results) 

Missing Probably one of the 
strong features 

Management style Bottom-up Emphasis is on top-
down leadership 

Cultural change Gradual and 
slow 

Fast change in many 
cases 

Rewards and recognition Less 
emphasized 

More emphasized 

Source: Adapted from Antony (2006) 

 

  



 

 

Appendix II – Comparison of Six Sigma and TQM  

 

 

Dimension Six Sigma TQM 

Theory Similar to TQM in terms of 
theory and handling 
methods (Hwang, 2006). 

Both draw from behavioral and 
quantitative sciences (Friday-Strout and 
Sutterfield, 2007). 

Focus (on 
customer and 
process) 

Six Sigma has a stronger 
emphasis on customer 
satisfaction through 
mainly focusing on critical 
to quality (Klefsjo et al., 
2001 and Schroeder et al., 
2008).  

TQM and Six Sigma share same values 
such as process focus, customer focus, 
CI and use of facts and data (Tannock et 
al., 2007). Customers are in the focal 
point of TQM (Voros, 2006). Both focus 
on product quality and quality 
assessment (Cheng, 2008). 

Management 
support 

It has better success 
obtaining support 
(Montgomery, 2001).  

TQM puts less stress on the support by 
management and financial department 
(Hwang, 2006). Both depend on it.  

Basis It includes 2 dimensions 
of philosophy (or 
management) and 
methodology (or analysis) 
(Hwang, 2006). 

TQM can be described as a philosophy 
and is considered as a management 
process that applies management 
principles (Jitpaiboon and Rao, 2007).  

Aim It is an improvement 
methodology (Hoerl, 
2004). Six Sigma and TQM 
focus on CI (Antony, 2006) 
and share similar 
principles and aims.  

TQM aims at improving all processes 
within an organization and it treats the 
organization as a total system (Shah 
and Ward, 2007). It is a holistic quality 
management system (Jitpaiboon and 
Rao, 2007) or management process 
with the goal of generating a quality-
based culture (Aly et al., 1990).  

Link to 
Deming 

DMAIC is closely linked to 
PDCA cycle (Haikonen et 
al., 2004; Linderman et 
al., 2005) and it improves 
upon the PDCA cycle 
(Tannock et al., 2007).  

TQM is based on teachings of Deming 
(Snee, 2004) in which the main tenets 
of Six Sigma are embedded (Mayeleff 
and Kaminsky, 2002; Black and Revere, 
2006).  

Change Six Sigma is focused on 
Belts leading the projects 
with the involvement of 
the team members.  

TQM and Six Sigma use training and 
organization-wide support as levers of 
change (Buch and Tolentino, 2006). 



 

 

Approach to 
design 

Its design process is more 
prescriptive (Schroeder et 
al., 2008) as it uses the 
DMADV or DFSS which 
provide stronger focus on 
product design (Upton 
and Cox, 2004). 

TQM and Six Sigma stress the 
importance of using QFD and cross 
functional design and design for 
manufacturability (Schroeder et al., 
2008). 

Complexity It is criticized for the 
difficulty to stick with the 
rigor of the approach 
(Linderman et al., 2005).  

Top managers often find it difficult to 
understand TQM and it does not work 
well for processes that required major 
changes (Klefsjo et al., 2001). It is very 
difficult to manage or evaluate as it 
evolved to become so all-encompassing 
and intangible (Jitpaiboon and Rao, 
2007).  

 

 

 

 

Dimension Six Sigma TQM 

Strategic link Six Sigma provides better 
alignment with 
organizational strategic 
business objectives 
(Antony, 2006). 

A CEO considers TQM as quality slogan 
carried with translated goals to 
implementable initiatives (George, 
2002).  

Mutual 
relationship 

Six Sigma is an expansion 
of TQM (Terziovski, 2006; 
Proudlove et al., 2008) 
with components traced 
back to TQM (Aly, 1990; 
Arnheiter and Mayeleff, 
2005) and can be viewed 
as a methodology within 
TQM and not as an 
alternative (Klefsjo et al., 
2001). 

Six Sigma is an extension of TQM 
(Klefsjo et al., 2001; Proudlove et al., 
2008). Existing TQM activities can help 
in the implementation of a Six Sigma 
system (Cheng, 2008). TQM has 
become an umbrella for Six Sigma and 
other tools (Harnesk and Abrahamsson, 
2007). 

Financial 
savings 

It tracks cost savings on a 
project by project level 
(Schroeder et al., 2008). It 
has more financial focused 
(Kwak and Anbari, 2004).  

It has an organization-wide calculation 
for COQ (organizational level tracking) 
(Schroeder et al., 2008). 

Project 
selection 

Project selection rights 
reside with management 
to ensure financial and 

There is no clear way of prioritizing 
projects that are carried out 
irrespective of cost to operation 



 

 

strategic implications are 
considered (Schroeder et 
al., 2008). 

(Banuelas and Antony, 2002; Bhuiyan 
and Baghel, 2005). The link between 
economy and project selection was 
missed in most TQM implementations 
(George, 2002). Projects can be 
selected by bottom-up approach which 
is often based on convenience 
(Schroeder et al., 2008).  

Training focus It is structured training 
focused on Belts or levels 
(Basu, 2004) that create 
an infrastructure for 
implementation 
(Terziovski, 2006) without 
focus on wide team 
participation (Schroeder 
et al., 2008).  

It is a comprehensive approach that 
involves everyone (Ricondo and Viles, 
2005; Anderson et al., 2006) using 
improvement teams that are 
sometimes in the form of a quality 
department (Schroeder et al., 2008).  

Functional 
team 

It uses an intra-
organizational cross 
functional team for CI 
(Cheng, 2008).  

It uses an inter-organizational team for 
CI (Cheng, 2008). 

Criticized for  It is criticized for not 
focusing on all people and 
culture (Linderman et al., 
2005). However, it is less 
difficult to re-engineer, 
restructure and evaluate 
breakup of an 
organization using Six 
Sigma as the team is more 
independent of the 
processes under 
consideration (Hwang, 
2006).  

Terziovski (2006) indicated that Snee 
claims TQM does not integrate human 
elements of improvement like team 
work as good as in Six Sigma.  

Incentives It has less challenge to 
have incentives to pursue 
improvement (Terziovski, 
2006).  

There is less incentives and career 
development focus in TQM (Upton and 
Cox, 2004). 

Motivation Its motivation is inspired 
by tangible benefits 
(Motwani et al., 2004).  

It is driven by idealism of quality 
(Motwani et al., 2004). 



 

 

Training 
intensity 

There is more intensity in 
the training of full-time 
improvement individuals 
(Schroeder et al., 2008).  

TQM uses shorter length for training 
(i.e., 1 week) but targets all people in 
the plant (Schroeder et al., 2008). 

Structure  It is a project focused 
approach using DMAIC, 
reinforcing Juran tenets 
(Basu, 2004) and a well-
structured DMAIC road 
map for deployment 
(Terziovski, 2006). A key 
strength in it is that it 
builds a QI structure in 
parallel to existing 
management structure 
(Linderman et al., 2005). 
 

TQM is not sequential and it does not 
have a specific route used by all 
organizations no matter what their 
cultural circumstances look like 
(Leonard and McAdam, 2004). TQM is 
criticised for lack of clear definition or 
strategy and structured communication 
(Ricondo and Viles, 2005). 

Progress 
monitoring  

It is mix of long and short 
term focus with better 
monitoring of progress 
toward goals (Motwani et 
al., 2004).  

It promotes open-ended and open-
financed continuous QI (Klefsjo et al., 
2001). It has a long term focus with 
loose monitoring of progress toward 
goals (Motwani et al., 2004).  

Tools It is not new in terms of 
the tools and techniques 
but it has a new 
deployment approach to 
process improvement 
(Banuelas and Antony, 
2002). It has additional 
data analysis tools (Kwak 
and Anbari, 2004) with 
more statistical emphasis 
(Basu, 2004).  It is 
criticized for focusing on 
tools more than problems 
(Linderman et al., 2005).  

TQM and Six Sigma attempt to find root 
causes but TQM is not as specific or 
focused (Klefsjo et al., 2001). It has 
mainly seven quality and seven 
management basic tools (Arnheiter and 
Mayeleff, 2005).  

Performance 
target 

Six Sigma performance 
target applies to a single 
critical quality 
characteristic (Banuelas 
and Antony, 2002). Sigma 
level can be used to assess 
quality level attained and 
can be used in 

It has a more comprehensive 
performance target which applies to 
the total product (Banuelas and 
Antony, 2002). TQM does not have a 
specific way to quantify quality level 
attained by an organization (Klefsjo et 
al. 2001).  



 

 

benchmarking (Klefsjo et 
al., 2001).  

Suppliers  Six Sigma targets supplier 
only if they are critical to 
quality at process under 
investigation (Schroeder 
et al., 2008).  

A vital element of TQM is targeting 
supplier management (Schroeder et al., 
2008).  

Results  Six Sigma has a better 
record than TQM since its 
inception in the mid 
1980’s (Antony, 2004), a 
better record of 
effectiveness (Cheng, 
2008) and is better 
focused (Montgomery, 
2001). 

Some researchers found a significant 
impact of TQM practices on operational 
performance and others did not (Shah 
and Ward, 2003).  

 

Source: Adapted from Salah, 2009  



 

 

Appendix III – Similarities between Six Sigma and Lean 

 Six Sigma Lean Notes 
D

ev
el

o
p

m
en

t 
-Motorola, mid 1980’s 
by B. Smith (Devane, 
2004) with the 
participation of W. 
Smith (Kumar et al., 
2007) and Harry 
(Harry and Schroeder, 
2000) 
-later developed by GE 
-evolved from a 
quality to a business 
program (Ricondo and 
Viles, 2005) 

-Toyota in the 1970’s by 
Ohno based on the 
teachings of Ford, Japanese 
Experts and others (Holweg, 
2007) 
-IMVP researchers called it 
Lean, late 1980’s (Devane, 
2004) 
-evolved to Lean enterprise 
from Lean production 
(Ricondo and Viles, 2005) 

-both share same origin 
(quality evolution, 
Japan, after World War 
II (Anderson et al., 2006) 
-both have roots traced 
back to TQM (Upton and 
Cox, 2004) 
-the evolution of LSS 
started in the 2000’s 
(Byrne et al., 2007) 

P
ri

n
ci

p
le

s 

-VOC, financial impact 
and defect elimination 
(Yang, 2004) 

-provide customers with 
required value, quality, and 
quantity on time 
-Womack and Jones: 
identify value from the 
customer view, map current 
activities, make the value 
flow, pull from the supplier 
and perfect continuously 
(Bhuiya and Baghel, 2005; 
Hines et al., 2004) 

-both principles are 
embedded in TQM 
(Sheehy et al., 2002) and 
could be seen as 
concepts supporting 
TQM aims 
-TQM can be thought of 
as an umbrella 
encompassing business 
activities with LSS as the 
pillar for the structure 
-the five principles of 
Lean resemble very 
much the QI process 
developed by Motorola, 
called the six steps to Six 
Sigma (Dahlgaard and 
Dahlgaard-Park, 2006) 
-Devane (2004) listed 
seven key SS concepts: 
VOC, Six Sigma Metric, 
waste elimination and 
variation, process focus, 
VSM focus and DMAIC 



 

 

Le
ad

er
sh

ip
 

-uses a top-down 
approach 

-top-down focusing on 
trusting people skills and 
empowering 

-both emphasize 
support of top 
management (Yang, 
2004) 
 
 

Fe
at

u
re

s 

-uses a project 
management 
approach with an 
improvement Plan 
from the Improve 
Phase 

-a project management 
approach with an 
implementation plan put by 
team during future VSM 

-both have a project 
management approach 
(Anderson et al., 2006) 
based on teams led by 
change leaders; both 
involve brainstorming, 
planning and executing 

St
af

f 
R

o
le

s 
 

-Black Belt, process 
owner and Master 
Black Belt 

-Kaizen leader, value stream 
owner and Sensei 

 

 

Source: Adapted from Salah, 2009 

 

  



 

 

Appendix IV – Differences between Six Sigma and Lean 

 Six Sigma  Lean  Notes 
D

ef
in

it
io

n
 

-a collection of process 
improvement tools used 
systematically in a series 
of projects to achieve high 
levels of stability (Experts 
Archive Questions, 2007) 

Liker perceived it as a 
philosophy aimed at 
reducing the time 
from order to delivery 
by eliminating waste 
(Devane, 2004) 
-a culture of 
improvement (Huang 
and Liu, 2005) 

-George defines Lean Six 
Sigma (LSS) as a 
methodology that helps 
companies achieve 
better cost, quality, 
speed, customer 
satisfaction and higher 
rates of improvement 
(George, 2002) 

C
o

m
p

le
xi

ty
 

 

-more scientific, data-
based and structured 
approach to process 
control, quality building 
(Yang, 2004) and problem 
solving 

-much simpler 
methodology that is 
easier to understand 
and implement 

-it is claimed that Lean is 
art whereas Six Sigma is 
science; however, there 
is an art and science 
element in both 
-both use software 
packages that make 
them easier to 
implement 

V
ie

w
 

-includes two dimensions 
of philosophy (or 
management) and 
methodology (or analysis) 
(Hwang, 2006) 

-a well-established 
management concept 
(Kollberg et al., 2007) 
-described as 
philosophy 
-socio-technical 
system (Shah and 
Ward, 2007) 
-world class operating 
principles (Hoerl, 
2004) 
-direction rather than 
a state to reach to 
(Devane, 2004) 

 

O
p

er
at

io
n

 

-led by the Belt with 
limited involvement of 
others 

-more emphasis on 
heavier involvement 
of all people 

-it is argued Lean is more 
suitable for blue collar 
and Six Sigma is for white 
collar  
-an integrated approach 
should target all people 
and concerns 



 

 

Te
am

s 

-uses individual teams 
(Goh and Xie, 2004) 

-grouping of teams 
-more emphasis on 
cross-functional 
teamwork 

-value stream owners 
work across departments 
-Belts may or not (scope 
is usually narrower) 

In
ve

n
to

ry
 -not necessarily a focus 

(Raisinghani et al., 2005) 
-a waste that needs to 
be minimized 

-waste is classified into 
certain types in Lean 
clarified better than in 
Six Sigma 

Fo
cu

s 

-key processes driven by 
VOC (Yang, 2004) 
-process alignment 
(Anand et al., 2007) 
-statistical control, 
stability, accuracy and 
defects 
-not always on flow 
optimization (Ferng and 
Price, 2005) 
-becoming rigorous 
(Proudlove, 2008) 
-process effectiveness 

-major end-to-end 
core business 
processes using 
product family matrix 
-different than Six 
Sigma in terms of 
focus (El-Haik and Al-
Aomar, 2006) 
-flow and speed of 
information or 
products 
-learning to see 
(Proudlove, 2008) 
-system efficiency 

-Lean focuses on 
customer value; Six 
Sigma focuses on CTQ 
(Proudlove, 2008) 
-both focus on customer 
satisfaction and better 
financial results 
(Anderson et al., 2006) 
-both work on speed and 
variation at different 
levels which stresses the 
idea of integration 
-Six Sigma focuses on 
controls to end projects 
while Lean focuses on 
ongoing future VSM 
-there is more focus on 
visual workplace (Antony 
et al., 2003) 
-a Lean plant is 
recognized easier than a 
Six Sigma plant (Balle 
and Balle, 2008) 

G
ap

 
Id

en
ti

fi
ca

ti
o

n
 -some organizations use 

balanced score cards that 
show gaps using key 
performance indicators 

-uses VSM as a way to 
understand the VOC 
(Snee, 2005) 

-both, however, lack a 
formal link with strategic 
planning and policy 
deployment (Bhuiyan 
and Baghel, 2005) 

P
ra

ct
ic

e
s 

-described as a well-
structured CI approach 
following DMAIC phases 

-uses VSM of current 
and future phases and 
Kaizen events 

-both apply to 
production and business 
processes (El-Haik and 
Al-Aomar, 2006) 
-both are state-of-the-art 
(Arnheiter and Maleyeff, 
2005) proven 
methodologies 



 

 

P
ro

d
u

ct
io

n
 

-focuses on increasing 
productivity 

-focuses on satisfying 
customer demand 
and increasing 
capacity 

-overproduction (often 
rewarded in Six Sigma) is 
a waste in Lean like 
inventory 
-Lean is preferable to 
mass production 
(producing more often 
increases waiting times, 
work imbalance and 
prevents product flow) 

D
es

ig
n

 

-uses DMADV or DSFSS for 
the design of new 
products or processes 

-focused more on 
production processes 
on new product 
design (Reichhart and 
Holweg, 2007); uses 
VSM to design a new 
enterprise 

-Six Sigma uses DFSS or 
DMADV for product 
design whereas Lean 
uses other tools (Upton 
and Cox, 2004) 
-Lean principles apply to 
new product 
development (Oliver et 
al., 2007) 



 

 

Sc
o

p
e

 

-value-adding process step 
(Snee and Hoerl, 2007) 
-improving a process 
without asking why it 
exists at all (Bevan et al., 
2006) 
-optimizes department 
local performance 
(Arnheiter and Maleyeff, 
2005) 
-performance target for 
single critical quality 
characteristic (Banuelas 
and Antony, 2002) 
-applied downstream and 
led by local champions 
(Goh and Xie, 2004) 
-local benefits (Balle and 
Balle, 2008) 

-larger waste 
between processes 
and overall value-
added content 
-improves product 
flow speed to satisfy 
customers 
-uses higher level 
VSM to see an end-to-
end system  
-system level 
optimization (Oliver 
et al., 2007) 
-optimizes overall 
VSM performance 
(Arnheiter and 
Maleyeff, 2005) and 
led by CEO’s 
-provides road-maps 
to transform 
operations (Balle and 
Balle, 2008) 

-both focus on process 
approach (Ricondo and 
Viles, 2005) but Lean 
scope is usually wider 
-optimizing a system of 
processes is superior to 
sub-optimizing a process 
that may or may not lead 
to overall system 
improvement 
-Six Sigma needs the 
addition of a system 
perspective to avoid 
local sub-optimization 
(Goh and Xie, 2004) 
which is something that 
Lean can help with 
-Six Sigma looks at steps 
whereas Lean looks at a 
whole system of steps; 
however, Six Sigma tools 
can also be applied to 
system level 
improvements where the 
measures are time-
based, such as lead time 
and cycle time (El-Haik 
and Al-Aomar, 2006) 
-it is argued Lean VSM 
focuses on horizontal 
direction and Six Sigma 
focuses on vertical 



 

 

Te
ch

n
iq

u
es

 

-tools are analytical, 
statistical and advanced 
statistical (Anderson et al., 
2006) 

-tools are mainly 
analytical (Anderson 
et al., 2006); no 
practice linking 
quality and 
mathematics to 
diagnose problems 
(Devane, 2004) but 
uses basic formulas to 
identify demand and 
other parameters 

-a lot of tools and 
techniques are 
interchanged between 
the two (McAdam and 
Donegan, 2003) 
-both criticized for 
focusing on outdate 
processes and metrics 
(Bevan et al., 2006) 
-both are different in 
terms of technique (El-
Haik and Al-Aomar, 
2006) 

M
ap

p
in

g 
To

o
ls

 

-uses SIPOC high-level 
map (including CTQ) and 
low-level process flow 
charts 

-uses VSM for high-
level maps (which 
includes valuable 
information and data) 
and process flow 
charts for low-level 
mapping 

-Lean uses VSM which is 
static in nature unlike 
simulation in Six Sigma 
that is more suitable for 
dynamic environments 
(Lian and Landeghem, 
2007) 

Ex
e

cu
ti

o
n

 -rule-based and 
procedural (Goh and Xie, 
2004) 

-uses a knowledge-
based tentative 
execution 

 

A
n

al
ys

is
 v

s 
A

ct
io

n
 -focuses on extensive data 

analysis 
-more bias toward 
quick-action; 
effectively promotes 
CI using Kaizen events  
-more revolutionary 
thinking 

-however, Six Sigma has 
rapid improvement 
techniques such as 
workout at GE and Lean 
has some data analysis 
tools (Proudlove et al., 
2008) 

To
o

ls
 

Ex
am

p
le

s -DOE, hypotheses testing 
and MSA 

-Kaizen events, visual 
workplace, Kanbans, 
5S, etc.  

-both use mistake-
proofing (Bhuiyan and 
Baghel, 2005) as one of 
the common tools 

So
ft

w
ar

e -uses Minitab -Microsoft Visio and 
Excel 

 



 

 

C
e

rt
if

ic
at

io
n

 

-to be certified, a Green or 
Black Belt needs to 
achieve the financial goals 
of the project done during 
training 
-better set-up and spread 

-to be certified, a 
Lean facilitator needs 
to lead to an end-to-
end system change 
from current to future 
state using VSM and 
Kaizen Blitz 

-LSS Belts need to 
enhance their facilitation 
and change leadership 
skills as they are 
expected to expand their 
teams to involve more 
people in their projects 

Tr
ai

n
in

g 

-structured and focused 
on Belts (Basu, 2004) who 
create an implementation 
infrastructure (Snee, 
2004) 
-less focus on wide teams 
-more intensity in the 
training of full-time 
improvement individuals 
(Schroeder et al., 2008) 
-some organizations 
started setting up 
introductory White and 
Yellow Belt levels to target 
all people 

-costs less money to 
train somebody and 
targets almost 
everyone in the 
organization 
-Lean drives superior 
organizational 
learning (Phil and 
Fujimoto, 2007) 

-Antony (2006) has 
indicated that the start-
up of a Six Sigma 
program in an 
organization might be 
costly especially for small 
and medium-sized 
organizations (which is 
not the case for VSM in 
Lean) 
-Six Sigma draws more 
from quantitative 
science whereas Lean 
draws more from 
behavioural science 
when looking at the 
training and certification 
requirements of some 
organizations 
-LSS training needs to be 
integrated where one 
methodology is taught 
and not two 

P
ro

b
le

m
s 

-problems are of typically 
deeper-level and more 
complex 

-seen from a high-
level 
-VSM helps solve a lot 
of low-level problems 

-Six Sigma suits 
unknown-solution-
problems; in Lean, 
solution is already 
formed (Hoerl, 2004); 
both deal with different 
problem levels 



 

 

R
ew

ar
d

s 

-Belts are usually explicitly 
recognized and rewarded 
with bonuses and 
promotions based on 
project results (Yang, 
2004); however, they may 
risk missing the wider 
view where their projects 
success may not be of 
benefit (Goh and Xie, 
2004) as the critical 
problem may lie 
elsewhere  

-bonuses are tied to 
project results but it is 
more challenging to 
quantify project 
savings as they may 
take longer times or 
be soft 
-proper low-level 
metric may not be 
easily found and 
higher-level metrics 
may be influenced by 
other non-
controllable factors 
-group celebrations 
occur at end of 
Kaizens 

-there is more incentives 
and career development 
focus in Six Sigma (Upton 
and Cox, 2004) 

H
o

w
 c

h
an

ge
 is

 le
d

 

-change is led by vision as 
in the initial stage of 
choosing a target while 
preparing a project 
charter and solutions are 
not usually tried before 

-change is led by 
vision as in future 
VSM and solutions are 
usually tried and 
tested (Proudlove et 
al., 2008) 
-scepticism exists 
about the effect on 
people 

 



 

 

C
h

an
ge

 o
b

st
ac

le
s 

-main change obstacle is 
the lack of understanding 
-success depends on skills 
of Belts to create value 
and diligence (Goh and 
Xie, 2004) with less focus 
on the team members 
who meet for few times 
during projects 

-main obstacle is 
culture 
-Kaizen events create 
rapid short-term 
changes 
-success depends on 
team’s mind-set and 
to create value 
-very important to 
empower, 
communicate, coach, 
and listen (Devane, 
2004) 

-success of both requires 
cultural change 
-Lean requires 
overcoming the 
paradigm of mass 
production (Ricondo and 
Viles, 2005) 
-it is less difficult to 
reengineer and evaluate 
break-up of an 
organization using Six 
Sigma as the team is 
more independent of the 
processes under 
consideration (Hwang, 
2006) 
-choosing a cross-
functional team 
representing all process 
steps is a strong asset for 
successful change in 
Lean 

Li
n

k 
to

 s
u

p
p

lie
rs

 

-targets supplier only if 
they are CTQ of process 
under investigation 
(Schroeder et al., 2008) 

-engages suppliers, 
helps them improve 
(Basu, 2004), certifies 
them and cooperates 
with a few strategic 
partners 

-linking Six Sigma to 
suppliers was identified 
as a success factor 
needed for its 
implementation 
(Banuelas and Antony, 
2002); however, Lean 
generally focuses more 
on them 

D
u

ra
ti

o
n

 -3 to 4 months per project 
or more (Hoerl, 2004) 

-typically takes 6 
months per VSM 
migration 

 



 

 

Fi
n

an
ci

al
 s

av
in

gs
 

-results are tangible (Goh 
and Xie, 2004) 
-less challenging to 
quantify savings and 
introduce incentives 
-tracks savings on a 
project by project level 
(Schroeder et al., 2008) 

-results can be 
intangible  
-more challenging to 
quantify savings 
-more soft part-time 
savings 
-a different look at 
cost savings and 
inventory than in 
traditional financial 
systems (Devane, 
2004) 

-both result in quick 
initial returns followed 
by incremental returns 
(Bhuiyan et al., 2006) 

Ti
m

e 
to

 s
e

e 
re

su
lt

s 

-no quick financial gain is 
realized due to time 
required for learning and 
applying (Devane, 2004) 
-changes in a process may 
not show any financial 
gain when looking at the 
system 

-takes less time to see 
improvement changes 
but may take longer 
time to see it 
financially 
-non-controllable 
factors may cause 
project metrics to 
worsen despite 
improvement 

 

C
u

lt
u

re
 

-sets up a culture that 
focuses on improvement 
of processes to achieve 
less defects and better 
financial gains 

-sets up a waste 
elimination culture 
engaging all people to 
focus on activities 
adding value from the 
customers view 

-Lean engages people 
into CI, focuses on 
teamwork and seeing 
more than one’s task, 
training people to see 
waste, find its causes and 
empowers them to 
implement changes 
-Six Sigma encourages a 
CI culture using an 
approach of one project 
after another  

M
ea

su
re

s 

-measures are primarily 
financial and cost-
oriented 

-primarily simple, 
non-financial and 
operational  
-time-based measures 
are essential (El-Haik 
and Al-Aomar, 2006) 

-there is more focus on 
bottom line results in Six 
Sigma (Snee, 2004) 



 

 

Sh
o

rt
co

m
in

g 
o

r 
d

es
ir

ab
le

 

-short of 3 desirable Lean 
characteristics: no direct 
attention to speed or 
inventory and no quick 
financial gain due to time 
required for learning and 
applying (Devane, 2004) 

-processes are not 
statistically 
controlled, no focus 
on variation within 
measurement 
systems and no 
practice linking 
quality and 
mathematics to 
diagnose problems 
(Devane, 2004) 

 

C
ri

ti
ci

sm
 

-not focusing on people 
and culture (Proudlove et 
al., 2008), may be 
challenging to find 
inexpensive solutions and 
data needed for analysis 
(Antony, 2006) 
-over detailed, aiming at 
an absolute goal that is 
not always appropriate 
(Bevan et al., 2006), 
difficult to stick with the 
rigor of the approach and 
focusing on tools more 
than problems (Proudlove 
et al., 2008) 
-long-term shift of (1.5 
sigma) in process mean 
found in Motorola; not all 
processes behave in such 
a way 

-putting lots of 
pressure on people 
(Yusuf and Adeleye, 
2002); however, does 
a better job in 
engaging people 
-provides more 
principles than tools 
or methods (Hoerl, 
2004) 

-both focus on outdated 
processes and metrics 
(Bevan et al., 2006) 
-both lack a formal link 
with strategic planning 
and policy deployment 
(Bhuiyan and Baghel, 
2005) 
-in the house of 
competitiveness 
proposed by Kovach et 
al., (2005), it is claimed 
that both are not enough 
as they fail to deal with 
innovation and flexibility 
and thus they need DFSS 
and agile manufacturing 
respectively 

C
O

P
Q

 v
s 

W
as

te
 c

at
e

go
ri

es
 

-The American Society for 
Quality (ASQ) recognized 
four categories for COPQ: 
appraisal, prevention, 
internal and external 
failure (Sower et al., 2007) 

-seven types of waste: 
over-production, 
waiting, 
transportation, 
inappropriate 
processing, inventory, 
unnecessary motions 
and defects (Devane, 
2004) 

-reprioritization and 
people’s skills are 
sometimes added to the 
list of wastes in Lean 



 

 

C
O

P
Q

 v
s 

w
as

te
 %

 -COPQ is between 20% 
and 40% of total revenue 
which makes it a very 
essential concept (Han 
and Lee, 2002) 

-waste may be 70% or 
more of resources (El-
Haik and Al-Aomar, 
2006); 95% of total 
lead time is wasteful 
waiting (George, 
2002) 

 

P
ro

je
ct

 s
e

le
ct

io
n

 

-the rights reside with 
management to ensure 
financial and strategic 
implications are 
considered (Schroeder et 
al., 2008) 

-VSM including 
numerous product 
families is selected; 
VSM results in 
projects such as 
Kaizen events, Six 
Sigma projects, just-
do-it, etc.  

-in LSS, project selection 
starts with the proper 
selection of VSM with 
biggest rate of return on 
invested resources 
(George, 2002) 
-a LSS model presented 
in (Kiemele, 2005) uses 
VSM as a trigger for 
project selection 



 

 

R
es

u
lt

s 

-examples: reduction of 
defects, higher efficiency 
and higher recovery 
-uses Sigma-level metric 
to evaluate process 
capability 
-has a better effectiveness 
record (Cheng, 2008) 
-helped reduce defects 
and operation costs and 
increase shareholder and 
customer value (Antony, 
2008) 
-GE claimed Six Sigma 
savings of hundreds of 
millions of dollars and this 
success helped spread it 
(Raisinghani et al., 2005) 

-some examples are: 
reduction of 
inventory, lead time, 
cycle time and waste, 
and improvement of 
people morale 

-both share same 
objective of solving 
problems, improving 
current performance (El-
Haik and Al-Aomar, 
2006), and reducing 
waste and cycle times 
(Snee and Hoerl, 2007) 
-similar to Lean, Six 
Sigma projects can 
improve process cycle 
time but Lean also 
improves total lead time 
-three most important 
Lean indicators are: 
inventory turns, lead 
time and percentage of 
documented production 
procedures (Bhasin and 
Burcher, 2006) 
-experience showed that 
combining the two can 
help companies reduce 
up to 80% of lead time, 
20% of quality and 
overhead costs, and 
improve over 99% on-
time delivery (George, 
2002) 

Source: Adapted from Salah, 2009 
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