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ABSTRACT

Lean and Green is a hybrid philosophy that combines the operational efficiencies of Lean with
the environmental consciousness instilled by Green philosophy. However, the South African
manufacturing industry experiences challenges in addressing their GHG emissions.
Therefore, this study aims to conceptualise and guide GHG reduction using Lean and Green.
This is achieved by designing a Lean and Green framework for GHG reduction in the South

African manufacturing industry.

Within the paradigm of design science research (DSR), a qualitative systematic literature
review (SLR) and applied thematic analysis (ATA) were used to code quotations (design
elements) from various literature sources in Atlas.ti. From these elements, five themes were

categorised and used to create a literature-based conceptual Lean and Green framework.

Deployment of design science research and surveys, built-in verification and validation further
developed the framework to increase relevance to the South African manufacturing industry.

Finally, this study presents a Lean and Green GHG reduction framework for the South African
manufacturing industry. This framework provides researchers and practitioners with the
essential elements and themes for achieving GHG reduction within the Lean and Green

paradigm.

Keywords: Lean and Green, GHG emissions, systematic literature review, applied thematic

analysis
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PREFACE

This dissertation was compiled and presented in article format in accordance with the academic

rules of the North-West University (approved on 21 September 2017).

Rule A.4.10.5 states: “Where a candidate is allowed to submit the research product in the form
of research articles, such research product must be presented for examination purposes as an
integrated unit, supplemented with a problem statement, an introduction and a synoptic
conclusion as prescribed by faculty rules and the manuscript submission guidelines, or the url link

to the manuscript guidelines of the journal or journals concerned.”

Rule A.4.10.8. states: “Where any research article or internationally examined patent to which
the candidate for a master’s degree and other authors or inventors have contributed is
submitted as the research product of a master’s degree programme, the candidate must obtain
a written statement from each co-author and co-inventor in which it is stated that such co-author
or co-inventor grants permission for the research product to be used for the stated purpose, and
in which it is further indicated what each co-author's or co-inventor's academic contribution to the

research product concerned was.”

Rule A.4.10.9. states: “Where co-authors or co-inventors as contemplated in rule 4.10.8 were
involved in the development of the research product, the candidate must mention this fact in the
preface, and must include the statement of each co-author or co-inventor immediately following

the preface to the research product.”

The following manuscript has been submitted to the Journal of Cleaner production with reviewer

comments incorporated and presented in Chapter 3:

¢ M. Roopa, R. Coetzee and E. Davies, “A Literature-based Conceptual Lean and Green

framework for GHG emission reduction in the manufacturing industry”.

The following research paper has been published in the SAIIE31 Green conference proceedings

and is presented in chapter 4:

e M. Roopa, R. Coetzee and E. Davies, “Designing a Lean and Green framework for GHG
reduction in the South African manufacturing industry”. SAIIE31 Green conference

proceeding pg 656-676.
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guidelines as stipulated by each journal/proceeding. These papers are in a different format from
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formatting appear differently in Chapter 3 and Chapter 5. The headings and original content of

the publications cannot be modified.
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Chapter 1
Introduction

This chapter provides context on the research problem addressed by the aim, objectives and
methodology of this study. The research contribution and ethical considerations are also

presented in this chapter.
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1 Introduction
1.1 Background

Manufacturing companies are always competing to provide products to customers in the fastest
and most cost-effective manner possible (Linder, 2019). To produce these products, resource
consumption becomes vital. Throughout the manufacturing process, of various products, energy
is used to run auxiliary support systems or convert raw materials into products (Barrett et al.,
2018). During this conversion process, greenhouse gases (GHGSs) are often emitted. Examples
of such gases include carbon dioxide (CO.), ozone (03), nitrous oxide (N20) and methane (CH,)
(Gohar & Shine, 2007:1).

According to Weisser (2007:8), the Global Warming Potential (GWP) is the ability of a GHG to
trap heat within the atmosphere, relative to an equal amount of (CO;). Each GHG therefore
possesses a global warming potential and poses a threat to the environment. Each GHG has
established values for GWP set out by the Intergovernmental Panel on Climate Change (IPPC)
(Svensson, 2011:3). These standardised values can be converted into a carbon dioxide
Equivalent (COze), which has become the standard unit for measuring the carbon footprint of
organisations around the globe. With growing consumer needs, anthropogenic activities give rise

to increased levels of GHG emissions and other pollutants.

South Africa is the most significant energy consumer and the largest source of pollution emissions
on the African continent (Ndoricimpa, 2017), with coal generating 29% of the primary energy.
Unsurprisingly, this has led to South Africa being one of the countries with the highest CO-
emissions per capita and the most carbon-intensive non-oil producing developing country (Kohler,
2013). In order to draw a comparison to other countries, the CO, emissions of various countries,

between 1951 and 2017 are encapsulated in Figure 1.
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COz2 emissions per capita, 1950 to 2017
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Figure 1 CO2 emissions per capita between 1950 and 2017 (Oxford, 2017)

As substantiated by Figure 1, South Africa also has a larger CO2 emission per capita than the
United Kingdom and China. The vast CO, emissions indicate that South Africa is a profligate
emitter of GHGSs. In broader contexts, South Africa ranked as the 13™ highest CO, emitter per

capita, and 12™ highest source of emissions in the world (UCSUSA, 2018).

Despite these trends, the country does recognise its obligation to preserve the environment. The
South African government believes that the country must reduce GHG emissions while providing
economic growth and increasing employment to reduce poverty and inequality (Ndoricimpa,
2017). The South African carbon tax act is a recent form of legislation aimed at relieving its
environmental impact. Various other forms of legislation and policies are used to standardise

sustainable environmental practices across multiple industries in the country.

The South African Department of Energy enforces regulations to control GHG emissions and
reduce other harmful environmental effects. According to the 2018/2019 annual report from the
South African Department of Energy (DOE, 2018/19), R7.09 billion was used to fund programmes
for energy policies, planning, electrification, nuclear energy and clean energy. While improvement
initiatives have been undertaken, organisations are still challenged with identifying opportunities
for future reductions. Carbon tax policies and regulations have also served as an approach to

remedy these unwanted effects on the environment. South Africa has deployed the Carbon Tax
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act, which was assented in May 2019 and signed into law by the South African President. The
Carbon Tax act took effect from 1 June 2019 (RSA, 2019).

As a result, organisations which deviate beyond the allocated CO.e emissions are taxed R120
per COe ton. Beyond this effort to address carbon emissions, further initiatives are needed to
reduce GHG emissions in South Africa.

As previously mentioned, South Africa is the highest energy consumer and the largest contributor
of pollution emissions (GHG emissions) in Africa (Ndoricimpa, 2017). South Africa also has one
of the highest CO, emissions per capita (Kohler, 2013). Furthermore, the manufacturing industry
within South Africa is renowned for being the largest sector for carbon emissions. This industry
must also abide by the carbon tax policies, leaving organisations challenged with the inability to
effectively identify and address GHG emissions with growing concerns regarding their carbon
footprint (CF) (Allwood & Cullen, 2009; Jeswiet & Kara, 2008; Junior et al., 2018). The South
African manufacturing industry therefore needs an initial steppingstone to identify, conceptualise,
and navigate the process of reducing GHG emissions. With the manufacturing industry of South
Africa being the more profligate industry that is unable to address environmental challenges, the
reduction of GHG emissions is of greater concern now than ever before (Allwood & Cullen, 2009;
Junior et al., 2018).

1.2 Research problem

GHG emissions are an ever-increasing environmental concern due to anthropogenic activities
around the world. Across industries, mechanisms have been introduced to try and mitigate this,

but a larger effort is needed to reduce GHG emissions. The same can be said for South Africa.

More specifically, the South African manufacturing industry is challenged with reducing their GHG

emissions.
1.3 Research opportunity

Literature discusses the relationship between lean and green principles and highlights the
environmental performance and operational efficiency delivered by this paradigm (Diaz-Elsayed
etal., 2013; Galeazzo et al., 2014). Researchers have further investigated implementation models
used to facilitate the adoption of this paradigm (Cherrafi et al., 2017; David & Found, 2016). Much
of this academic interest stems from the manufacturing sector (Fercoq et al., 2016; Zokaei et al.,
2017a:4). With the increased interest in these two paradigms, the academic community has

investigated their interactions and applicability in various industries. This focus stems beyond

4
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manufacturing sectors, and can be applied to business models, small, medium and micro
enterprises (SMMEs) and supply chain management (Carvalho et al., 2017; Duarte & Cruz-
Machado, 2013; Oliveira et al., 2018)

There is recognition of the range of literature on these topics leading to synthesis of ideas that
also identify future research streams. This analysis includes systematic literature reviews that
integrate Lean, Green and Six Sigma, barriers to Lean and Green integration, integrative Lean
and sustainability synergies and the state of the art regarding the Lean and Green paradigm
(Caiado et al., 2018; Cherrafi et al., 2017; de Carvalho et al., 2017; Garza-Reyes, 2015).

Lean and Green has demonstrated its capabilities in reducing GHG emissions (Cai et al., 2019;
Leme et al., 2018). This hybrid philosophy combines components from Lean, directed towards
process improvement and Green, focused on performance measures to reduce environmental

impact (Amrina & Zagloel, 2019).

With South Africa joining other counties in a united front against unwanted environmental effects
and Lean and Green emerging as a means of resolve, a need exists to develop a Lean and Green
framework that can guide South African manufacturing organisations towards reducing their GHG

emissions.
1.4 Research aim

Emerging from the research opportunity, the aim of this study is to design a framework that will
conceptualise and guide GHG emission reduction in the South African manufacturing industry by

means of Lean and Green.
1.5 Research objectives

In order to achieve the aforementioned aim, the following set of research objectives have been

formulated:

Conceptualise Lean and Green principles, tools, methodologies, and SLR methods
Extract and categorise design elements for Lean and Green GHG reduction
Design literature-based conceptual framework

Verify that the SLR process is completed with research integrity

Verify that the framework satisfies all the design requirements

o 0~ N ke

Confirm the validity of the research problem, research design and research output

(framework)
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7. Confirm the construct validity and internal consistency of the survey

A framework is an approach to prescribe a set of elements and constructs that constitute a
situation, process or philosophy (Soni & Kodali, 2013). These objectives are used to inspire the
appropriate research design.

1.6 Research design

Considering that this qualitative study is orientated towards new concepts and theories, a design
science research (DSR) paradigm was followed, specifically using action design research (ADR).
DSR is also deemed applicable for field problems, as it aims to develop generic actionable
knowledge (Van Aken, 2005). Therefore, DSR will serve as the paradigm in which this research

study is encased.

Hofstee (2006:107-117) differentiates between the research design and research method. The
research design serves as the approach used to design the manner in which the study would
unfold, whereas the research method concerns the general techniques used to complete the
study. In order to adhere to the objectives that are aligned to the aim of this study, a research
design has been formulated and is presented in Figure 2. This figure also provides an outline of
all the distinct chapters (Ch) in this dissertation and the corresponding aim and research

objectives.
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Figure 2 Research design

This research design is cast within the DSR paradigm using ADR. Firstly, a background to the
nature of this study and the problem is observed when scouring literature. Furthermore, the

literature study (Chapter 2) ensures knowledge enrichment and delineates the study.

The next phase of this research encompasses the data analysis and design by means of a two-
stage method involving a qualitative systematic literature review (SLR) and applied thematic
analysis (ATA). This body of literature was used to extract and conceptualise GHG emission
reduction using Lean and Green. Using the emergent themes from the ATA, various design
elements and themes are formulated and presented in a literature-based conceptual framework
(Chapter 3).

Once the literature-based conceptual framework was designed, surveys were used to refine the

framework as the final artefact belonging to this study, namely the Lean and Green GHG reduction

7
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framework (Chapter 4). This framework was verified and validated using methods summarised in
Chapter 5, some of which originate from the research manuscripts and research publications from
Chapter 3 and 4. Before this research study can be executed, ethical considerations need to be
taken.

1.7 Ethical considerations

Ethical approval was obtained from the North-West University Engineering Research Ethics
Committee (NWU-ENG-REC). A letter of informed consent was used to obtain consent from the
relevant environmental engineers and managers within various private manufacturing

organisations in South Africa.

Furthermore, the identity of all organisations and participants will remain confidential throughout
the dissertation. The data will be handled with the utmost security and safeguarded from external
parties. The researcher has undertaken to follow the researchers code of conduct by the North-
West University. The signed agreement has been provided in Appendix A. In conjunction, the

ethics approval letter (ethics number NWU-01771-19-Al) can be found in Appendix B.
1.8 Chapter summary

This chapter serves to delineate this research. In addition, we were introduced to the aim of
designing a framework to conceptualise and guide GHG emission reduction in the South African

manufacturing industry by means of Lean and Green.

To fulfil this aim, the following research objectives, method and chapter reference are summarised
in Table 1.

Table 1 Research objectives, method and associated chapter

Research objectives Research method Chapter/ research paper

1. Conceptualise Lean and Green Literature Review Chapter 2
principles, tools, methodologies,
and SLR methods
2. Extract and categorise design Qualitative Systematic Chapter 3 (Research
elements for Lean and Green GHG | Literature Review (SLR) and | manuscript)
reduction Applied Thematic Analysis
(ATA)
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Research objectives

Research method

iy NWU”

Chapter/ research paper

3. Design literature-based conceptual

framework

4. Verify that the SLR process is

completed with research integrity

5. Verify that the framework satisfies
all the design requirements

6. Confirm the validity of the research
problem, research design and
research output (framework)

7. Confirm the construct validity and

internal consistency of the survey

Consolidation of emergent
themes and application of

design requirements within
ADR using CIMO-logic

Independent researcher
verifies the search results

and filtered publications

Surveys

Application of Cronbach
alpha

Chapter 5 & Appendix C
(checklist)

Chapter 4 (SAIIE
Research paper 2)

Chapter 5, section 5.2.4

The aforementioned objectives are embedded into the overarching research design presented in

section 1.6. Ethical considerations are also formulated according to procedures governed and

enforced by the North-West University. In order to further contextualise the study, the literature

pertinent to the nature of this study is reviewed in Chapter 2.
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Chapter 2
Literature study

This chapter explores the literature concerning Lean, Green, Lean and Green, the state of GHG
emissions in South Africa and aspects pertaining to the research design.

10
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2 Literature Study

iy NWU”

State of the art literature was used to provide an overview of all theoretical concepts and principles

pertaining to this research. In order to scour and reflect on existing literature, key terms were

investigated under reputable academic databases. This exercise facilitates knowledge

enrichment and introduces some of the fundamental terms and concepts applicable to this study.

All relevant topics are addressed in this chapter are compartmentalised using the theme analysis

encapsulated in Figure 3.

2.1.1 Toyota Way

2.1 Lean ==

2.1.2 Value stream
mapping (VSM)

p— Subject matter e

2.2. Green =

2.1.3 Monozukuri

2.2.1 Life cycle analysis
(LCA)

2.2.2 Environemntal
management systems
(EMS)

2.3.1 Synergies

2.3 Lean and Green

2.3.2 Divergencies

2.4 Design science
research

Literature review
| |

2.5 Systematic literature
= =

2.3.3 Environmental value
stream mapping

2.4.1 Action design science

2.4.2 CIMO-logic

2.5.1 Review forms

reviews
= Research method -
2.6 Applied thematic
analysis
= 2.7 Survey design
— 2.8 Cronbach alpha
— Contextualisation — 2.9 Pressure-state

response model

Figure 3 Theme analysis

2.5.2 Generalised process

In order to discuss each concept in light of the study, the sequencing and referencing are listed

in Figure 3. Initially, the relevant subject matter is introduced. Lean and Green are explained in

11
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their original and distinct forms. By discussing the antecedents of Lean and Green, we are able
to understand the merged paradigm. In this way, the hybrid paradigm (Lean and Green) is then
further investigated. The next subsections provide additional literature which pertain to the nature
of this research, albeit in content or specific to objectives discussed in Chapter 1. This includes
design science research, qualitative systematic literature review, applied thematic analysis and
survey design. A pressure-state response model (section 2.9) is used to contextualise the study.
Finally, a chapter summary is also provided in section 2.10. The numbering system listed in the

figure refers to the subject matter discussed in the various subsections to follow.
2.1 Lean philosophy and tools

Lean philosophy has become a noteworthy process improvement philosophy within numerous
sectors. Lean focuses on eliminating waste (inefficiencies) and reducing non-value adding
activities to deliver improved customer value (Womack et al., 2008). The seven forms of waste
were classified by Taichi Ohno (1912-1990), one of the pioneers of Lean production (Womack &
Jones, 2010:16). A summary of each Lean waste is provided in Table 2, accompanied by a

respective example.

Table 2 Seven Lean wastes as detailed by (Bicheno & Holweg, 2017)

Lean Waste Explanation Example

Overproduction | Producing too much, too early or just-in-case @ High levels of work in progress or

producing in erratic bursts

Waiting Directly associated with the flow, any time that | During production, any time a part is
is wasted in production or service delivery not moving. In service
environments, any time a person is

waiting for a machine

Unnecessary Micro and macro wastes in movement owed Workstation configurations and
motions to human and layout ineffective ergonomic
considerations

Transporting Movement of materials which is non-value | Doubling handling which affects

adding to the customer productivity and quality

12
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Lean Waste Explanation Example

Overprocessing | Inappropriate processing of products which = Product or service components
can refer to machines and processes. which  do not align with
functionalities customers required

Inventory Ideally, Lean strives for zero inventory due to | High  product volumes, push
lead- time increases and adverse effects on | systems and susceptibility to

quality and productivity. product obsolescence

Defects A nonconforming product or service delivery = Scrap, rework or delays

which introduces costs and/or hampers

quality

Building on these 7 proclaimed wastes, Bicheno and Holweg (2017:21-22) have proposed new
wastes. These are also said to be appropriate in service and manufacturing environments. These

new wastes are described as follows:

e Untapped human potential — a more prominent addition to the seven lean wastes. This
is often referred to as the formal term being the 8" Lean waste. This refers to the inability
to obtain insight from people.

e Making the wrong product efficiently — Womack and Jones’ 8" waste. This is closely
associated with the waste of overproduction.

e Excessive information and communication — submerging people in an abundance of
unnecessary information.

e Waste of time — Failing to prioritise information with regards to urgency and importance,
resulting in ineffective sequencing and uneven balance of allocated or available time.

e Inappropriate systems — not confined to computers or automation, systems which steal
valuable time in the processes. Systems or processes which can be simplified to receive
the same desired goal in a shorter time or with greater ease.

e Energy and water — Wasted sources of power and water despite management systems
implemented in existing factories or service centres.

e Natural resources — stressed as the most crucial waste, aiming to conserve materials.

This argues that “Lean is Green” (Bicheno & Holweg, 2017:22).

Lean principles were originally developed in a manufacturing context used to impact organisations

across operational and strategic levels for the purposes of process improvement (Womack et al.,
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2008). However, several adaptations of Lean have proven successful in other areas as well.
Literature documents the successful application of Lean in industries such as banking, healthcare,
information systems, supply chain and management practices (Aherne & Whelton, 2010; Chen et
al., 2013; dos Santos & do Rosario Cabrita, 2016; Hicks, 2007; Nicholas, 2015).

In order to elaborate on Lean, the Toyota Way and Toyota Production System must be discussed.
2.1.1 The Toyota Way

The original version of Lean was first developed at Toyota (Bicheno & Holweg, 2017). Lean serves
as a means of explaining the thought processes and guiding forms of interaction between people
(Coetzee et al., 2016). The Toyota House (Figure 4), also known as the Lean Enterprise House

encapsulate all of the principles that constitute Lean.

The Toyota Way

Continuous Respect for
Improvement People

Kaizen Respect
Challenge
Genchi Genbutsu Teamwork

Figure 4 The Toyota Way House adapted from Liker and Hoseus (2008) and Bicheno and Holweg (2017:5)

The Toyota Way is built on two core pillars, nhamely respect for people (RFP) and continuous
improvement (Kaizen). Kaizen is the Japanese term for continuous improvement for change (kai)
for the better (zen) . Within the Lean paradigm, Kaizen calls on organisations, regardless of
industry, to reflect, learn and adapt their processes on an ongoing basis. Kaizen has been

successful in a multitude of sectors, such as education, inventory management, logistics,
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automotive and service industries (Barraza et al., 2009; Emiliani, 2005; Monden & Hamada, 1991;
Palmer, 2001). While the practical implications of Kaizen are at times a complex process (Styhre,
2001), as it can be a challenge to successfully implement due to lack of understanding.

However, Kaizen speaks to environmental performance, In the same manner that it strives to
continuously improve, Kaizen can serve as a means of continuously trying to reduce GHG
emissions, energy consumption, water usage or other negative environmental aspects (Cherrafi
et al., 2019).

Two more aspects related to continuous improvement is challenge and Genchi-genbutso.
Challenge calls on teams to creatively realise their dreams and form a long-term vision, while
Genchi-genbutsu refers to the process of going to the source and making correct decisions

through consensus (Coetzee et al., 2016).

RFP is supported by Respect, taking responsibility and respect for each other, as well as
Teamwork focused on ensuring professional and personal growth (Liker & Hoseus, 2008). From
a sustainability driven perspective, it becomes crucial to ensure people are engaged and
encouraged to adopt a more environmentally considerate approach. This ensures that the notion

of Lean waste also considers the implications it can have on the environment.

Liker (2003) referred to Lean as the Toyota Way but since 1991, Womack et al. (2008) began
describing Lean management as the Toyota Production System (Ito, 2016). The Toyota
Production System (TPS) serves as a mechanism, and is not a Toolkit used for process
improvement (Coetzee et al., 2016). An illustration of the TPS house has been provided in Figure
5.
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The Toyota Production System House

Just-in-time

Im) Jidoka

Levelled Production, Standardised processes

5S, Gemba, Visual Management

Figure 5 The TPS house adapted from Liker (2003) and Bicheno and Holweg (2017:4)

While Toyota and TPS continue to evolve (Bicheno & Holweg, 2017), the core purpose remains
the same, increasing efficiency by reducing waste and keeping people and processes close to
heart. TPS relies on Just-in-time (JIT) and Jidoka (automation with human touch). Just-in-time
production integrates activities in order to yield minimal inventory levels and high-volume
production (Chase et al., 2018). The concept of levelled production (Heijunka) and standardised
processes conform to the conceptual attributes of Lean that speak to production scheduling,
reduced process strain, communicating, following and improving standards (EIMaraghy & Deif,
2014; Pereira et al., 2016). In accompaniment to the TPS house, 5S serves as a housekeeping
practice that can not only identify forms of environmental waste (Randhawa Jugraj & Ahuja
Inderpreet, 2017), but allows and facilitates increased process visibility with a place for everything,
and everything in it's place (Fabrizio & Tapping, 2006). The notion of Gemba, requires one to
walk to floor and observe the inefficiencies at its core, while visual management serve as
mechanisms which are intended to guide, manage and control flow and processes at hand
(Bicheno & Holweg, 2017). Collectively, these embody the process improvement techniques
which drive efficiency with a people-centred approach to continuously adapt and enhance

processes and increase profit for an organisation.

Lean makes use of various tools essential for process improvement initiatives. One of the most

commonly used tools is value stream mapping (VSM).
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2.1.2 Value stream mapping

Value stream mapping is an illustrative approach that allows one to understand the flow of

material and information as a product transitioning through the value stream (Rother et al., 2003).

Hines and Rich (1997) discuss various tools used to identify and understand the value stream.

The objective of this study conducted was to guide future research towards a new decision-

making process when mapping the value stream or supply chain. Table 3 defines each tool in

terms of its origins with a rating across each of the seven lean wastes. Each rating evaluates the

level of correlation and practicality. The notations low (L), medium (M) and high (H) denote the

level of correlation and practicality of each lean waste, subject to each form of the mapping tool

identified in the research.

Table 3 Origins of seven value stream mapping tools from Hines and Rich (1997)

Mapping tool

Process
activity

mapping

Supply chain
response

matrix

Production

variety funnel

Quality Filter
Mapping

Demand
amplification

mapping

Decision point

analysis

Industrial

engineering

Time
compression/

logistics

Operations

management

Unspecified

Systems

dynamics

Efficient
consumer

response/logistics

Over-

production

Waiting

Lean Wastes

Transport

Over-

processing

Inventory

Motion

iy NWU”

Defects

H
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Mapping tool Origin Lean Wastes
Over- Waiting | Transport | Over- Inventory Defects
production processing
Physical Unspecified - - L - - - -
structure
mapping

Recommendations allude to industry and research-based approach when selecting a tool that
assesses a particular waste. More so, Hines and Rich (1997:63) suggest that an extended value
stream setting should address the wasteful activities between organisations and their internal
processes for an effective internal waste reduction. These elements are often incorporated in lean

diagnostic toolkits, which elaborate on certain value stream mapping techniques.

The following higher levelled sub-section (Section 2.2) will elaborate on Green principles for the
purposes of defining Lean and Green in Section 2.3.

2.1.3 Monozukuri

According to Zokaei et al. (2017a), Monozukuri embodies the true being of Toyota in accordance
with sustainability. This Japanese term directly translates to production, but is “the older sister of
sustainable manufacturing”(Zokaei et al., 2017a:95). It also stems beyond this, encouraging the
respect of individuals and harmonious manufacturing with nature. It can also be tied to sustainable
design logic. In a study by Ranky (2007), Monozukuri is voiced as an eco-friendly sustainable
design and manufacturing approach which proved to reduce waste within a manufacturing facility

in Japan once applying a rule-based approach.

The inherent features that link to sustainable practices within the Lean paradigm have been
showcased in the preceding subsections. We now define the Green philosophy in order to further
contextualise the Lean and Green paradigm discussed in this research.

2.2 Green philosophy and tools

Simultaneously, consumers, shareholders and regulators are all fixated on obtaining more
sustainable products and services (Cherrafi et al., 2017). Green philosophy aims to promote
sustainable practices and environmental preservation. More recently than Lean development,

green manufacturing has become an emergent initiative which promotes sustainable practices
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that reduce the environmental impact of organisations (Dornfeld, 2012). This principle ensures
that resources are not depleted but rather consumed in a sustainable manner.

Several green principles strive towards eliminating emissions and negating the harmful
implications imposed onto societies. Examples of environmental practices include eco-efficiency
analysis and life cycle management (Leme et al., 2018:518). The manufacturing and competitive
strategies drive cost, flexibility, quality and time. Similar to the Lean philosophy, green wastes
have been established (Zokaei et al., 2017a). The eight forms of green waste are depicted in
Figure 6.

Lost human
potential

Physical
waste

Water usage

Noise and
Nuisance

Air emissions

Land
contaminatio
n

Water
Discharges

Energy
consumption

Figure 6 Green wastes adapted from Zokaei et al. (2017b:46)

The Green wastes seek to ensure environmental prosperity and sustainable consumption of
natural resources. Examples of land contamination and air emissions may originate from volatile

organic compounds (VOCSs) or other forms of physical waste detrimental to the environment.

2.2.1 Life Cycle Assessment (LCA)

An organisation or country's carbon footprint measures the total carbon emissions directly and
indirectly caused by a series of activities accumulated over the life stages of a product (Wiedmann
et al., 2016). Caro (2019) defines a carbon footprint as an environmental indicator measuring the
overall amount of GHG emissions.
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While (COy) is one example of a GHG, numerous others, as mentioned in Chapter 1. include
gases such as ozone (03), methane (CH,) and nitrous oxide (N,0) (Gohar & Shine, 2007:1).
Standardised GWP units are utilised for measuring the carbon footprint of an organisation. During
an LCA, the carbon footprint of all activities is calculated and estimated across the design,
implementation, operation and disposal attributed to production or service offerings of an
organisation. A LCA can serve as a reputable means to computing GHG emissions, by identifying
the stages at which more stringent environmental considerations must be made (Cellura et al.,
2018).

The balance between IPCC codes for GHG emissions from energy consumption is also an
alternative approach for computing GHG emissions (Cellura et al., 2018). The preferred outcome
from any LCA strides beyond product marketability analysis, but rather a means to assess the
environment impact of a specific product or service (Ciambrone, 1997). The fundamental goals
of a LCA is illustrated in Figure 7.

Pollution
Prevention

Life

Cycle Syt
Analysis

Sustainable
ecosystem

Figure 7 Life Cycle Analysis Goals from Ciambrone (1997:4)
A successful LCA should impose a positive impact on the human health, natural resources,
economic system, ecosystem and prevent pollution in a cost-effective manner. Another tool used
to promote improved levels of environmental performance is an environmental management

system.
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2.2.2 Environmental management systems

Due to the increasing environmental awareness, pressures, constitutional government policies,
and regulations, organisations are led to embrace green manufacturing or adopt an environmental

management system (EMS) policy (Chen, 1997).

According to Fu et al. (2017), the World Commission on Environment and Development (WCED)
defines environmental management as an all-inclusive activity to reach environmental objectives
by planning, organising, coordinating, controlling, and supervision. The selection or adoption of
an EMS is determined by the culture, background or customer requirements of an organisation
(Hui et al., 2001).

EMS have proven successful in improving environmental performance and certifying
achievements when implemented on a large scale (Disterheft et al., 2012). In order to achieve
this, EMS serves as a systematic means to apply business management to environmental
concerns by developing processes and products that improve competitiveness and environmental

performance concurrently (Stead & Stead, 1992).

The application of EMS is not exclusive to improving environmental performance by measuring
and assisting organisations to control natural resources during production. It can also be used to
assess financial performance based on resource cost and utilisation (Watson et al., 2004). The
implementation of EMS has now moved beyond the private sector, but also educational
institutions and public sectors. Adopting EMS can be a sound means to address environmental,
social and economic issues (Ikram et al., 2019). By incorporating EMS, key performance indicates
such as GHG emissions, energy consumption and waste management can be identified and tied

to strategic goals in an organisation (Lo-lacono-Ferreira et al., 2018).

Manufacturing organisations have now been confronted with the goals and aspirations of carbon

neutrality and low carbon manufacturing.
2.2.3 Low carbon manufacturing

The manufacturing industries accounts for 36% of carbon emissions and almost 33% of energy
consumption (IEA, 2011). Among many environmental and economic pressures imposed, low
carbon manufacturing has become essential, provided in does not compromise on productivity
and costs (Tian et al., 2019).
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Low carbon manufacturing (LCM) is concerned with reducing CO, emissions by modifying
systems and processes accordingly (Tridech & Cheng, 2011). The following figure represents the
main terms which concern LCM.

Resource
utilisation

Waste Energy
minimisation efficiency

CO2 from
processes

Figure 8 LCM Characterisation redrawn from Tridech and Cheng (2011:4)

The concept of LCM has also been used for supplier development purposes by means of an
analytical model (Jharkharia & Das, 2019).

Recently, the European Union have urged their respective industries to strive towards carbon
neutrality by the year 2050 (EU, 2020) . Even more so, some seek to achieve zero emissions by
specific years. While this is indeed a noble cause, many scholars believe in carbon neutral
renewable technologies, or increased technology innovations as a means to achieve this
(Giampieri et al., 2019; Zhao & You, 2020).

This method serves as one means to reduce GHG emissions. The principles of VSM, LCA, EMS
and LCM have become fundamental concepts within Lean and Green philosophy.

2.3 Lean and Green philosophy and methodologies

Within the Lean paradigm, the combination of Lean and Green principles have emerged in
modern literature (Abreu et al., 2017; Leme et al., 2018; Wiese et al.,, 2015). Research
communities have underlined the similarities between Lean and Green principles. Where green
initiatives measure environmental performance measures to limit resource consumption levels

22



®
Designing a Lean and Green framework for GHG emission reduction in South Africa lnu NWU

and emissions, Lean principles strive for zero waste, higher levels of productivity and customer
value satisfaction. Lean and green principles comprise of both Lean and Green manufacturing
characteristics to sustain natural ecosystems and society without compromising productivity
(Brecht, 2012:47). Figure 9 illustrates the learning maturity stages experienced when adopting
the Lean and Green paradigm.

/NNVVV
HILEAN AN\ A/\/\_HII.IIHIT.IIHII.IIH
GREEN VV VYV NV
Relationship Conflicting: : Benign: Both may co- Syn.ergetlc: Symbiotic:
Polarity between exist, but are non- P05|t_|ve . Lean and green form
Lean and Green complementary .T. relationship part of the same
perpetuated strategy
Example Frequent deliveries Lean team pursues Reducing product L&G strategy for
rising emissions, economic goals waste reduces reducing loss
whereas lowering  whereas green teams green impact imparted to society
emissions reduces  pursue simultaneously during entire
productivity environmental goals production life cycle
independently
Stage of learning Unconscious Conscious Conscious Unconscious
maturity incompetence: incompetence: competence competence
Not knowingwhat  Knowing what you Not knowing what Knowing what you do
you don’t know don’tknow you do know know (2" nature)

Figure 9 Lean and Green maturity stages adapted from Zokaei et al. (2017b:56)

As illustrated in Figure 9, various companies may function at different stages of Lean and Green
maturity. In the primal stage, companies pursue independent lean and green initiatives which
counteract one another. Organisations which fall victim to this stage are those who pursue lean
improvement projects under environmental regulations unaware of the relationship between the
two paradigms. During the next stage, an organisation may become aware of the association

between these two facets and begin separate initiatives that are non-complementary in nature.

However, it is possible for certain organisations to realise this relationship and internalise lean
and green practises across operational and managerial levels. In such an instance, organisations
reap the reduction of lean and/or green wastes with a relationship that is defined as either

synergetic or symbiotic.

The fundamentals of Lean and Green can be further explained using the Lean and Green house
from Verrier et al. (2016). By building on the learning maturity stages from Zokaei et al. (2017a),
Verrier et al. (2016) guide organisations with the best practices from Toyota in light of recent

synergies that have been established between Lean and Green principles and philosophy on a
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strategic level. The Lean and Green house (inspired by the Lean Enterprise House) is
encapsulated in Figure 10Figure 10.

Lean and Green

Strategic sustainability

Proactive knowledge Proactive compliance
Supply Chain relationships

Employee involvement
X Skill enhancement Reduce
Ul I and Reuse
Monitoring process indicators
Visual management

Value Stream Mapping and Gemba Walk
Identifying & Tracking of wastes

Control hazardous
Safety

Continuous improvement

Bottom-up expertise : Genchi Genbutsu (Go and See)

Top-down Management : Driving progress

Figure 10 The Lean and Green house adapted from Verrier et al. (2016:154)

Continuous improvement, Go & See and Top-Down Management serve as the foundation and
have been documented in literature. To construct a lean and green strategic sustainability model
(holistic approach), the three fundamentals pillars are Lean (with a focus on 5S), the workforce
and their safety (people), and green with efforts made to control hazardous substances (the
environment). The first two all-encompassing layers reflect on VSM, Gembas and the
identification and tracking of wastes within a process, monitoring process indicators in an

environment executing by incorporating visual management.

Wiese et al. (2015:4) stated that “because environmental wastes and pollution are not the primary
focus points of lean implementation, the gains may not be maximised in the normal course of a
lean initiative”. This argument contests the range of benefits Lean has an organisation; more
specifically, those directed towards environmental performance. This innate similarity and shared

similarities are further investigated.
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2.3.1 Lean and Green paradigm synergies

Lean and Green paradigms share an innate connection that cannot be disregarded. A connotation
is made between each lean waste (muda) and environmental impact. This association is

demonstrated in Table 4.

Table 4 Lean mudas and their associated waste adapted from Verrier et al. (2016:4)

Lean waste (muda) Related Green impacts

Overproduction Unnecessary use of energy and raw materials
Direct output emissions owed to hazardous substances

Unnecessary Excessive power usage for heating, cooling & lighting

inventory
Potential extra material used (WIP) and rubbish produced from excess inventory
violating stock against policies

Transport Energy use

Emissions generated

Motion Potential for more space (energy) and packaging (materials) required

Defects Waste of raw material and energy
Management of re-treatment (energy, disposals)
Over-processing Unnecessary energy and raw materials required
Additional rubbish & emissions created
Waiting Spoiled energy and resources
Potential material damages

Lost human potential | Lost potential for improvement

As showcased by Table 4, the effects of Lean wastes can be correlated with one or environmental
waste or form of degradation. This further supports the collective efforts and shared visions that
Lean and Green has in achieving productivity and environmental performance. To extend on this

notion, Figure 11Figure 11 offers a visual representation thereof.
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Operational performance

Practise: Increase replenishment frequency

Lean
Manufacturing: High average utilisation, JIT

Product Design: Maximise performance, minimise cost

Customer: Satisfied by cost and lead time reduction

Wastes: Transportation, Inventory, Motion, Waiting, Over-production,
Over-processing, Defects & Lack of human potential

Tools: VSM, Kaizen, 5S, SMED, SW, JIT, CM, TPM

Lean and Green

Focus: Cost reduction & flexibility

Purpose: Waste Dominant cost: Physical costs
KPI: CO2 reduction, People Sommamees Ty

and organisations,
ools: LCA, EMS, 3R, DFE, EEC Lead time End-of life: No concern
. reduction, Supply
Focus: Sustainable development chain relationships KPI: Costs

and ecological impact

Customer: Satisfied by becoming eco-friendly and conscience

driven
End-of life: Large concerns in the form of 3Rs

Wastes: Energy consumption, Physical waste, Noise, Water
usage, Air emissions, Land contamination, Water discharge
& Lack of human potential

Green

Manufacturing: Remanufacturing capabilities

Dominant cost: Costs for future generations

Practise: Reduce replenishment frequency

Product Design: Life Cycle Assessment (LCA)

Environmental performance

Figure 11 Lean and Green paradigm overlap adapted from Dues et al. (2013:5) and Zokaei et al. (2017b:45)

This overlap is highlighted in Figure 11, Lean and Green paradigms comprise of respective
product design, focus, wastes and tools used to facilitate operational performance (Lean) and
environmental performance (Green). However, this hybrid paradigm (Lean and Green) shares the

common purpose in reducing waste, recognizing the value of people and organisations
2.3.2 Lean and Green Divergencies

Wiese et al. (2015:4) stated that “because environmental wastes and pollution are not the primary
focus points of lean implementation, the gains may not be maximised in the normal course of a
lean initiative”. Despite the convergence between Lean and Green principles, they are still
polarized by certain characteristics (Brecht, 2012). One of the most conflicting tradeoffs is the
feasibility regions of Lean and Green solutions in relation to zero waste and zero emissions, as

illustrated in Figure 12.
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Green

Zero Emissions -

Figure 12 Lean and green polarity

Lean solutions drive cost savings, where concepts such as one-piece flow and JIT are introduced.
The effect of these concepts increases the energy usage of certain resources which ultimately
increases carbon emissions. Green solutions would aim for minimal emissions, which would result
in increased costs incurred due to new procedures, technologies, initiatives, or incentives

pursued.

Researchers have contemplated the exact sequence lean and green initiatives should be
introduced into organisations. An extensive study by David and Found (2016) explored the
common sequence of lean and green initiatives across countries around the world. In summary,
the results of the implementation sequences of lean and green individually and collectively are

illustrated in Figure 13.

Implementation sequence of Lean and Green

m Lean then Green ® Lean and Green simultaneously = Green before adoping Lean

Figure 13 Sequence of Lean and Green initiatives adapted from David and Found (2016:19)
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Figure 13 illustrates the most common sequence for implementations composed of lean, followed
by green initiatives being introduced. However, Galeazzo et al. (2014) conducted an analysis of
three pollution-prevention projections undertaken by two manufacturing plants.

Itis suggested that future research establishes the characteristics that dictate a preferred initiative
sequence between these two paradigms. One of the most commonly used Lean and Green tools
is an adaption of value stream mapping (VSM) with the intent of increasing environmental
performance (Dieste et al., 2019; EPA, 2007a; Wills, 2020).

2.3.3 Value stream mapping measuring environmental performance

In a similar way in which Lean strives to eliminate waste, Zokaei et al. (2017b:67-68) developed
a lean and green diagnostic toolkit to eliminate green wastes. The toolkit outlines the scope and
usefulness of each technique according to business needs. The Lean and Green diagnostic toolkit
is presented in Table 5. An “X” marks a respective technique appropriate to a specific business

need to be identified.

Table 5 Lean and green diagnostic toolkit adapted from Zokaei et al. (2017b:68)

R o oY= o oY= oY= A o S
D 0 O ap a O0LpP

app O A 0 e atlo
» B s |2

© o @

= 0 =
Overview X X X X X
Establish focus X X X X X
Scope process X X X
Walking the X X X X
flows
Detail analysis X X X X X
Organisational X X X
Cross-
functioning
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Business need System Green Green Eco-maps Value Lifecyle Footprint

boundary impact big impact analysis analysis
mapping matrix picture ratio

map

Significant X X X X
opportunity for

innovation

However, adaptations for value stream mapping (VSM) presents opportunities to serve as an
effective tool for monitoring flow and factoring in green performance measures. VSM also serves

as an overview of a process that has been scoped.

Faulkner and Badurdeen (2014) conceptualised a sustainable value stream map (Sus-VSM) to
visualise the process water, raw material, and energy consumption from a satellite dish production
line. One of the unique characteristics of this VSM is its ability to capture the amount of water
required, consumed and lost during the process stages.

During the development of the (Sus-VSM), variations of VSM were investigated. The following

adaptations were identified:

e EPA Lean and environmental toolkit (EPA, 2007a)

e EPA Lean and energy toolkit (EPA, 2007b)

e Environmental VSM (EVSM) (Torres Jr & Gati, 2009)

e Sustainable value chain map (SVCM) (Norton & Fearne, 2009)

e Sustainable manufacturing mapping (SMM) (Paju et al., 2010)

e Energy & environment VSM (EEVSM) (Kuriger & Chen, 2010)

e Lean sustainable production assessment tool (Kuriger et al., 2011)
e Green VSM (Dadashzadeh & Wharton, 2012)

While traditional VSM approaches evaluate total value-adding, and non-value adding time,
modern literature has argued that the need for including energy is vital (Prather, 2011:8). An
analogy can be made with carbon tax procedures and incentives used to reduce CO2 emissions
in South Africa by factoring in energy.

Various other value stream models include the extended energy value stream model (Fischer et
al., 2015). This method was applied in a discrete production environment, where the energy
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consumption of factories is measured cause-dependently to individual processes (Posselt et al.,
2014). A multi-criteria and multi-step selection process are used to determine the most

appropriate improvement measures, often referred to as solution elements.

A Lean industrial energy efficiency analysis framework proposed by Cavallaro (2013:381)
elaborates on a means of obtaining a future state E-VSM using a Bayesian network. This

approach can determine improvement areas in the event of insufficient quantitative data available.

Similar to Faulkner and Badurdeen (2014), Davies (2016:132) listed the guidelines and

frameworks used in the development of the WESM framework as follows:

¢ International performance measurement and verification protocol (DOE, 2012:17,18)

¢ Energy audit guideline from the Government of Hong Kong Special Administrative Region

¢ Energy audit manual and tool from the Canadian Office of Energy Efficiency and Natural
Resources (CIPEC, 2011:6)

Davies (2016) has also considered energy value stream mapping frameworks created by the
Fraunhofer Institute (Erlach, 2013), Institute for Machine Tools and Industrial Management
(Reinhart et al., 2010), and the California Manufacturing Technology Consulting agency (Prather,
2011). The applicability and relevance of VSM to assess environmental performance are also
made evident in literature that is further elaborated on in Chapter 3.

While it is believed that VSM produces limited detail with an inability to account for high process
variation (Gurumurthy & Kodali, 2011), it creates a solution space that supports improvements
within a process (Lugert et al., 2018). Value stream mapping has become a popular tool used to

spur environmental performance.
2.4 Design science research (DSR)

Design science research is a paradigm in which one seeks to enhance human knowledge by
creating innovative artefacts (Coetzee et al., 2019; Hevner et al., 2004). The well designed and
developed artefacts generated in this paradigm are believed to contribute new knowledge to
literature and real-world applications (Hevner & Chatterjee, 2010). This has become prominent
within the information systems community and field of business and management studies (Costa
et al., 2020).

According to Van de Ven (2007), this is an appropriate means to engage scholarship with various

stakeholders to understand and solve complex problems or opportunities. Examples of innovative
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artefacts created by using this paradigm include those that are conceptual (models, frameworks),
formal logical instructions, systems design, social innovations, design theories and design
propositions (Aken, 2004; Denyer et al., 2008; Hevner et al., 2004; Offermann et al., 2010; Peffers
et al., 2012; Vaishnavi & Kuechler, 2015).

However, there are four distinguishable artefacts within DSR. As discussed by Mwilu et al. (2016),

these are:

o Constructs: Means to define and communicate problems and solutions
¢ Models: Representations of real-world situations for enhanced understanding
¢ Methods: Defining processes in order to provide guidance on solving problems

e Instantiations: Demonstrate the implementation of artefacts as a functioning system
This framework illustrates three research cycles, namely (Hevner, 2007):

e Relevance cycle: Connects the contextual environment with the design science activities

e Rigour cycle: Links the knowledge base of scientific foundations with design science
activities

o Design cycle: Iterates between core activities of developing, building and evaluating the

artefact

By incorporating these cycles, a research framework for executing and evaluating DSR is

visualised in Figure 14.

Environment: . . Knowledge base:
Design science research:
[Application domain] [Foundations]
Build & design
artefacts & . e Scientifictheories &

* People Relevance Process Rigour methods

* Organisational systems cycle cycle

* Technical systems Design * Experiences &
cycIe expertise

. * Grounding
* Requirements X
* Problems & « Field testing * Knowledge base |s Meta-artefacts (Design

opportunities Evaluate additions products & design
processes)

Figure 14 Design Science research framework (Hevner, 2007)
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2.4.1 Action Design research (ADR)

Action design research (ADR) is a research method that builds and evaluates artefacts that yield
design knowledge (Sein et al., 2011). ADR has the ability to resolve two challenges, namely (1)
addressing a problem situation within an organisation by intervening and evaluating, but also (2)
constructing and evaluating the capabilities of the artefact being able to address the problem
(Sein et al., 2011). Moreover, this perpetuates the building, intervention and evaluation of
artefacts which academic scholars and practitioners can apply in an intended context (Coetzee,
2019; Sein et al., 2011). ADR can be executed in four distinct phases, namely (Coetzee, 2019;
Sein et al., 2011):

Stage 1: Problem formulation (perceived problem by researchers where artefacts must be

informed by theories)

e Stage 2: Building, intervention and evaluation (creating a solution space to design an
artefact using the platform created in stage 1)

e Stage 3: Reflection and learning (learnings during the development of the artefact is

applied to a broader class of problems)

e Stage 4: Formalisation of learning (outlining accomplishments and outcomes)

The purpose of DSR and ADR strives solve problematic situations (field problems) by designing
innovative artefacts (Denyer et al., 2008), an approach which is adopted in this study and
discussed further in Chapters 3 and 4. In order to design a GHG reduction framework, the CIMO-

logic will be followed.
2.4.2 CIMO-logic

In support of this paradigm, Denyer et al. (2008) present the CIMO-logic which serves as a design
proposition. This uses prescriptive knowledge, a major component within DSR. This relies on the
logic of Bunge (2012), and is fixated on organisational adoption within a managerial level. The
following table presents the component and explanation belonging to the CIMO-logic. In order to
provide further perspective in line with the nature of this study, the rightmost column discusses
the specific degree to which each CIMO component will be used to build the Lean and Green

GHG reduction framework.
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Table 6 CIMO Logic with relevance to study

Component Explanation Relevance to study

Context (C) External and internal factors, Understanding the core
human condition that impacts concepts that influence and help
behaviour quantify GHG reduction

(Chapter 1 and Chapter 3)

Interventions (1) The forms of remedial actions at | GHG reduction design elements
hand (Chapter 3)

Mechanisms (M) An aspect tied a particular, or GHG reduction themes (Chapter
set of interventions 3) and Lean and Green GHG

reduction framework (Chapter

4).
Outcome (O) The overall goal or objective Seeking to reduce GHG
behind the intervention emissions using the Lean and

Green paradigm (Testing the

framework in Chapter 5)

This method serves as a means of achieving research synthesis, by designing according to an
organisation. In order to extend the approach, a qualitative systematic literature review and
applied thematic analysis will be used to formalise GHG reduction elements and themes

embedded into a conceptual-literature based framework.
2.5 Systematic literature review (SLR)

A systematic literature review is an explicit and reproducible technique for identifying, evaluating
and synthesising existing sources of literature developed by academic scholars and practitioners
(Fink, 2019). According to Xiao and Watson (2019), the two forms of literature reviews (1) serve
as background for empirical studies and (2) constitute a stand-alone work (Templier & Paré,
2015). The former is used to provide context or identify a gap in literature a study intends to fill,
whereas the latter is categorised by the purpose of the review in order to provide interpretation

on an existing body of literature.
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Section 2.5.1 discusses the various forms of SLRs and Section 2.5.2 provides an overview of a
generalised process of conducting an SLR, which has been selected for the study and featured
in Chapter 3.

2.5.1 Forms of reviews

According to Xiao and Watson (2019:4-5), the purpose of an SLR is to describe, test, extend or
critigue a body of literature to extract more profound meaning. A summary of these types is
embodied in Table 7.

Table 7 Summary of SLR types adapted from Booth et al. (2012:26-27)

Review type Description

Critical Demonstrate thorough research with a critical evaluation of the quality. Typical
results include a hypothesis or model derived from in-depth analysis and

conceptual innovation.

Integrative Experimental and non-experimental research methods to understand a

phenomenon based on findings from theoretical and empirical literature.

Literature review Current literature studied across a range of academic interest, which may

include research findings.

Mapping review / Categorises and maps literature for the purposes of identifying areas for future

systemic map research.

Meta-analysis Statistical approach to quantify the effect of results documented in quantitative
studies.

Mixed studies Customised review approaches or methods all of which possess review

review/ mixed components for the purposes of a study.

methods review

Overview Survey and characterise a body of literature.
Qualitative Themes or constructs identified across various qualitative studies and
systematic review/ presented in an integrative or comparative nature.

gualitative evidence

synthesis
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Review type Description

Scoping review Identifying the nature and extent of nature by means of a preliminary

assessment of the size and scope of literature.

State-of-the-art A review addressing current issues and offers a new perspective on an issue.
review An area for future research is often identified.

Systematic search Combines the benefits of critical reviews and a comprehensive search process
and review for best evidence synthesis.

Xiao and Watson (2019) conducted a study on the various methodologies for literature reviews
by means of a systematic search. The findings were categorised by the literature review typology.
For literature reviews intended to extend knowledge, a qualitative or mixed approach may be
followed. By focusing on a mixed approach, two review types are presented, namely a (1) critical
interpretative and (2) framework synthesis. For the purposes of the research, a mixed methods
review will be followed in order to formalise a literature-based framework with design requirements
orientated around the aim and objects stipulated in Chapter 1. An additional feature of this
particular SLR qualifies the type of review as state-of-the art, given the current framework

developed.
2.5.2 General SLR process

The three major phases fulfiled during a systematic literature review are (1) planning, (2)
conducting and (3) reporting of the review (Alexander et al., 2019:5). Boland et al. (2017:9)
provide a 10-step systematic literature review process for an SLR based master’'s dissertation

detailed as follows:

1. Planning the review — Considering time and resources to plan the SLR in its entirety
critically.

2. Defining search protocol — Perform scoping searches to identify background literature
to formulate a research question and set inclusion and exclusion criteria summarised by
a search protocol.

3. Literature searching — Identify academic evidence from bibliographic databases aligned
to the research question.

4. Screening titles and abstracts — ldentify relevant sources of literature by evaluating the
title and abstract with the research question and discard irrelevant literature.

5. Obtaining papers — Acquire the academic sources of literature that have been screened.
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Selecting full-text papers — Subject literature to the inclusion criteria defined in Step 2.
Data extraction — Summarise relevant information in tables and figures.

Quality assessment — Evaluate the methodological quality via a quality assessment tool.

© ©® N o

Analysis and synthesis — Critiqgue and synthesise the data using a narrative or meta-
analysis approach.
10. Writing, editing and disseminating — Detailing the background, method, results and

findings before drawing conclusions from the review and disseminating the findings.

There exist many other methods to scour and analyse existing literature. One of which, is an

applied thematic analysis (ATA).
2.6 Applied thematic analysis (ATA)

Applied thematic analysis (ATA) is a qualitative research approach used to investigate and identify
themes during the process of data analysis (Auerbach & Silverstein, 2003; Guest et al., 2012a).
This method identifies, analyses and reports patterns (themes) within qualitative data (Nikitas et
al., 2019).

Applied thematic analysis moves beyond explicitly evaluating texts and focuses on identifying and
describing both tangible and intangible phenomena, products, services or systems within the
data, which are become the emergent themes (Guest et al., 2012b; Liu et al., 2020). These
themes are typically represented by codes used in software programs used for textual analysis.
Forms of analysing this data can involve identifying code co-occurrence and graphically
representing the relationships between codes (themes) within the set of data (Guest et al., 2012b).

Applied thematic analysis has proven successful in analysis perceptions, words and phrases
regarding emergent technologies, governing structures and industries (Cooper et al., 2020; lyamu
et al., 2020; Liu et al., 2020).

2.7 Survey design

A survey helps describe the trends and opinions by studying a sample thereof (Creswell &
Creswell, 2017). It allows researchers to obtain information by engaging with a sample of

respondents from a defined population (Blair et al., 2013).

As discussed by Mangaroo-Pillay (2020:24), several authors stress the pertinence of reducing

measurement errors, emphasising ethical considerations (Bryman & Bell, 2016; De Vos et al.,
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2011; Fanning & Evaluation, 2005; Sinkowitz-Cochran, 2013). A solution to this is to ensure that
surveys conform to the following:

e Survey format should be uncluttered

e Instructions should feature in the survey

¢ A thank you message should be included at the end of the survey

o A pre-existing scale should be used for responses

e Statements should not be vague or ambiguous

e Statements should not be leading or persuasive

e Statements should not contain unexplained terms, jargon or acronyms

e Statements should be as few as possible, testing for the core aspects of a research study

e Statements should as short as possible

e Statements should not double-barrelled

e Grouping should be utilised for categorising statements

e Surveys should maintain anonymity and confidentiality of the participants

e Statements should be composed in simple and basic English, and presented at the
appropriate level

e Each statement should be relevant to the validation and verification process of a research

study

Some of these survey design requirements are incorporated into the verification of the survey,

discussed in Chapter 4.
2.8 Cronbach alpha

The Cronbach alpha statistic serves to test that a survey or questionnaire have been designed
accordingly, and that they are fit for purpose (Taber, 2018). It is deemed the most common
measure for internal consistency and reliability (Shamsuddin et al., 2015). The calculation of

the Cronbach alpha statistic is as follows:

k ZSZL'
xX= 1-
k-1 S?r

Equation 1 Cronbach alpha calculation according to Vale et al. (1997)

With k the number of terms, s2; the variance belonging to the ith term and s?; the total score
variance across the results obtained. The value of this statistic ranges between 0 and 1, where
the variance of the group sum is the sum of the variance of each independent variable . Should
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variable share a positive correlation, the sum of variance increases. In this way, we are able to
evaluate the internal consistency according to benchmarked values in literature. Table 8 serves
as an outline of the internal consistency ratings based on the Cronbach alpha level obtained.

Table 8 Cronbach's Alpha Rule of Thumb (Habidin et al., 2015; Shamsuddin et al., 2015)

Cronbach alpha level Internal Consistency

a >0.9 Excellent
0.8<a<0.9 Good
0.7<a<0.8 Acceptable
0.6<a<0.7 Questionable
0.55a<0.6 Poor
a<0.5 Unacceptable

The power of this will be used to confirm the construct validity and internal consistency belonging

to the survey results obtained in Chapter 3 and further discussed in Chapter 5, section 5.2.4.
2.9 Pressure-state response models

Pressure state response model (PSR) frameworks use indicators that can be used to represent
the pressures, transitional state and response within a particular setting (Levrel et al., 2008).
Ultimately, pressure-state response models and their indicators can be used to evaluate the
intuitive structures regarding pressures of human activities on environmental states, report on
political responses and decisions, manage interactions within economical spheres and formalise
environmental problems (Gomez et al., 2019; Levrel et al., 2008). For the purposes of further
contextualising the study using the supported literature from this chapter, Figure 15 serves as a

pressure-state model delineating the scope of this research further.
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The issue of GHG emissions is quantified in terms of COze, which has a global warming potential
associated with global warming. The rise in anthropogenic activities is dictated by growing human

needs and economic pressures related to the respective nature of Lean and Green paradigms.

The innate relationship between these two paradigms led to the new knowledge domain known
as Lean and Green. This is applied in various industries with various descriptors (performance
measures, computation methods, governance). Other industries aim to address this within
multiple sectors, at different levels using legislature and policies to enforce decisions made by
numerous stakeholders.

2.10 Chapter summary

As can be witnessed, this study is related to the human needs and anthropogenic activities across
various levels and recognises the principles which formed the Lean and Green paradigm. The
intricacies of this study tie to various attributes within this paradigm, which are to be explored in
the South African manufacturing industry. For the purposes of identifying the fundamental
elements for GHG reduction within the Lean and Green paradigm, a qualitative systematic
literature review and applied thematic analysis will be used. This approach is used to identify

themes and constructs which are pertinent to the establish of a framework. These attributes are
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to be further explored during the design, verification and validation of the Lean and Green GHG

emission reduction framework for the South African manufacturing industry.

This chapter provided the relevant literature with regards to Lean, Green and the Lean and Green
paradigm. In conjunction, the systematic literature review, applied thematic analysis and survey
design literature encapsulated within the research methodology were also investigated and
studied.
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Chapter 3

Systematic literature review and applied
thematic analysis

3 Data analysis: systematic literature review and applied thematic analysis

This dissertation uses an article-based approach, and this chapter presents the first article. The
title, purpose and findings of this manuscript are summarised as follows:

Title: A Literature-based conceptual Lean and Green framework for GHG emission reduction in

the manufacturing industry.

Abstract: Lean and Green is an emerging topic promoting higher levels of productivity while
simultaneously reducing the environmental impact of an organisation. Greenhouse gas (GHG)
emissions are an evident threat to environmental sustainability, and manufacturing companies
are tasked with adhering to best sustainable practices. In South Africa, the need to reduce our
environmental impact is of a greater concern than ever before with growing environmental
concerns stressed globally. However, no Lean and Green framework exists for guiding the
reduction of GHG emissions. Moreover, no initial starting point for such a framework are available

in literature.

This study therefore aims to formalise the design elements and themes of a Lean and Green
framework for GHG emission reduction within the South African manufacturing industry. A two-
stage hybrid methodology was followed, encompassing a systematic literature review (SLR) and

an applied thematic analysis (ATA) of 56 publications.

The design of this framework highlights pre-existing Lean and Green models, strategies, tools,
metrics and computational methods. The research findings present design elements for a

framework guiding the reduction of GHG emissions.

Submission: The content of this chapter was submitted to the Journal of Cleaner Production
August 2020. The manuscript was returned with feedback. At the time of concluding this
dissertation, the feedback was incorporated into a revised manuscript planned for future
submission. The sample of the codes generated in ATLAS.ti can be found in Appendix E.
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A Literature-based Conceptual Lean and Green framework for GHG
emission reduction in the manufacturing industry

Abstract

Lean and Green is an emerging topic promoting higher levels of productivity, while simultaneously
reducing the environmental impact of an organisation. Greenhouse gas emissions are an evident threat
to environmental sustainability, and manufacturing companies are tasked with adhering to best
sustainable practices. In South Africa, the need to reduce our environmental impact is of a greater concern
than ever. However, no Lean and Green framework exists for guiding the reduction of GHG emissions in
the country. Moreover, no design elements for such a framework are available in literature.

Therefore, the aim of this study is to formalise the design elements and themes of a Lean and Green
framework for GHG emission reduction within the South African manufacturing industry. A two-stage
hybrid methodology was followed, encompassing a systematic literature review (SLR) and an applied
thematic analysis (ATA) of the 56 publications.

The research findings present design elements for a framework guiding the reducing GHG emissions. The
design of this framework highlights pre-existing Lean and Green models, strategies, tools, metrics and
computational methods.

Keywords: Lean and Green, GHG emissions, design elements, Systematic Literature Review, Applied
Thematic Analysis, South Africa

1. Introduction

Greenhouse gas (GHG) emissions are ever-increasing (Yaman, 2019),and this is believed to pose a
detrimental effect on the environment (Zheng et al., 2019). Countries around the world have responded
to this dilemma. According to Bekun et al. (2019), South Africa is responsible for 42% of GHG emissions in
Africa in relation to its economic growth and energy usage. In an effort to reduce the carbon footprint,
South Africa (among several other countries) has become a signatory to the Kyoto Protocol in a conscious
environmental effort pledging to control GHG emissions (Gohar & Shine, 2007). Policy makers also formed
the Paris Agreement, seeking to hold the global average temperature increase below 2°C. Countries all
around the world have been confronted with this challenge of reducing the adverse impact on the
environment caused by anthropogenic activities (Sharma & Gandhi, 2016).

One of the measures taken by South Africa for this purpose is by legislation. The South African Carbon Tax
Act (No. 42483 of 2019) was promulgated in June 2019 (RSA, 2019). The purpose of the act is to provide
an imposition of tax on the carbon dioxide equivalent on industries that emit GHGs above a specified
threshold per activity. Beyond this effort to introduce carbon tax, however, a larger commitment is
needed for sustainable practises.

The principles of Lean and Green offers a new perspective on sustainable production, using its Lean traits
to instil continuous improvement from an environmentally responsible standpoint (Diies et al., 2013).
Research efforts have explored core enablers and barriers for the successful integration of these two
paradigms (Cherrafi et al., 2017; Farias et al., 2019a). Farias et al. (2019a) evaluated criteria and practices
for lean and green performance assessments by composing a literature-based framework, consequently,
deducing performance criteria and practises of Lean and Green.



A future research stream suggests researchers investigate sustainable practices which would lead to
increased performance with regards to specific operational and environmental criteria (Farias et al.,
2019a). The research provided in this paper extends on this idea, with a specific focus on GHG emissions
by investigating methods for quantifying and reducing emissions using Lean and Green. In South Africa,
Davies (2016) developed a framework to reduce water and energy consumption using a water and energy
value stream mapping approach. However, energy consumption is one approach used to quantify GHG
emissions. Until now, no research has focused on reducing GHG emissions by means of Lean and Green in
the South African context.

Therefore, the aim of this study is to formalise design elements and themes which guide GHG reduction
by means of Lean and Green.

This paper is divided into five sections. Section 2 explains the Lean and Green paradigm, while section 3
outlines the research methodology used to extract the 5 design elements codified through applied
thematic analysis. The findings and discussions of each element is detailed in section 4 together with the
proposed framework. Finally, conclusions and future recommendations are presented in section 5.

2 Lean and Green overview

Lean is a process improvement philosophy which defines 8 types of “waste” (inefficiencies) that one
aspires to reduce or eliminate in its pursuit for efficiency. The term “lean production” first appeared in
1988, and has proven its ability to improve efficiencies in numerous industries (Modig & Ahlstrom,
2012:76-78). Lean has been applied in supply chain, management, company culture, healthcare and other
service industries (Aherne & Whelton, 2010; Chen et al., 2013; Gupta et al., 2016; Mangaroo-Pillay et al.,
2019). Its success in manufacturing and service industries is unparalleled. Green is concerned with the
societal needs and values in a manner that minimises the environmental wastes of the entire system
(Zokaei et al., 2017a). The application of its principles are witnessed in business models, construction,
transportation, IT and manufacturing industries around the world (Deng et al., 2017; Duarte & Cruz-
Machado, 2013; Orji & Wei, 2016; Seth et al., 2016).

Within the lean paradigm, the combination of lean and green principles have emerged in modern
literature (Abreu et al., 2017; Leme et al., 2018; Wiese et al., 2015). Research communities have
underlined the similarities between lean and green principles. Where green initiatives measure
environmental performance measures to limit resource consumption levels and GHG emissions, lean
principles strive for zero waste, higher levels of productivity and customer value satisfaction. Lean-and-
green principles comprise of both lean and green manufacturing characteristics in order to sustain
natural ecosystems and society without compromising productivity (Brecht, 2012:47).

As previously discussed in section 2.1, the manufacturing industry will be used to conceptualise the
design elements and themes required for GHG reduction. In order to achieve this, the research method
(outlined in section 3) was followed.



3 Research method

For this study, a hybrid research method was executed, integrating a systematic literature review (SLR)
and an applied thematic analysis (ATA) in two sequential stages. The transition between the search results
and coded themes are depicted in Figure 1. During the ATA, the quotations coded from the various
literature sources are distilled into 5 themes.
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Literature Review
(SLR)

Database search
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Duplicated results

Title & Abstract
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Figure 1 — Publication selection & data extraction process

As illustrated in Figure 1, the research method encompasses two distinct stages. Section 3.1 discusses the
Systematic Literature Review, while the ATA is explained in section 3.2.

3.1Stage 1: Systematic literature review

An SLR is an explicit and reproducible technique for identifying, evaluating and synthesising existing
sources of literature developed by academic scholars and practitioners (Fink, 2019). It was used to obtain
full-text publications relevant to the aim of this study. The SLR process by Boland et al. (2017:9) is



comprised of the following steps: (1) Planning the review, (2) Defining search protocol, (3) Literature
searching, (4) Screening titles and abstracts, (5) Obtaining papers, (6) Selecting full-text papers, (7) Data
extraction, (8) Quality assessment, (9) Analysis and synthesis and (10) Writing, editing and disseminating
the findings. However, due to the nature of this study, the last 4 steps were combined and substituted
by an applied thematic analysis (discussed in section 4). This modification was made in order to formalise
design elements for the Lean and Green GHG reduction framework presented in section 4.6.

During the planning step of the SLR, literature was scoured to enrich knowledge and understanding of the
subject matter. The search protocol was formalised in Table 1, indicating the different components,
selection and rationale followed.

Table 1 - Research search protocol

Component Selection Rationale

Keywords Lean, Green, Framework, Model, Tax, South Key terms relevant to the purpose of
Africa, emissions the study

Platforms Science Direct, Web of Science, Emerald Insight Reputable platforms for high-quality

Search strategy

Time-frame

Inclusion criteria

Exclusion criteria

and Scopus

“Lean and Green” AND ("Framework" OR
"Model" OR "Tax" OR "South Africa" OR "*
emission*")

2015-2019*

e Review/Research articles or papers in
English

e  Focus on GHG emissions

e  Within Lean and Green research field

e  Must conform to time-frame
Publications focused solely on: logistics, supply
chain performance assessment, risk analysis,
product-service design systems, renewable
sources, urban planning, construction, six sigma,
transportation, IT or green computing

journals accessible to researchers
Boolean expressions used for search
results more relevant to the purpose
of this study

Deemed the most appropriate time-
frame for state-of-the-art literature
and literature most relevant

Ensure the academic integrity and
quality of literature is withheld

Refine academic search results for
publications most relevant to the
nature of this study

*Includes articles that have been accepted for publication before September 2019, but are only available online

The search protocol was used to screen literature and obtain the papers which adhered to the inclusion
criteria. The list of the selected publications is detailed in Table 2.

Table 2 - Full text publications selected in study

‘ No. ‘ Author Title
1 Ramosetal. A lean and cleaner production benchmarking method for sustainability
(2018) assessment: A study of manufacturing companies in Brazil
2  Garza-Reyes et A PDCA-based approach to Environmental Value Stream Mapping (E-VSM)
al. (2018b)
3 Pangand Achieving environmental sustainability in manufacture: A 28-year bibliometric

Zhang (2019)

4 Leongetal
(2019)

cartography of green manufacturing research

Adaptive analytical approach to lean and green operations



‘ No. ‘ Author

Title

5

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Farias et al.
(2019b)
Edtmayr et al.
(2016)
Choudhary et
al. (2019)

Zhu et al.
(2019)

Fu et al. (2017)

Sartal et al.
(2018)
Belhadi et al.
(2018)

Leme et al.
(2018)

Farias et al.
(2019a)

Das and
Jharkharia
(2019)
Zokaei et al.
(2017)
Caldera et al.
(2018)
Caldera et al.
(2017)
Cherrafi et al.
(2019)
Mufioz-
Villamizar et
al. (2019)
Szymaniska-
Bratkowska
and
Malinowska
(2018)

Ng et al.
(2015)

Yun et al.
(2019)
Jakhar et al.
(2018)
Marco-
Ferreira et al.
(2019)

An ANP-based approach for lean and green performance assessment

An Approach to Integrate Parameters and Indicators of Sustainability Management
into Value Stream Mapping

An integrated lean and green approach for improving sustainability performance: a
case study of a packaging manufacturing SME in the U.K.

Application of green-modified value stream mapping to integrate and implement
lean and green practices: A case study

Applying the green Embedded lean production model in developing countries: A
case study of china

Are all lean principles equally eco-friendly? A panel data study

Benefits of adopting lean production on green performance of SMEs: a case study

Creating value with less impact: Lean, green and eco-efficiency in a metalworking
industry towards a cleaner production

Criteria and practices for lean and green performance assessment: Systematic
review and conceptual framework

Effects of low carbon supply chain practices on environmental sustainability

Environment is free; but it’s not a gift

Exploring the characteristics of sustainable business practice in small and medium-
sized enterprises: Experiences from the Australian manufacturing industry
Exploring the role of lean thinking in sustainable business practice: A systematic
literature review

Green and lean: a Gemba-Kaizen model for sustainability enhancement

Green value stream mapping approach to improving productivity and
environmental performance

Improving company's environmental performance through Green Lean approach

Integrating and implementing Lean and Green practices based on proposition of
Carbon-Value Efficiency metric
Interactions in sustainable supply chain management: a framework review

Is lean synergistic with sustainable supply chain? An empirical investigation from
emerging economy
Lean and Green: practices, paradigms and future prospects



‘ No. ‘ Author

Title

25

26

27

28

29
30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

BR et al.
(2016)

Henao et al.
(2019)

Fercoq et al.
(2016)
Bhattacharya
et al. (2019)
Ball (2015)
Fischer et al.
(2015)
Carvalho et al.
(2017)
Barbosa-Pdvoa
etal. (2018)
Yeo et al.
(2016)
Bhupendra
and Sangle
(2016)

Teng et al.
(2019)

Caiet al.
(2019)

Kumar et al.
(2015)
Moussa et al.
(2017)
Ambekar et al.
(2019)
Greinacher et
al. (2015)
Gong etal.
(2019)
Zackrisson et
al. (2017)
Kumar and
Rodrigues
(2018)
Jawahir and
Bradley (2016)
Piyathanavong
et al. (2019)
Garza-Reyes et
al. (2018a)

Lean management — a step towards sustainable green supply chain
Lean manufacturing and sustainable performance: Trends and future challenges
Lean/Green integration focused on waste reduction techniques

Lean-green integration and its impact on sustainability performance: A critical
review

Low energy production impact on lean flow

Method for Selecting Improvement Measures for Discrete Production
Environments Using an Extended Energy Value Stream Model

Modelling green and lean supply chains: An eco-efficiency perspective

Opportunities and challenges in sustainable supply chain: An operations research
perspective

Planning for Environmental Sustainability Improvements — A Concept based on
Eco-Efficiency Improvement

Pollution prevention strategy: a study of Indian firms

Principal component analysis-aided statistical process optimisation (PASPO) for
process improvement in industrial refineries

Promoting sustainability of manufacturing industry through the lean energy-saving
and emission-reduction strategy

Review of Green Supply Chain Processes

Reviewing the use of the theory of inventive problem solving (TRIZ) in green supply
chain problems
Role of culture in low carbon supply chain capabilities

Simulation Based Assessment of Lean and Green Strategies in Manufacturing
Systems

Sustainability investments and production planning decisions based on
environmental management

Sustainability Performance Indicators at Shop Floor Level in Large Manufacturing
Companies

Synergetic effect of lean and green on innovation: A resource-based perspective

Technological Elements of Circular Economy and the Principles of 6R-Based Closed-
loop Material Flow in Sustainable Manufacturing

The adoption of operational environmental sustainability approaches in the Thai
manufacturing sector

The effect of lean methods and tools on the environmental performance of
manufacturing organisations



| No. ‘ Author

Title

47

48

49

50

51

52

53

54

55

56

Amrina and
Zagloel (2019)
Dieste et al.
(2019)

Hartini and
Ciptomulyono
(2015)

Piercy and
Rich (2015)
Garza-Reyes et
al. (2018c)
Martinez Ledn
and Calvo-
Amodio (2017)
Singh et al.
(2017)
Angelis-
Dimakis et al.
(2016)

Thanki and
Thakkar (2016)
Kurdve et al.
(2015)

The Harmonious Strategy of Lean and Green Production: Future Opportunities to
Achieve Sustainable Productivity and Quality

The relationship between lean and environmental performance: Practices and
measures

The Relationship between Lean and Sustainable Manufacturing on Performance:
Literature Review

The relationship between lean operations and sustainable operations

Total quality environmental management: adoption status in the Chinese
manufacturing sector

Towards lean for sustainability: Understanding the interrelationships between lean
and sustainability from a systems thinking perspective

Towards zero waste manufacturing: A multidisciplinary review

Value chain upgrading in a textile dyeing industry

Value—value load diagram: a graphical tool for lean—green performance
assessment

Waste flow mapping to improve sustainability of waste management: a case study
approach

Using the search protocol (Table 1), 56 Publications were selected after full text screening. An
independent researcher served as a primary reviewer in verifying the search results obtained during the
SLR. During the verification process, all the keywords and titles from the 547 publications were screened
and filtered, reproducing the same corresponding set of 56 publications used in this study. Figure 2
illustrates the distribution of these selected publications between 2015 and 2019.
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Figure 2 — Distribution of publications per year



The academic interest in Lean and Green is made evident by the increasing distribution of publications
under the conditions of the search strategy deployed in this study. In broader contexts, the following table
demonstrates the increased publications when searching the term “Lean and Green” from 2012 to 2019
across the same databases.

Table 2 — Increasing trend in Lean and Green research

Year Scopus Emerald Insight Web of Science  Science Direct Total
2012 10 17 3 11 41
2013 21 7 3 15 46
2014 31 18 9 33 91
2015 14 20 8 34 76
2016 35 30 12 37 114
2017 21 25 10 48 104
2018 31 55 21 58 165
2019 42 74 25 44 185

Asvoiced in Table 2, 2013 saw a sudden decrease in Lean and Green research published in Emerald Insight,
which could be subject to fluctuating embargo periods across certain journals which fall under the
publishing house. Despite the abnormality in the year 2015 and 2017 across all databases, one can see an
increasing cumulative increase in Lean and Green research. This increase may suggest that the advantages
of this new paradigm are becoming popular with more research publications reaching scholars and
practitioners.

The second stage of the hybrid methodology, the applied thematic analysis (ATA), was used for analysing
the selected publications. An overview of this stage is discussed in the following section.

3.2 Stage 2: Applied thematic analysis

ATA is a form of qualitative research performing data analysis in order to identify and investigate
identified themes (Auerbach & Silverstein, 2003; Guest et al., 2012). The ATA facilitated the data
extraction, analysis and synthesis of the literature. The full-text papers were subjected to coding within
ATLAS.ti software for textual analysis.

During the data extraction process, seven sub-themes were identified and further distilled into five
themes (Castleberry & Nolen, 2018:6-7; Coetzee et al., 2019; Stafford et al., 2009). During this process,
relevant key words, equations, figures and sentences were translated as design elements within each of
the themes. These themes each contain design elements for the Lean and Green GHG reduction
framework discussed in section 4.5.

During the analysis, the relationship between each of the 5 themes and their design elements were
critiqued. Here, the trends and discussions from academic scholars were used to map the relationships
illustrated in the framework.

For the synthesis of the literature, the conceptual Lean and green framework for GHG reduction
consolidates all of the relevant literature for the purposes of this study.



4 Findings and discussions

The aim of the study was to formalise design elements and themes for GHG reduction by means of Lean
and Green. A SLR and an ATA was used to scour state of the art literature, extract, analyse and
synthesize the findings. This section presents the details from each of the five themes formalised during
the ATA, which will be used to develop the conceptual GHG reduction framework:

o Theme 1: Computational methods (Section 4.1)

. Theme 2: Metrics (Section 4.2)

. Theme 3: Methods, tools and strategies (Section 4.3)
. Theme 4: Legislation or policies (Section 4.4)

. Theme 5: Pre-existing frameworks (Section 4.5)

The following subsections discusses these themes with their respective design elements. These findings
were used to further conceptualise the Lean and Green framework for GHG reduction introduced in
section 4.6.

The following subsections discusses these themes with their respective design elements. These findings
were used to further conceptualise the Lean and Green framework for GHG reduction introduced in
section 4.6.

4.1 Computational methods

Computational methods are used to calculate and study complex systems. The array of computational
methods found during the SLR have been documented in Table 4 with the generalised approach and
computation method observed. The parenthetical numerals correspond with the full-text paper
numbers outlined in Table 2.

Table 4 - Summary of Theme 1: Computational methods

Approach Computational methods Paper

Analytical Optimisation (3;4;29;32;35;37)
Fuzzy logic (3)
Structural equation modelling (SEM) (8)
State space modelling (36)

Statistical Design of Experiments (27;33)
Simulation (2;3;68;32;40;48)

Standardised GHG guidelines (6;14;42)

guidelines Carbon footprinting (4;6;7;14;21;28;33;40)
Input - output analysis (3;38)

Financial Cost profiling (40)
Data Envelopment Analysis (3)

According to the results from Table 4, the most popular computational methods include optimisation,
simulation and carbon footprinting. Optimisation methods included genetic algorithms, metaheuristics
and multi-objective optimization (Taddeo et al., 2019). Optimisation and simulation methods require



large datasets, whereas carbon footprinting serves as an efficient alternative for calculating carbon
emissions in the absence of adequate data (Angelis-Dimakis et al., 2016). Several advanced carbon foot-
printing and eco-efficiency methods evaluate process activity chains or activities for an in-depth analysis
across each production stage (Ng et al., 2015). Many of these models evaluate an assortment of
performance measures — each with their own desired outcome. Based on the circumstances of pre-
existing data, the urgency and complexity of the problem pertaining to GHG emissions, an appropriate
computational approach must be selected.

Many optimisation models incorporate models which are driven to solve for optimum solutions with
regards to financial, productivity or environmental performance measures. Several models factor
emissions as a constraint or use financial costs, energy, industrial discharge to quantify emissions.
Examples of computational methods include standard optimisation models (Harris et al., 2014; Kumar et
al., 2015), structured equational modelling (SEM) for environmental performance or state space
modelling (Cai et al., 2019).

A simulation imitates the operation and behaviour of real-world processes or systems using models
developed to run over time (Banks et al., 1996). Some of these methods can be used to amplify the
accuracy of certain environmental performance measures. Greinacher et al. (2015) developed a
simulation factoring energy consumption and eco-efficiency values with an I/T/O model for cost time
profiling. The output measures the cost-time profiles and CO2-cost profiles per machine process. The
simulation provided detailed analysis of times, costs, energy and material efficiency of a manufacturing
system. With reasoning from this, time, costs, energy and material consumption are critical parameters
for computing GHG emissions.

Design of experiments (DoE) was another statistical approach witnessed in the literature. Design of
experiments is an empirical approach for the purposes of screening, understanding, improving and
optimising a system (Montgomery, 2013). DoE can be used to understand variable effects, their
interactions and their influence on a specific performance measure. In a study conducted by Teng et al.
(2019), DoE was used to determine and reduce the effects of emission related variables in order to ensure
environmental performance. However, Design of experiments is not exclusive to variable significance
testing. Following a methods based analysis, Fercoq et al. (2016) used design of experiments to measure
solid waste management performance using the influence of different Lean and Green.

Emissions can be quantified using the process and module (Greinacher et al., 2015:4). A standard carbon
footprint is calculated using the product of the average consumption of a resource from an activity and
its standard emission factor (Choudhary et al., 2019:5). GHG guidelines include I1SO 14 067, Defra 2010,
PAS 2050 and the Greenhouse Protocol. The Department for Environment, Food and Rural Affairs (DEFRA)
of the UK have urged people to live more sustainable since 2005 (Eppel et al., 2013). DEFREA also provides
businesses with guidelines for reporting energy usage and GHG emissions according to energy and carbon
reporting standards. Such protocols have enabled organisations and environmental agencies to create
and adhere to sustainability initiatives. It is therefore pivotal that any environmental regulatory body,
country or organisation must be guided by GHG protocols or standards.

While various approaches are used to calculate, monitor or improve productivity in an environmentally
conscious manner, no preferred method was observed. Certain analytical approaches adopt a complex
computational method to address environmental performance, whereas other methods rely purely on
guidelines. Several authors combine numerous metrics, but most of the computational methods factor an
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efficiency or environmental measure quantified according to time, CO2 or its financial cost. In contrast, a
new or previously acclaimed metric is often consulted - as discussed in the following section.

4.2 Environmental Metrics

Metrics are used to link the strategy and form of execution of an organisation in order to create ultimate
value (Melnyk et al., 2004). This subsection considers the environmental metrics pertaining to GHG
emissions (Table 5). This table coincides with the textual data coded in ATLAS.ti. Each of the
environmental metrics are associated with the text that appeared in the paper numbered referenced in
the rightmost column. Furthermore, categories were created in order to class each metric under their
collective purpose or idea.

Table 5 — Summary of Theme 2: Environmental metrics

Category Environmental Metric Paper no.
CO, Carbon efficiency (4;8)
Carbon footprint (COe/ton) (3;4;6;13;14;22;25;26;41)
Carbon value efficiency (13;19;21)
Low carbon capabilities (39)
Carbon intensity (10;39)
Carbon dependency (39)
Carbon exposure (39)
Carbon risk (39)
Cost assessment (32)
Emissions ~ VOC emissions (26;27)
Energy Energy consumption (Kwh/h) (2;3;5;11;14;16;17;19;22;26;36;39;52)
Energy efficiency (40)
Energy performance score (EPS) (22)
Efficiency  Eco-efficiency (12;22;23;31;54)
Productivity (21;26)
Operational efficiency (22)
VSM value adding/non-value adding time (13;19)
Financial Product labelling cost (22)
Operational cost (26;32)
Net economic output (NEOI) (53)
Indices Lean-green indices (4;5;21)

Based on the findings obtained from the publications selected in this research, Table 5 suggests that
academic scholars considerCO,e/ton as a potential metric. This is owed to its CO, policy reporting
functionality, but also for its opportunity to create new performance measures that can be monitored to
improve environmental efficiency.

Ultimately, the carbon footprint can be used to assess the performance of a green supply chain (BR et al.,
2016:5). According to Leong et al. (2019:3), the carbon footprint is a key component when measuring
environmental effects. Das and Jharkharia (2019:6) suggest that a carbon footprint analysis calls for
systematic tools and methodologies. Examples of such tools include SCEnAt and SimaPro, which can be used
for life cycle analysis across the entire supply chain. In this way, organisations can also rely on existing
software programs to facilitate or enable them to achieve GHG reduction in their industry.
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A CO: footprint indicator is a consumption-based indicator describing GHG emissions from human
activities. The CO2 emission can be calculated using the operational hours, the energy or resource usage
by a machine and the GWP of the component (Leong et al., 2019:9). The CO: footprint indicator can still
be used for other GHG’s by reverting to the CO2 equivalent. Mitigation strategies driven by this indicator
has proven to be efficient with regards to cost reduction (Alvarez et al., 2016). A COz metric can thus
serve as a guide for organisations to conceptualise and deploy environmental strategies which improve
their operations.

Energy consumption presents itself as a sound means to measuring sustainability. Das and Jharkharia
(2019:5) argue that the audit and analysis of energy consumption during production has an indirect
benefit on GHG emission reduction. The energy intensity also provides an alternative perspective on
energy efficiency using its ratio between energy consumption and GDP of a country (Zha et al., 2019).
The energy intensity and cost per unit manufactured share an inverse relation (Davies, 2016:28).
Therefore, an attempt to save on the cost per unit can be reached by increasing the energy intensity,
thereby improving the energy efficiency and reducing GHG emissions.

A low carbon supply chain aims to reduce the total carbon footprint by analysing the procurement,
manufacturing, storage, logistics and recycling stages within the supply chain (Das & Jharkharia, 2019).
The focus of a low carbon supply chain is to reduce energy consumption, pollution, and emissions by
improving the efficiency of direct or indirect activities. In order to categorise carbon capability, the
corporate carbon performance is studied. This can be segmented into the carbon intensity, carbon
dependency, carbon exposure and carbon risk. The Supply Chain interactions and management
become vital contenders for a GHG reduction framework.

The carbon intensity measures the quantity of CO2 expressed as the amount of carbon per US dollar
(Bank, 2019). According to Ambekar et al. (2019), the carbon intensity is dependent on the low carbon
practises used within a supply chain as its’ targets govern the degree of carbon dependency. Ultimately,
carbon emission reduction leads to a reduced level of carbon emission which improves the carbon
intensity of an organisation.

The carbon risk approximates the changes in an organisation’s degree of carbon exposure (Hoffmann &
Busch, 2008). A low carbon supply chain is reliant on members aware of their carbon risk by limiting their
carbon exposure. Furthermore, carbon performance targets must be met by understanding carbon
dependencies, increasing the carbon intensity and introducing low carbon practises. Within a
manufacturing environment, this can be met by using environmental performance measures that
members within an organisation are all familiar with.

Once the desired metric(s) and computational method is selected, the next step is to deploy an
appropriate method or tool using a strategic approach. The next section will discuss various Lean and
Green methods, tools and strategies discovered during the ATA.

4.3 Lean and Green methods, tools and strategies
In order to facilitate GHG reduction, various Lean and Green tools and methods could be considered. For
the effective implementation thereof, a clear strategy needs to be conceptualised (Bhupendra & Sangle,
2016). Table 6 summarises strategies associated with respective tools and methods used to reduce GHG
emissions, as revealed during the ATA. Some of these aspects also pertain to knowledge domains which
share similar objectives to the Lean and Green paradigm.
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The principles of waste management via 3R (Reduce, Reuse, Recycle) has established a reputation for
strong lean waste reduction, so much so that it is considered a main practise within Lean and Green
(Fercoq et al., 2016; Piyathanavong et al., 2019). Developing a recycling policy within organisations
reduces the carbon footprint per product. Another strategic approach which indirectly reduces GHG
emissions, is through energy efficiency, reduced VOC usage, evaporative based cooling systems and low
power lighting systems (BR et al., 2016).

For pollution prevention, the environmental driving force is to reduce emissions, effluents and waste.
Whereas continuous improvement (Cl) is stipulated as the key resource with the competitive advantage
being reduced costs. The suggestion of Cl alludes to kaizen being a contributing factor in the pursuit of
GHG reduction.

The understanding of pollution prevention policies and their results affect the success rate of projects
within a company (Bhupendra & Sangle, 2016:5). Management levels of organisations must provide
sufficient training and understanding across the entire organisation for an effective strategy to realise.
The three lean methods closely associated with emissions management are value stream mapping,
TPM and the flow principle (Caldera et al., 2017:9). The use of traditional VSM and environmental VSM
was ever-present during this research. VSM can be used in its traditional sense, combined with new
performance metrics and environmental measures, or be supported by software for thorough insight.
However, it is believed that the traditional indicators of the VSM tool do not correctly associate
productivity with environmental factors (Mufioz-Villamizar et al., 2019:5). Dieste et al. (2019) advises
that applying or adapting VSM unveils environmental opportunities which harmonise with kaizen, 55
and supply chain management.

In spite of lean facilitating 5S and TPM, it is thwarted by regulations which hamper environmental
practices (Martinez Ledn & Calvo-Amodio, 2017). Therefore, to overcome this challenge, regulations
need to be recognised as part of any organisations vision and more importantly, part of any
improvement initiative.

Examples of adapted Value Stream Mapping tools include the Environmental Value Stream Map (E-VSM)
(Garza-Reyes et al., 2018b), green-modified value stream map (Zhu et al., 2019), sustainable value
stream mapping (SVSM) (Sartal et al., 2018), material-value stream mapping (MVSM) (Fu et al., 2017)
and waste management using VSM (Edtmayr et al., 2016). Other VSM adaptations shift their focus on
emissions more extensively. A carbon-value efficiency VSM (CVE-VSM) by Ng et al. (2015) demonstrated
a 29.9% carbon footprint reduction using time and carbon efficiency. In order to follow Lean and Green
practises, a form of performance mapping is required to create meaningful value.

Within the Lean and Green paradigm, much research is invested in understanding conflicting practises in
accordance to Lean and Green (Zokaei et al., 2017). The lean tool with the most significant
environmental effect is just in time (JIT) with regards to replenishment frequencies. JIT enforces low
inventory levels with more frequent transportation, ultimately creating pollution and reduced
environmental performance due to CO2 emissions and additional packaging (Dieste et al., 2019;
Martinez Ledn & Calvo-Amodio, 2017; Sartal et al., 2018).
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Table 6 — Summary of Theme 3: Tools and methods strategy for GHG reduction

Strategy Method or Tool

Maximise Increased resource Resource based view Reduce material consumption = Maintenance (46): TPM
resource consumption (26;37) (43) during production (14;37) (8;11;13;16;28;46,48;49;52)
efficiency

(3,26,34)

Policy analysis Implement ISO 14 000 (14) Environmental Energy auditing (13;23) Environmental audit (34)
(3,23) compliance (23)

Supply chain Supplier training and Minimising inventory Replenishment frequency Reduce lead time (13)
management assessment (14) (13;27) (27;52)

Low carbon Environmentally friendly Low carbon purchasing  Emissions trading, carbon

practises (14) purchasing (14;25) (14) credit investment (17)

Technology End-of-pipe control Technology transfer New technology (20;32) Cleaner technology strategy  Group

evolution (9)

Environmental
management
practices
(9,13,14,17,25,
45)

People
management
(17)

Harmonious
manufacturing
(Monozukuri)
(15)

CSR (22, 48)

Carbon
footprinting
(CF) analysis
(25)

technology (14)

EMS (14; 31) certifications
(11)

Top management support
(14)

Cleaner production
(1;3;17;38;45)

Managing Triple Bottom Line
(14;27;28;39)
Categorise CF per unit (25)

(14)

Waste flow mapping
(17;21;56), Green
Performance Mapping

(42)

Management helix
(Smith et al., 2010) (17)

6R-based Closed-loop
Manufacturing (44)

Performance across
each TBL pillar (26)
Life Cycle Analysis

(45;53)

Sustainable/Environmental
Value Stream mapping
(2;4;8;9;10;17;19;21,28;30;35;
55)

Respect for people (RFP) (10)
and lean management (28)

Cellular manufacturing
(1;13;17;47;49)

CF accounting (14)

(CTS) (34)

technology

(13)

Housekeeping practises (13;34): 55
(1;11;13;16;19;43;46;47,48;49;50;52)

Leadership and people
involvement (13;18;34),
employee engagement (17)

Human
Resource
Management
(48)



Strategy

Method or Tool

Energy
efficiency
(29,36)
Sustainable
business
practices (45)
Environmental
emissions

Traditional
Lean

Traditional
Green

Quality
measures

Other
strategies, tools
and methods

Reduced energy
consumption (16;17;32)

Circular economy (45;46)

Emissions management (17)

Kaizen event (1;16;18;
21;28;43;46;47;48;51)
Input-output analysis (3;40)

TQM (13;48)

LESER (36)

Ishikawa (21)

(EPA) Lean and

environmental toolkit

(2;28)

Natural- Resource-

Based View (16)

LESER (36)

VSM

(1;7;13;17,46;47,48)

Re-cycling of wastes
(16;22;25;36;43;44,51)

TQEM (51)

Carbon- value

efficiency methodology

(17)

TRIZ (38)

Energy analysis (14)

Green marketing (39) &
Knowledge sharing (14)

EEC (5;13;36)

JIT (7;9;10;12;45;47;51)

Waste hierarchy (13;27;45;53)

& Waste Management (39)

5 Why (16)

A3 report (15;16)

Regenerative development
(16)

Emission reduction
strategies (2;14)

Jidoka (10), Gemba (18) &
Kanban (11;52)

Eco-efficiency improvement
(33)

Standardised work (1;50)

Strategic planning, affinity
diagram (18)

Benchmarking

(1)

Emission
identification
(2)

SMED
(12;13,48;49;5
2)

Impact ease
matrix (18)

PDCA (16)

15

SWOT (35)

Pull
approach
(17)

Competing
values
framework
(Cvs) (39)



Martinez Ledn and Calvo-Amodio (2017:8) found that one-piece flow, JIT, SMED, Andon, Kanban and mass
customisation create negative environmental effects due to no reduction in CO2 emissions or its increase in
waste or energy consumption. In contrast to this opinion, the effect of JIT can facilitate reduced CO:
emissions. This is owed to the lower levels of energy consumption due to less storage space reliant on
support facilities. Lower inventory levels reduce obsolete products which could have posed a threat the
environment. This includes industrial discharge and Volatile Organic Compounds (VOCs).

A survey questionnaire by Garza-Reyes et al. (2018a) captured 250 responses noting the effects of lean tools
on environmental performance within manufacturing industries globally. The lean tools studied were JIT,
automation, kaizen, TPM and value stream mapping. Using structured equational modelling (SEM), it was
found that TPM and JIT share a strong correlation to environmental performance in terms of pollutant
releases. The findings by Garza-Reyes et al. (2018a) advise manufacturing organisations to use TPM as a first
resort and suggest that automation and VSM will not improve environmental performance. This strengthens
the reasoning behind researchers adapting VSM within an environmental context, stressing its high potential
in improving environmental and operational efficiency.

Maintenance and housekeeping are closely linked with reducing direct and indirect emissions during
production. TQEM strives to eliminate waste and pollution by assimilating TQM principles and
environmental strategies (Garza-Reyes et al., 2018c). General housekeeping practises such as 5S allow
for easy waste identification. Many scholars have expanded on this concept by introducing 7S, a
housekeeping practise which encompasses 5S with safety and sustainability. The combined use of
VSM and 7S in a study by Vinodh et al. (2011) revealed that the principles are complementary, and its
collective effort leads to environmental preservation. Therefore, housekeeping and maintenance are
considerable elements for the GHG reduction framework.

In an extensive bibliometric analysis of 220 papers by (Pang & Zhang, 2019), research was
categorised according to aspects assessing decision levels within the environmental pillar. From this
pillar, CO2 served as the most recursive aspect assessed with 28% of all the papers using CO2 to drive
strategic decisions, 7% on a tactical level and 1% on an operational level. This suggests that CO2
studies provide the greatest aid to organisations on a strategic decision level more than any other.

Cleaner production (CP) serves as an opportunity to reduce environmental impacts (Ramos et al., 2018).
CP integrates economic, environmental and technological strategies to products and processes in order
to increase resource efficiency. According to Ramos et al. (2018), CP reduces raw material consumption
and creates ease of compliance with environmental legislation. Some organisations also redirect
decisions according to a cleaner technology strategy (CTS). CTS focuses purely on production and
consumption to reduce negative effects onto society and the environment (Bhupendra & Sangle, 2016).
Investing in new technologies has proven to reduce air emissions, provide cost savings and create a
better working environment (Szymanska-Bratkowska & Malinowska, 2018).

A benchmarking method suggested by Ramos et al. (2018:4) provides a deeper understanding of a
company’s activities in relation to cleaner production. Questionnaire results revealed that companies
with only ISO 9001 displayed less adherence to cleaner production processes, as opposed to those were
both ISO 9001 and ISO 14 001 certification. These findings suggest that the combination of the two
international standards are more beneficial and aid organisations in achieving cleaner production status.

Circular economy (CE) theory focused on restorative or regenerative industrial systems which use a
value retention process in order to maintain materials, resources and minimise waste (Haupt & Hellweg,



2019). According to Kristensen and Mosgaard (2020), the association between CE and sustainability are
one of the following three forms, that CE is (1) a condition for sustainability, (2) share a beneficial or (3)
compensatory relationship. Countries such as South Africa, the UK, Thailand and India have made use of
circular economy for its cost reduction properties (Garza-Reyes et al., 2018a; Mativenga et al., 2017,
Piyathanavong et al., 2019). Thus, Circular Economy principles can be considered as a design element
for GHG reduction in the South African manufacturing industry.

Another novel approach to GHG reduction is the carbon culture of an organisation. The use of this
philosophy allows organisations to obtain low carbon capabilities by understanding and basing
strategic decisions according to their carbon culture and determinants.

The vast array of strategies shows the numerous strategic directions organisations could follow to
reduce GHG emissions. Each strategy relies on a financial component, a degree of regulatory
compliance, elements from an established set of principles, a methodology or highly specific subject
matter. In order to identify forms of regulatory compliance, various legislation and policies were
retrieved during the ATA and discussed in the following section.

4.4 Legislation or policies

Product quality and regulations guide manufacturing organisations in making responsible decisions. ISO
14 000 serves as an international standard used to stipulate the requirements for an environmental
management system (Das & Jharkharia, 2019; ISO, 2015). Table 7 demonstrates the findings from the
ATA with regards to legislation and polices.

Table 7 — Summary of Theme 4: Legislation or policies

Form of legislation Paper no. Objective

Policies (3) Guidelines proposed by an institution or agency

Carbon trading & Carbon  (39) Trading credits for COemissions or incurring tax

tax obligations

ISO 9000 (28;46;49;50;51) International standards on quality management

ISO 9001 (1;28;43) Quality management systems based on customer
satisfaction (Souza & Alves, 2018:5)

ISO 14 000 (1;9;14;22;28;45;50) Environmental management systems for

ISO 14 001 (1;5;13;14;22;23;24;31;34;49) environmental performance which includes

1SO 14 064 (41) greer.whouse gases, ca.rbo‘n footprint of .p.rod.ucts,

IS0 14 067 (14:33) reqwremgnt§ and gwdel‘lr?es for quantification,
communication and auditing

15O 14 004 (25) Guidelines for environmental auditing

ISO 14 010 (25)

ISO 14 011 (25)

ISO 14 012 (25)

ISO 50 001 (10;43) Energy management system standards

A form of carbon governance is perpetuated by environmental management systems (EMS). Another
means to reducing carbon emissions is achieved using a carbon trading strategy. This involves carbon
exchanges certified by emission reduction authorities (Gong et al., 2019). Carbon trading schemes allow
organisations to offset their reported carbon footprint using this method. Due to its controversy
misaligned with Lean and Green principles, carbon trading was not considered as a potential design
element for the GHG reduction framework.
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The product category rules of ISO 14 067 provide creditable GHG reporting methods for auditing
purposes. A study focused on a sustainability investment decision model based their carbon footprint
calculations on ISO 14 067 (Yeo et al., 2016). The findings from this case study demonstrate the
involvement of government cap and trade policies on GHG emission reduction investments and
production planning decisions.

During the ATA, an innate trend between ISO standards, lean and green performance was discovered.
ISO standards can be amalgamated with lean principles. While ISO is primarily used to ensure
international quality standards (Kalpakjian & Schmid, 2013:1038), it can also be used to ensure the
highest quality with regards to energy management and environmental management systems. Lean
management principles is a suggested means to spur the development of environmental management
principles (Bhattacharya et al., 2019:9). In spite of TQEM considered a variation of ISO 14 001 (Curkovic
et al., 2005), it ensures environmental compliance for eco-efficiency by considering pollution, controlling
waste and emissions (Jakhar et al., 2018).

Despite the idea that ISO 9 000 focuses on lean performance, companies with this certification tend to
naturally move on to adopt ISO 14 000 (Bhattacharya et al., 2019). ISO 14 001 constitutes a framework
which can be used with a PDCA approach for continuous improvement (ASQ, 2015). However, a review
paper by Hartini and Ciptomulyono (2015) found that an integrated system comprising of lean
production and ISO 9 000 have lower emissions than ISO 14 000. This could be owed to ISO 9 001
combining quality management systems (QMS) with environmental management systems (Da Fonseca,
2015), as opposed to the more specific approach ISO 14 000 has on QMS.

One of the most commonly used Energy management system standards is ISO 50 001 (Davies, 2016:44).
This ISO standard also assists with estimating the effect of GHGs and provides reduction strategies (BSR,
2012). This was used in a case study by Kumar and Rodrigues (2018) to understand best practises for
GHG reduction and energy usage.

Lean performance is able to promote environmental performance using life cycle analysis and
certifications (Bhattacharya et al., 2019:8). During a waste management case study, Kurdve et al. (2015)
found that a method which integrates environmental management into an improvement system should
be founded on the lean principles of root cause analysis and visualisation. Therefore, an effective GHG
reduction strategy can be rooted in the ISO 9 000 series (owed to its strong association to lean).
However, the quality standards of ISO 14 001 and carbon footprint reporting guidelines are also
recommended for environmental efficiency. Organisations could also consider the combination of the
ISO 14 000 and 9 000 series which facilitate a PDCA cycle approach. Many academics have
conceptualised frameworks which seek to promote operational and environmental performance or
improve sustainable practises according to certain criteria. We now evaluate pre-existing Lean and
Green frameworks in section 4.5.

4.5 Pre-existing Frameworks

During the ATA, various Lean and Green frameworks were studied to identify potential
traits or elements that can be factored into the conceptual GHG reduction framework for
the South African context. Each framework possessed a novel approach towards
sustainability across managerial, organisational and operational levels by means of
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strategic or tactical decisions. Some of these models evaluate single or various metrics
and propose solutions for their respective areas of application using certain tools or
methods. However, no pre-existing frameworks were evident in the South African
context. Therefore, the available frameworks were used to extract relevant constructs
that could be utilised in designing a conceptual framework for the South African context

(Table 8).

Table 8 - Pre-existing Lean and Green frameworks

Framework

\ Purpose

Relevant construct considered

Green manufacturing
system inter-relations
with an economic-
social-eco system
(Taddeo et al., 2019)

Conceptual
relationships between
economic, social and
environmental
performance (Yun et
al., 2019)

Operational efficiency
and environmental
performance
improvement
framework (Choudhary
et al., 2019)

Low carbon culture
adoption model (LCC)
(Ambekar et al., 2019)

Assessment framework
linking best practises
to performance (Farias
etal., 2019)

Lean-Green model for
SMED application
(Junior et al., 2018:3)

Green manufacturing is essential for
sustainable manufacturing and societal
development. Sustainability
assessment form the basis for policy
decisions. A cycle is formed between
the external economic-society-
ecosystem and internal manufacturing
systems

Analysis on interactions within supply
chain management, outlining the
model proposed by Carter and Rogers
(2008)

Green Integrated Value Stream
Mapping (GIVSM) method used to
reduce the carbon footprint of a
packaging manufacturing SME in the
U.K.

Low Carbon Culture (LCC) model for
obtaining low carbon capabilities

Operational and environmental
performance measures are associated
with lean and green best practises

Three phase model focusing on (1) the
application of SMED (Lean form of
identification), (2) carbon footprint
calculation and (3) estimation of eco-
efficiency

The interaction between the application, organisational
and system hierarchy levels of a green manufacturing
system is illustrated. A decision support system is a
suggested interface between environmental, social and
economic effects. Policies require modelling when
introduced into a green manufacturing system

For environmental performance, an integrated strategy is
vital. Organisational culture provides social performance,
whereas risk management ensures economic-
environmental performance.

Stage 1 involves process mapping, translated into a
GIVSM. Two parallel streams follow, identifying green
waste in COe/kg and lean wastes (8 wastes). Two RCA’s
are conducted for the two parallel streams, before its
consolidation into a future state GIVSM as part of a
continuous improvement framework

Segmented into three stages. Stage 1 lists low carbon
determinants (carbon tax and carbon trading). Within the
low carbon culture (stage 2), the three dimensions
(organisational orientation, governing structures and the
level of carbon emissions) create a low carbon supply
chain capability in the final stage

For best environmental practises, lean and green are
considered as one integrated system. Best practises
include VSM, Kaizen, 5S, Environmental Management
Systems, EEC, JIT, TPM, SMED, 3R and Design for
Environment (DFE)

Identification of activities stem from Lean thinking.
Analysis is quantified by means of Green manufacturing.
The effects of solutions are quantified by its eco-efficiency
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Framework

‘ Purpose

‘ Relevant construct considered

Conceptual model of
eco-socio-lean
production (Amrina &
Zagloel, 2019:4)

PDCA E-VSM
implementation
approach (Garza-Reyes
et al., 2018)

LESER strategy (Cai et
al., 2019:3)

Sustainable Supply
Chain (Barbosa-Pdévoa
etal.,, 2018:20)

Method for selecting
solution elements
(Fischer et al., 2015)

A computation model involving the
input, process and output of ESLP
parameters with an objective to
reduce production costs.

Environmental-VSM used to improve
environmental performance through
continuous according to Deming’s
PDCA cycle

Lean-energy saving and emission-
reduction strategy conceptualised
within 5 stages.

Operations Research methods are
outlined in order to facilitate the
development of generic tools to
manage a sustainable supply chain

Energy efficiency model deployed in a
discrete manufacturing environment.
A factory model initiation hierarchy

model is used, and an extended Energy

Value Stream Map is created.

Suggested improvement strategies include Green Value
Stream Mapping, Material and Process Re-engineering, an
environmental management system and a periodic Top
Management (Genchi Genbutsu)

For an E-VSM implementation, strategic goals must be
defined from the onset. The intent of the study, data
collection & team formation is crucial. Green wastes are
identified, and the future state VSM foresees the
elimination thereof. An implementation or action plan
must to be formalised afterwards

For emission reduction, a framework should consider re-
evaluation, sustenance and standardisation in order to
promote continuous improvement

A decision level focus is required to address sustainability
challenges across a strategic, tactical and operational
level. An efficient solution needs to be used in a
comprehensive model

Extended Value stream analysis is proposed, where cost
drivers are weighted against certain user preferences, or
organisational requirements. A weighted factor is set on
each energy/cost driver by means of a driver weighting
matrix and cross impact analysis to select the final
solution elements

Several frameworks elaborate on conceptual relationships between organisation levels for environmental
performance while others apply a range of tools within a specific context. Many of these frameworks
follow no more than 4 or 5 cyclical stages. During the conceptualisation of a Carbon Footprint framework
by BR et al. (2016), three principals were adopted, namely (1) understanding the carbon footprint, (2)
distinguishing between emissions that can be reduced or eliminated and (3) focusing on measures which
derive the largest cost benefit. Various constructs from pre-existing frameworks were used to set design
requirements, consolidate and conceptualise a Lean and Green literature-based framework (discussed in

section 4.6).

4.6 Conceptual Lean and Green GHG reduction framework

Under the specific search protocol followed in this study, no pre-existing South African Lean and Green
frameworks were obtained. This collection of literature suggests that the South African context of Lean
and Green has hardly begun. In order to conceptualise a framework for GHG emission reduction,
numerous design elements were formalised using the five themes that were identified during the SLR and

ATA.

Together with the design elements and themes that should be included, the following design requirements
were also set (Coetzee, 2019:68-69; Mangaroo-Pillay, 2020:41-42): (1) the framework must co-ordinate the
elements within each theme, (2) be simple in structure, (3) legible, (4) simple to understand, (5) provide a
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visual distinction between various design elements and themes and (6) holistically their association to Lean
and Green. By simple in structure, this refers to a clear and intuitive design.

By combining the findings from the ATA and the set design requirements, a Lean and Green GHG reduction
framework has been conceptualised in Figure 3. This has been designed using the CIMO-logic by Denyer et
al. (2008), which serves to solve field problems by considering the context, interventions, mechanisms and
outcome. This framework is developed for the manufacturing industry through the publication selection
process and textual data coded in ATLAS.ti Within the manufacturing sector, the design elements and
themes present the intervention and mechanisms for the purposes of achieving GHG reduction.

[3] GHG reduction strategies

] 3.1 Maximise ]
i resource efficiency

{ 32 Othertools |
i__and methods ' -

[1] Computational methods

! 3.9 Policy
: analysis

1.2 Standardised h
guidelines

acmsamnsmasmasaesonsn, vetamtomsamasuss = 45|5050001 —

é 3.10 Energy
g efficiency

é 3.13 Traditional Green
i tools

VSM

5.7 Supply chain
interactions

3.15 Traditiona

................... _Lean tools ,'/ -
e Smmm e [2] Metrics
\ ; 3.16 Maintenance
[5] Constructs from pre-existing Lean and Green frameworks
Figure 3 — Conceptual literature-based Lean and Green framework for GHG reduction in the

manufacturing industry

The framework co-ordinates the various elements within each of the five themes. Each theme has been
colour-coded and numbered according to the themes during the ATA. These numbers correspond with the
theme discussions in this paper, but also follow the numerical order needed to further develop a custom
GHG reduction strategy for a specific company. This framework uses the overlap between each theme or
element to represent the indirect and direct relationships they share in achieving GHG reduction in terms

of the theory and nature they possess. The GHG reduction strategies (3rcl element in the framework) is a
consolidation of the tools and methods which compute GHG emissions are facilitate the reduction thereof.
Furthermore, the framework is representative of Lean and Green principles having been obtained from the
various research publications under the conditions of the research protocol.
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From a conceptual standpoint, the framework needs to cater for legislation. Possible adverse effects
between Lean and Green solutions should be avoided. In conjunction, the proposed actions should align
with the organisational culture of a company and its corporate strategy. Moreover, a form of process
mapping must be performed to evaluate GHG emissions. CO2 emissions need to be studied and continuous
improvement should be a core requirement for achieving GHG reduction.

A core feature for any conceptual framework is to provide understanding and demonstrate the integrated
roles of particular concepts (Jabareen, 2009). The conceptual Lean and Green framework considers
operational inefficiencies within an organisation with the intention of reducing GHGs. The orientation of its
components follows a generalised format from Baba et al. (2006:24), where a conceptual benchmarking
framework was proposed. This suggested format guided the typical interface between the various themes
belonging to the Lean and Green conceptual framework. Using the relationship between the various design
elements and themes, overlaps were used to represent mutual inclusion or exclusion of specific subject
matter. These relationships were motivated by the findings presented in each of the themes discussed in
section 4.1-4.5.

To develop an effective means to reduce GHG emissions, a manufacturing organisation will need to
understand their existing data infrastructures, adopt a computational method (theme 1) and metric
(theme 2) to quantify GHG emissions. The interaction between the design elements for the basis for any
initiative or project an organisation may undertake.

Next, the company conceptualises a strategy (theme 3) which aligns with their company goals and
visions. Note the vast levels of interaction between legislation and polices (theme 4), but also pre-existing
constructs from other GHG frameworks (theme 5). The range of design elements extracted pre-existing
constructs have been configured with relevant GHG reduction strategies identified in the literature. This
framework recognises a strategy as the driven force for any GHG emission reduction initiative. When
considering certain strategies, ISO standards and legislation of great concern shares an overlap, thus
alluding to the effect it may have with regards to environmental management, quality measures, policy
analysis and energy efficiency. We now welcome the practical implications of the conceptual literature-
based framework proposed in this study.

4.7 Implications for practice and research

Within this framework, a form of environmental value stream mapping methodology is recommended.
Furthermore, this methodology should inherently be based on Cl using a Kaizen approach. Kaizen refers
to change for the better, a principle which must continuously feature within an organisation in order to prevent
complacency (Liker & Franz, 2011). Dieste et al. (2019) Based on the victories of research noted in this study,
VSM can become the core function to not only map, but conceptualise GHG reduction. There exists an innate
connection between VSM and environmental performance (Edtmayr et al., 2016). The framework identifies
key concepts and denotes the direct and indirect associations within respective themes. This framework
demonstrates the fundaments to achieve GHG reduction conceptually, but inspires methodological
perspectives that can be set. In for researches to develop a method for GHG emission reduction, the formalised
GHG reduction design elements offer the building blocks that can be tailored to a specific manufacturing
context. Using each theme, a sequential method can be established, one that recognises aspects for
consideration when seeking to reduce GHG emissions by means of Lean and Green.

The next section presents the conclusions and recommendations based on this study.
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5 Conclusions and recommendations for future research

In order to develop an effective GHG reduction strategy across organisational levels, the amalgamation
of various tools, methods and techniques are required to facilitate sustainable practices. In this study,
design elements from literature are used to propose a GHG reduction framework in an attempt to provide
structure to the different aspects belonging to Lean and Green. In this way, the various design elements
and themes for GHG reduction are formalised.

With the limited literature available specific to the South African manufacturing industry, the framework
reveals design elements which appeal to manufacturing industries in many countries. This framework will
be able to assist manufacturing organisations develop GHG emission reduction frameworks in their local
context using Lean and Green.

When producing research, there are of course limitations. While this framework is indeed conceptual, it
was verified by ensuring a rigorous method was followed before verifying that it complies to all set design
requirement discussed in section 4.6. However, the framework needs to be validated in the South African
manufacturing industry. For example, a validation method may take the form of surveys distributed to
academics and practitioners learned in this subject matter. Furthermore, a Lean and Green
implementation framework could be developed specifically for South Africa.

Environmental value stream mapping was a highly recursive design element obtained during the ATA.
Furthermore, a form of environmental value stream mapping is the prescribed method for achieving GHG
reduction. More extensive work can reconsider which form of environmental value stream mapping and
metrics would be best suited. On the other hand, researchers can contest the appropriate Lean and Green
tool or methodology by drawing comparatives using their GHG reduction potential.

Carbon footprint (CF) accounting has emerged from carbon footprinting practises as a method for
auditing and reporting emissions. Carbon accounting is an assessment method associating COze to
industries or organisations (Stechemesser & Guenther, 2012). The CF accounting system supports the
financial implication any emission may have, resulting in organisations having interest in environmental
preservation Prior to the implementation of the South African Carbon Tax Act, an evaluation of the South
African carbon tax was conducted by Alton et al. (2014), where a dynamic economy-wide model was
developed in order to calculate a tax-phased pricing strategy. According to Alton et al. (2014), a phased-
in tax of R403 ($30) per ton (Nedbank, 2019) was recommended in order to meet 2025 environmental
targets. After the end of the first carbon tax period (January 2020), research could conduct a comparative
study between the tax-phased pricing proposed by Alton et al. (2014) vs. the pricing strategy detailed in
the South African Carbon Tax Act (No. 42483 of 2019). This comparative may reveal the effects of tax
pricing strategies in order to meet 2025 environmental targets. Therefore, a topic for future research can
be to re-evaluate principles of carbon pricing. According to Finon (2019):

“A carbon pricing instrument cannot be the main pillar of a three-pronged carbon policy in emerging
economies’ climate package, and even less so in less developed economies whose carbon policy is in
the first stages of implementation”

It is therefore recommended that additional methods to support carbon pricing are conceptualised,
specifically in developing countries. New opportunities for research are reflected through each theme.
The following research propositions in Table 8 are provided within each theme addressed in the study.
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Table 8 — Research propositions for future research

\ Element ‘ Research proposition(s)
Computational e How would various computational methods compare in terms of the time,
methods accuracy and data volumes required?
Metrics e  What are the perceptions of these metrics used to reduce GHG emissions?

Tools, methods and
strategies

Legislation and policies

Pre-existing
frameworks
Conceptual Lean and
Green GHG framework

Can socio-economic, eco-environmental and socio-environmental metrics be
used to reduce GHG emissions?

Which green manufacturing tools, methods or techniques are yet to be translated
into a lean context and vice versa?

What are strategic factors to consider under carbon tax policies?

Which carbon tax policies or regulations can be adopted between developing
countries?

Can several pre-existing frameworks be integrated into cyclical stages for
continuous improvement?

Are elements outstanding or irrelevant to the framework’s purpose?

Are there themes which are absent, or require further research?

Can other industries inherit the design elements or themes proposed in this
framework?

This research only considered design elements for GHG reduction the manufacturing industry. This could
be extended to other sectors, exploring applications of Lean and Green GHG reduction in service sectors
may reveal new design elements. Alternatively, new environmental criteria and sustainable practises can
be evaluated in different contexts or extend to other industries.

This research offers a theoretical contribution through this holistic GHG reduction framework. The use
of Lean and Green can present opportunities to reduce GHG emissions and aid organisations in making
clear, sustainable decisions for the well-being of the environment, society and the foreseeable future.
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DESIGNING A LEAN AND GREEN FRAMEWORK FOR GHG REDUCTION IN THE SOUTH AFRICAN
MANFUCATURING INDUSTRY

ABSTRACT

Lean and Green is an emergent field of research focused on promoting operational efficiency
and environmental performance. One of the environmental measures within this paradigm, is
greenhouse gas emissions (GHGs) - an ever-present threat to society. The aim of this study is
to design and evaluate a literature-based Lean and Green framework for GHG reduction in the
South African manufacturing industry. Surveys were distributed to Subject Matter Experts to
test and design a refined Lean and Green framework for GHG reduction. By incorporating
Design Science Research, various design elements and themes belonging to the framework
were evaluated. Participants voiced the relevance and potential for GHG reduction, but also
provided additional elements from the literature-based framework obtained from a Systematic
Literature Analysis and Applied Thematic Analysis. The refined framework from this study
allows future researchers to develop GHG methodologies by means of Lean and Green.
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1 INTRODUCTION

The South African manufacturing industry contributed an average of R325 Billion to its
Domestic Product (GDP) between 1993 and 2019 [1]. This nourishes our domestic economy,
sustains employment and ensures societal relief. Unfortunately, this industry embraces
numerous challenges. One of which is the high demand, productivity requirements,
competitors, and environmental obligations they must abide to.

South Africa has one of the highest CO2 emissions per capita and is the largest energy consumer
on the continent [2]. It is a well-known fact that GHG emissions are an overwhelming threat
contributing to global warming [3]. As with other countries, South Africa is forced to abide to
various environmental regulations and policies. In 2019, the South African Carbon Tax Act (No.
42483 of 2019) was introduced, pricing emissions at R120 per CO2 equivalent above a
prescribed threshold [4]. The manufacturing industry is confronted with reducing its
Greenhouse Gas (GHG) emissions and a need exists to develop a method to assist with this
task. Lean and Green presents itself as a resolve.

Lean is a process improvement philosophy aimed at reducing inefficiencies (waste) in order to
promote higher levels of productivity [5]. Lean categorises 8 forms of waste (Inventory,
Motion, Waiting, Over-production, Over-processing, Defects, Transportation and Un-used
employee intellect) [6, 7].

Lean was initially developed for the manufacturing environment, first appearing in a 1988
article by Krafcik [8]. However, Lean has been implemented in a wide variety of industries
which include healthcare, construction, systems design, IT and other service sectors [9, 10,
11, 12]. In addition, Lean can be used to simultaneously reduce environmental effects [13].

The Green philosophy is concerned with the reduction of the environmental affects posed by
anthropogenic activities [14]. According to Zokaei et al [15], the 8 forms of Green waste are
air emissions, energy consumption, land contamination, water discharges, water usage, noise,
physical waste and lost human potential. This has been used to assess supply chain
management among other applications [16, 17].

Lean and Green strives to simultaneously increase productivity (by means of lean principles)
and reduce the environmental effect (by incorporating green principles). Farias et al [18]
suggests best sustainable practices and criteria from a framework which identifies the
relationships and concepts of Lean and Green performance. The suggested practices are VSM
(Value Stream Mapping), Kaizen, 5S, SMED (Single Minute Exchange of Die), JIT (Just in Time),
Cellular manufacturing, TPM (Total Productive Maintenance), EMS (Environmental
Management System), 3R (Reduce, Reuse, Recycle), DFE (Design for Environment) and EEC
(Environmental Emission Control). In order to show the overlap between these two paradigms,
Figure 1 compares these respective traits.
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Operational performance

Practise: Increase replenishment frequency

Lean

Manufacturing: High average utilisation, JIT
Product Design: Maximise performance, minimise cost

Customer: Satisfied by cost and lead time reduction

Wastes: Transportation, Inventory, Motion, Waiting, Over-production,’
Over-processing, Defects & Lack of human potential

Tools: VSM, Kaizen, 55, SMED, SW, JIT, CM, TPM

Lean and Green

Focus: Cost reduction & flexibility

Purpose: Waste Dominant cost: Physical costs
KPI: CO2 reduction, People SoMminanL cost Fhy

and organisations,
ools: LCA, EMS, 3R, DFE, EEC Lead time End-of life: No concern
reduction, Supply

Focus: Sustainable development chain relationships KPI: Costs

and ecological impact

Customer: Satisfied by becoming eco-friendly and conscience
driven
End-of life: Large concerns in the form of 3Rs

Wastes: Energy consumption, Physical waste, Noise, Water
usage, Air emissions, Land contamination, Water discharge
& Lack of human potential

Green

Manufacturing: Remanufacturing capabilities
Dominant cost: Costs for future generations
Practise: Reduce replenishment frequency
Product Design: Life Cycle Assessment (LCA)

Environmental performance

Figure 1 Lean and Green overlap adapted from Diies et al [19] and Zokaei et al [15]

Despite the trait differences listed in Figure 1, Lean and Green holds a shared purpose to
achieve waste and lead time reduction, recognise people and organisations, but maintain
supply chain relationships [19, 15]. For any institution to fully harness the potential of Lean
and Green, the relationship between the two philosophies must be recognised. One way of
doing so, is by outlining the two paradigm relationships intertwined across different levels of
learning maturity.

The levels of Lean and Green maturity have been depicted in Figure 2, as adapted from Zokaei
et al [15]. The initial representation of the Lean and Green relationships was categorised
according to innocence and degree of knowledge realised. This approach substantiates this
relationship, but can be further enhanced using the learning maturity stages discussed by
Bradley [20]. These levels include unconscious incompetence, conscious incompetence,
conscious competence & unconscious competence. Using these learning maturity levels; the
variated representation of the relationship more accurately depicts the expected stages levels
of learning when embracing Lean and Green.
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Example Frequent deliveries Lean team pursues Reducing product L&G strategyfor
rising emissions, economic goals waste reduces reducing loss
whereas lowering  whereas greenteams green impact imparted to society
emissions reduces  pursue simultaneously during entire
productivity environmental goals production life cycle
independently

Figure 2 Lean and Green maturity stages adapted from Zokaei et al [14]

As illustrated in Figure 2, various companies may function within different stages of lean
and green maturity. In the primal stage, companies pursue independent lean and green
initiatives which counteract one another. Organisations which fall victim to this stage are
those who pursue lean improvement projects under environmental regulations, unaware of
this relationship. During the next stage, an organisation may become aware of the
association between these two facets and begin separate initiatives non-complementary in
nature. The next two stages recognise the relationships and aims to improve productivity
and environmental performance. One can argue that green is dictated by legislature, which
can ultimately be resolved by continuous improvement in accordance with Lean principles.
In summary, this figure represents the innate relationship shared between Lean and Green
respectively.

However, little guidance is provided in literature on how to apply or implement this approach
within organisations. Moreover, no methodology exists for reducing GHG emissions with Lean
and Green. As a steppingstone towards such a methodology, a framework must first be
developed.

Therefore, the aim of this paper was to design and evaluate a literature-based Lean and Green
framework for GHG reduction in the South African manufacturing industry.
2 RESEARCH METHODOLOGY

In a qualitative research study, new concepts and theory are created [21, 22]. For this reason,
a design science research (DSR) paradigm was followed. This involves multiple stakeholders
during the development of a state-of-the-art artefact [23, 24]. The research methodology has
been encapsulated in Figure 3.
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African
manufacturing
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manufacturing industry is challenged with
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using SME
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African industry

Systematic { Artefact: Literature-based conceptual

Figure 3 Research methodology

2.1 Systematic Literature Review and Applied Thematic Analysis

By following a systematic literature review (SLR) and an applied thematic analysis (ATA), a
conceptual literature-based Lean and Green framework for GHG reduction was developed.

A SLR was used to screen and identify 56 publications from an initial set of 464 publications
from scientific databases. The keywords Lean, Green, framework, model, tax, South Africa
and emissions were used to search between 2015-2019. An ATA was used to formalise the
essential design elements and themes recommended by academic scholars. This data was
consolidated by coding in ATLAS.ti.

2.2 Survey

A survey was used to evaluate the literature-based conceptual Lean and Green framework.

2.2.1 Survey design
The survey had the following objectives:

1. Validate that the South African manufacturing industry is challenged with reducing its
GHG emissions

2. Verify the established design requirements for the framework

3. Verify that all design elements and themes of the literature-based framework are

appropriate for GHG reduction

Verify that all potential design elements and themes are identified

Verify the associations between the design elements

Verify the associations between themes

Validate that the framework addresses the research problem
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According to Al-Ghamdi [25], an average more than 3 on a 5 point Likert scale indicates a
higher level of success (agreement). In this study, a consensus rate of 60% (3 on a 5-point
Likert scale) was used. By factoring the results for each of the survey statements (Table 1
Summary of survey design requirements, statements and questionsTable 1 in Annexure A) and
suggestive commentary, a refined Lean and Green framework is proposed (section 3.2.6).

Demographic information was also incorporated in the survey, outlining the participant’s
industry and years of experience. This survey was designed as a Google Form, accompanied
by an explanatory 5-minute video on the conceptual framework.

The survey design relied on the objectives of this study and specifications outlined in the table
located in Annexure A. This table provides a summary of the objectives, survey design
requirements, specifications, survey statements and questions. The right-most column of this
table provides the survey results. A Likert scale was used to evaluate the degree by which
participants agree or disagree with the survey statements, and a dichotomous scale (yes or no
response) for questions posed. Questions which prompted participants to elaborate further
(Q2 & Q4) are discussed in section 3.2.2-3.2.5.

2.2.2 Participants

The survey was disturbed to Subject Matter Experts (SMEs) within the South African
manufacturing industry using a purposive sampling technique: snowballing. SME’s included
environmental engineers, managers or practitioners learned in operational and environmental
efficiency.

3 FINDINGS

3.1 Systematic Literature Review and Applied Thematic Analysis

During the SLR and ATA, five themes categorise 41 design elements extracted from 56 research
publications. The results of the SLR and the ATA lead to the formulation of a conceptual
literature-based Lean and Green framework for GHG reduction, as depicted in Figure 4.

[3] GHG reduction strategies
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i resource efficlency | | andmethods 1 oo oo

,,,,,,,,,,,, .| 3.5 Environmental
i 5.1Best Practices !/, management
| [ 37Sustainable

' 3.9 Policy ; !
oL B is || i analysis N — ey M/ pmmmesimen ,
5.3 Cost analysis | e 1 & : e 1.1 Statistical \
T L y ¢ 1.2 Standardised Tt
4.51S0 50001 e & & 3
SR e guidelines 1.3 Financial || 1.4 Analytical |
! 3.10 Energy A1 - : - s -
AR 1 fficien . 2.1 Energy efficiency ' . ' 2.2 Financial 23186
5.4 Low carbon culture i € Y S R et 1 costs indices
i 3.11 Low carbon e 1
i practices | | 2
{314 supply Chain . ‘ f:‘;?s.rraditi?n,a,l,?rﬁe,n,,L\, . ‘ i 26C02intensity . . | 27VOC !
I .manua‘:)e:'lensm - ! 5.6 Environmental : ------- A |_emissions |
( ) B i VsM i ;
; 5.7 Supply chain [T e : 12'8 VSM_"_'Q?S_“EE? : ,'
E‘ interactions 1 5.8 Continuous | ! 3115 Traditional\! N ﬂ
""""""""  pEsiEmangy w sy I/ )
i v [2] Metrics

\ ; 3.16 Maintenance '”’7’4

[5] Constructs from pre-existing Lean and Green frameworks

Figure 4 Literature-based Conceptual Lean and Green framework for GHG reduction in
the manufacturing industry
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Each element is colour coded and numbered, incrementing left to right from the top and
bottom of each bordered line (theme). The overlaps of each bordered line depict their
relationship amongst each other. Similarly, the overlap of various design elements illustrates
mutual inclusion or exclusion between respective traits.

On the right-hand side, the framework stipulates GHG computation methods (in blue) which
can be used for further analysis. One approach may be a statistical approach by means of
simulation modelling or experimental design studies [26], [27]. A more popular approach is
through standardised guidelines for energy, CO2 and value stream mapping performance
measures using Greenhouse gas guidelines, carbon foot printing or environmental value stream
mapping [28] [29]. Other methods include a financial approach by means of cost-profiling [26],
envelopment analysis [30] or the use of an analytical method involving optimisation models,
structural equation modelling (SEM) and state space modelling [31, 32].

From a strategic standpoint (top left-hand corner in green), organisations can maximise their
resource efficiency using a resource-based view, reduce material consumption or increase
resource consumption. Monzokuri is a Japanese term symbolising creative and balanced
manufacturing of products, in harmony with nature and society [33]. Other Lean and Green
tools and methods include 5 Why, Ishikawa diagrams, TRIZ (Theory of Inventive problem
solving), Affinity Diagrams and PDCA [34, 35, 36]. Some of these strategies are associated with
certain forms of legislature, policies, or international standards (middle centre in orange).
These prompt higher compliance with tax regulations and environmental reporting ranging
from energy audits to GHG reporting. These resources guide strategies concerning
environmental management, quality, policy analysis and energy efficiency.

The last theme in the bottom left-hand corner (constructs from pre-existing Lean and Green
frameworks in purple) was used to conceptualise the nature of the proposed framework in
Figure 4. Best practices are associated with those which are sustainable. An in-depth analysis
on the operational efficiency and environmental performance can be achieved through parallel
root cause-analysis, cost and carbon footprint analysis. Additional elements include managing
supply chain interactions, invoking continuous improvement, maintenance or instilling a low
carbon culture. This framework identifies environmental value stream mapping as the
preferred tool for GHG reduction [18, 29, 37]. Therefore, any such methodology aimed at GHG
reduction must incorporate this tool to map out, identify and improve on environmental
performance.

Collectively, this framework provides the elements needed for GHG reduction in a
manufacturing industry. While the design elements and themes included in the conceptual
literature-based framework represented manufacturing industries across the world, a further
need existed to verify the elements of the framework for the South African manufacturing
industry. This verification process was fulfilled by means of a survey.

3.2 Survey findings

3.2.1 Participants demographics

Survey participants stemmed from the South African manufacturing industry. The
representation of this industry is embodied in Figure 5.
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INDUSTRY REPRESENTATION

Food and beverages;

4,8% Motor vehicles, parts
and accessories;
9,5%

Other; 19,0%

Pharmaceutical;
4,8%

Mining; 14,3%

Iron, steel, metals
and machinery; 4,8%

Petroleum and
chemical products;
28,6%

Energy & Power
Generation; 14,3%

Figure 5 Industry representation of survey participants

Based on the industry representation, the majority of participants work in the petroleum and
chemical production industry. This spread of various manufacturing industries shows the
unbiased nature and shared experience of this research problem. The degree of industry
experience is a vital statistic to include in a qualitative study [22]. A distribution of the years
of experience belonging to survey participants is illustrated in Figure 6.

SURVEY PARTICIPANT'S YEARS OF
INDUSTRY EXPERIENCE

1-3 years
4% 4 -5 years
8%

More than 10
years

5-10years
60%

28%

Figure 6 Survey participant years of experience
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As illustrated in Figure 6, the level of participant’s experience predominately exceeds 10
years. It is probable that these SME’s have a higher job position, suggesting that they fulfil a
supervision or managerial role in their place of work.

The survey statements and results from the study are provided in Annexure A. An elaboration
on the results and suggestions from participants is further discussed in sections 3.2.2-3.2.5.

3.2.2 Objective 1 - Research problem

The identities of each participant are anonymised, denotated P1 to P25 for the 25 survey
respondents. Survey participants felt strongly that the research problem is indeed an issue
this industry faces (4.32 average).

There is often a mismatch and uncertainty within manufacturing organisations (P8).
Companies require incentives or local government legislature to enforce environmental
practices (P19). Interestingly, enforcement is a critical factor from regulatory bodies (P11).
This is crucial since environmental specialists experience low buy-in from operational
functions in an organisation. This could be improved by ensuring such institutions correctly
enforce environmental policies, procedures and legislation.

Several organisations perceive GHG reduction as an additional cost to company (P8, P19). It
has a large capital investment with what is believed to be a low return when efficiency
improvements are overlooked. Manufacturing companies are pressured to become carbon
neutral, which P15 believes is inherently impossible. This argument is also made in literature
[38, 39].

South Africa is faced with socio-economic difficulties (P9), cleaner technologies could result
in job loss. Due to shareholder pressure, profit margins are at risk when GHG emissions are
reduced (P21). Although renewable energy sources and leaner technologies mitigate CO2
emissions (P14), they threaten job employment and may require extreme modifications to
existing energy infrastructures (P8, P9). Existing infrastructures do meet air quality emission
standards (P11) and legacy-infrastructures will be difficult to upgrade accordingly (P8).

P19 argues that organisations unmotivated to adopt Lean production may lag in their
competitive environment. Methods to encourage or adopt Lean manufacturing must be further
investigated in South Africa [40].

P25 believes that South Africa is on its way to a greener society already reliant on non-
renewable energy sources. The awareness of GHG emissions is still low (P8, P12), and a larger
effort should be made to enlighten organisations.

3.2.3 Objective 2 - Design-requirements

The framework design requirements yielded an average score of 3.57. Participants found that
the conceptual framework should be further simplified (P10, P16, P3). To achieve this, the
pre-existing constructs from Lean and Green frameworks from the conceptual model are
modified into strategic elements. Since frameworks are used to guide strategic decisions, the
elements from pre-existing frameworks embody the Lean and Green GHG reduction strategies.
These modified strategic design elements will thus feature in the refined Lean and Green
framework for GHG reduction.

Additional changes included an overlap simplification (P16, P20), footnote (P12, P14, P21) and
rotation about the y-axis (P3, P15).
3.2.4 Objective 3 to 6 - Survey questions, design element and theme associations

Majority of participants believe the design elements are appropriate with an average score of
3.9 and 3.88 for design element, theme appropriateness and associations. P19 argues that all
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are essential. However, 84% of participants believed that certain elements or themes can be
omitted from the framework.

P7 and P8 feel that the framework is logically assembled but could be further simplified. Forms
of simplification include costs and regulations (P5) and cost analysis (5.3) vs financial costs
(2.2) by P8. The analysis of financials must begin with a prescribed method. For this reason,
these two elements now share an association. Carbon footprinting strategy (3.12) and carbon
footprint analysis (5.5) was consolidated into a new design element “Carbon footprinting &
CO2 intensity” with analysis (P8).

32% of participants identified additional design elements or themes which could be
incorporated. P17 suggests frame monitoring and control strategies to measure the
effectiveness of an organisation’s adaption to Lean and Green. For this reason, “Control
measures” become an additional strategic design element. Similarly, change management
(P7), GHG procedures, and incentives (12B,12L & 121) for legislation and policies (P10) were
also included as a new design element. Since renewable energy sources are a means to
mitigate emissions (P14), renewable energy sources became a new strategic element.

P17 advises that ISO 18 001 is also included as it increases full stakeholder participation and
an essential element to deploy this framework. I1ISO 18 001 is an international standard for
health and safety systems [41]. Since occupational health and safety is crucial for any
organisation, it can be used for active decision-making [42].

3.2.5 Objective 7 - Capability of literature-based framework

In summary, the participants believe that the conceptual Lean and Green framework could
reduce GHG emissions in the South African manufacturing industry. This is made evident by
the 3.96 average obtained in the table provided in Annexure A. An average score of 4.12
stresses that the five themes could address the problem, while an average of 3.8 suggests that
the conceptual framework in itself will do so.

3.2.6 Refined Lean and Green framework for GHG reduction

By incorporating the feedback from the various subject matter specialists, a newly refined
framework was designed (Figure 7).
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Figure 7 Lean and Green framework for GHG reduction in the South African manufacturing
industry

The modifications made to the initial framework has a more intuitive appeal, higher degree
of legibility and visual distinction between the various design elements and themes. With the
conceptual framework designed, the next research steps must be undertaken. Conclusions and
future recommendations are discussed in section 4.

4 CONCULSIONS AND FUTURE RECOMMENDATIONS

Based on the survey results and refined framework, a means to GHG reduction in the South
African manufacturing industry can be achieved using the framework proposed in this study.
By deploying Design Science Research in this study, the refined framework was thus designed.

Several survey findings were not included in the refined framework. P7 argues whether
Monzokuri should be incorporated in the model. However, Monozkuri is a core principle
pertaining to Lean and Green [43]. It is also referred to as “the older sister of sustainable
manufacturing” [15]. P8 recommends optional or essential design elements which can be used
for objective analysis in industry. With the combination of Lean and Green part of a new field
of research, and GHG emission reduction by means of this principle sailing uncharted waters,
more research is required. For now, all design elements in the framework are considered
essential until it is physically implemented in industry, or by means of a methodology
developed.

“It is very difficult to predict the usefulness of a framework without testing it on real world
case studies to get actual results” (P14). In correlation with this comment, Authors [44, 45]
advise that the iterative use of the framework and expert opinion in industry will further
validate that the theory in the framework provides the best available explanation (solution)
for the problem using literature. This coincides with principles of construct validation. Thus,
the practicality of the designed framework will be realised and validated in industry; when
used in case studies.
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Based on the survey results, the framework has been validated. The same can be said for the
framework design requirements, relationship and relevance of each design element and
theme. This framework outlines the essential design elements and themes applicable to the
manufacturing industry of South Africa. Furthermore, these are considered to holistically
represent the principles of Lean and Green.

Considering that Lean and Green is still in its infancy stages, it is yet to be fully realised and
implemented in South Africa. Despite the use of lean for sustainable practices, the application
of this newly coined paradigm has yet to take form. Therefore, a deep understanding of Lean
and Green implementation strategies is needed. For this reason, future research could analyse
the implementation factors for Lean and Green in South Africa, followed by an implementation
model for Lean and Green similar to David SM [46]. In addition, a methodology could be
developed to assess the levels and degree of paradigm integration.

A noteworthy research cause can further contextualise Lean and Green in the South African
context. Moreover, Lean and Green can be defined within other sectors in South Africa. One
could also consider the effects of future carbon trading and pricing strategies. The strategies
recommended by Alton et al [47] suggest that modifications to carbon taxes that include
carbon adjustments and appropriate carbon tax revenue recycling can ensure that
environmental regress is compensated with a fair economic benefit.

With the current COVID-19 pandemic, new ways of configuring processes, procedures and
systems become essential. According to Cohen [48], the need for sustainable practices may
be of greater need than ever. This pandemic may serve as an experimentation for downsizing
the consumer economy and promote sustainable consumption transitions. Lean and Green may
assist in shaping the new society and strategies organisations can turn to.

Higher levels of economic development have proven to decrease energy consumption
intensities [49]. Furthermore, energy consumption and CO2 emissions share a unidirectional
causality. Hence, strategies, business models or innovations which spur economic
development can indirectly reduce CO2 emissions in South Africa. The relationship and
environmental gain from these activities can be further investigated.

Despite the need for greening processes, industries must constantly re-evaluate aspects for
the most beneficial outcome. These decisions ultimately shape our society and must therefore
be taken in the right direction, in the most careful and calculated manner possible. Lean and
Green may become a new field of research that can deliver an environmentally conscious,
productive, innovative and strategically driven society benefiting oneself and our
environment.
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ANNEXURE A
Table 1 Summary of survey design requirements, statements and questions
Objective Design Requirement or Survey statement (ST) or Question (Q) Avg.
Subject matter specifications result
(3)
1. Verify the Convert research problem into | ST1: The South African manufacturing industry is challenged with reducing 4.32
research problem | survey statement their GHG emissions.
2. Verify the The framework must co- ST2: A standard approach (in the form numbering and colours) is used to 3.84
established design | ordinate elements within each | formalise, categorise and compartmentalise each element in a theme.
requirements for | theme using a standard
the framework approach
The framework must be ST3: The framework is simple in structure. 3.28
simple in structure
The framework must be ST4: The framework is legible. 3.68
legible
The framework must be ST5: The framework is intuitive to follow. 3.16
intuitive
The framework must provide a | ST6: The framework separates and merges different elements 3.68
visual distinction between
various elements
The framework must ST7: The framework formalises, categorises & compartmentalises elements 3.8
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CO2 footprint, CO2 intensity and VSM measures

Objective Design Requirement or Survey statement (ST) or Question (Q) Avg.
Subject matter specifications result
(5)
associated with Lean and
Green
The relationship amongst the | ST8: By viewing the overlaps between the elements, the relationships between | 3.56
five themes must be defined the 5 themes can be understood.
using visual distinctions or
overlaps between the design
elements
3. Verify that all Ensure all design elements are | Q1: Are there any elements or themes within the framework which should be 84% Yes
design elements relevant omitted? o
and themes are 16% No
appropriate for Q2: If yes, please elaborate
GHG reduction
4. Verify that any Accept suggestions on Q3: Are there any outstanding elements or themes which you can identify? 32% Yes
potential design outstanding elements or . o
elements and themes which were not Q4: If yes, please elaborate 68% No
themes are identified in the literature
identified
5. Verify the Ensure that the appropriate (ST9-22) State the level by which you agree or disagree with the association
associations direct and indirect and layout design for the following elements:
between the relationships between each
design elements design element are made
9. Standardised guidelines with energy efficiency, energy consumption, 4.08
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Objective Design Requirement or Survey statement (ST) or Question (Q) Avg.
Subject matter specifications result
(5)
10. Financial costs and financial computational methods 3.88
11. Lean and Green indices and analytical methods 3.75
12. Carbonfootprinting strategy, Carbon footprint analysis and CO2 4.08
footprint metric
13. Environmental VSM with Traditional Green tools and Traditional Lean 3.96
tools
14. Traditional Lean tools and Maintenance 3.71
15. Supply chain management and interactions 3.79
16. Low carbon practices and a low carbon culture 3.88
17. Problem analysis strategy with parallel root cause analysis and cost 3.92
analysis
18. Best practices and sustainable practices 3.92
19.1SO 14 000 with environmental management and Quality measures 3.75
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Objective Design Requirement or Survey statement (ST) or Question (Q) Avg.
Subject matter specifications result
(5)
20. 1SO 9 000 with quality measures and policy analysis 3.75
21. 1SO 50 001 with policy analysis and energy efficiency 3.88
22. Policy analysis with carbon tax and policies 4.04
6. Verify the Ensure that the appropriate (ST23-25) State the level by which you agree or disagree that the following
associations direct and indirect themes share an association:
Eﬁetxin the Eﬁleanalgr;srfgﬁatzeetween each 23. GHG reduction strategies with legislation and policies, constructs from | 3.88
pre-existing Lean and Green frameworks, metrics and computational
methods
24. Metrics with computational methods and constructs from pre-exiting 3.88
Lean and Green frameworks
25. Legislation and policies with GHG reduction strategies and constructs 3.88
from pre-existing frameworks
7. Validate that the | Validate the themes and (ST26-27) State the level by which you agree or disagree that:
framework framework against the
research problem 4.12

26. The five themes could address the research problem.
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Objective Design Requirement or Survey statement (ST) or Question (Q) Avg.
Subject matter specifications result
(5)

addresses the 3.8

27. The framework could address the research problem.
research problem
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Chapter 5
Verification and validation summary

This chapter provides a review of the verification and validation methods and results performed
in this research study.
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5 \Verification and validation summary

This chapter provides a summary of the specific methods used to perform the verification and
validation of the Lean and Green GHG reduction framework, as presented in Chapter 3 (research
manuscript) and Chapter 4 (SAIIE Green publication). These also align with the objectives
introduced in Chapter 1. By deploying the design science research paradigm, these methods
promoted the refinement of the conceptual framework to a standalone framework tailored for the

South African manufacturing industry.
5.1 Verification approach

Verification is associated with the substantiation of a model or framework designed according to
design requirements, specifications or an intended form (Balci, 1998; Coetzee, 2019). The
process of verifying any framework, the significance and applicability is established within a given

domain, which facilitates wider acceptance (Soni & Kodali, 2013:12-14).

The purpose of the following subsections is to provide clarity on the method of verification with
regards to:

The SLR search results selection process,
The framework design requirements; and

3. The relationships between design elements and themes belonging to the Lean and Green
GHG emission reduction framework in this study.

4. The survey design requirements
5.1.1 SLRresults selection process

During the qualitative systematic literature review, numerous publications were obtained from the
selection process discussed in Chapter 3. The publications included in the study, were verified by
means of an independent researcher. All search results from various databases were exported
into comma-separated values (CSV) files. These were consolidated into a master Microsoft Excel
spreadsheet. This file contained the title, keywords, journal, abstract and year of publication
obtained from the search strategy outlined in the search protocol of the SLR. The filtering
procedure was applied by conditional formatting the rows and columns belonging to each search
result, with the keywords belonging to the search strategy, inclusion and exclusion criteria.
Negative conditional formatting was used to flag publications that featured wording tied to the
exclusion criteria. For each of the search results, an independent researcher viewed the
justification provided for including or excluding a publication given the title, keywords, abstract,
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conditional formatting and downloaded full-text publications provided. A checklist was used to
verify the SLR results, as provided in Appendix D.

5.1.2 Framework design requirements

During the ATA discussed in Chapter 3, five themes were used to code the publication results
obtained from the SLR using Atlas.ti. One of the five themes, constructs from pre-existing Lean
and Green frameworks served as a baseline for several design requirements which governed as
a core design requirement for the framework. Several design requirements for a framework were
also sourced from literature (Coetzee, 2019:68-69; Mangaroo-Pillay, 2020:41-42). The following

design requirements were formulated within the context of the framework’s design:

e The framework must co-ordinate elements within each theme using a standard approach
e The framework must be simple in structure

e The framework must be legible

e The framework must be simple to understand

e The framework must provide a visual distinction between various elements

e The framework must holistically detail elements associated with Lean and Green

e The relationship amongst the five themes must be defined using visual distinctions or

overlaps between the design elements

The conceptual Lean and Green GHG reduction framework was formulated using these design
requirements. The compliance with these design requirements was verified using survey
statements discussed earlier in Chapter 4. Consensus is declared with an average above three
on a 5-point Likert scale, similar to Al-Ghamdi (2014). These results were obtained from a total
number of 25 participants. For the analysis of Likert scale data, parametric statics yield unbiased
tests, which can be applied to ordinal data and are more robust that nonparametric tests (Norman,
2010; Sullivan & Artino Jr, 2013). An extraction of these specific survey statements (as provided
in Appendix A of the SAIIE Green paper) and the corresponding results are shown in Table 9.
This table also been modified to include the sample standard deviation, assessing the deviation
from mean of each statement. The standard deviation measures the spread of data around the
mean (Devore et al., 2013:72-74). A high standard deviation infers a low centrality and lower

levels of consensus.
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Table 9 Framework design requirement survey results

Framework Design Survey statements (ST) Average (5) Standard
Requirement deviation

The framework must ST2: A standard approach (in the form 3.84 0.54
co-ordinate elements of numbering and colours) is used to
within each theme formalise, categorise and
using a standard compartmentalise each element in a
approach theme.
The framework must be | ST3: The framework is simple in 3.28 0.96
simple in structure structure.
The framework must be | ST4: The framework is legible. 3.68 0.79
legible
The framework must be | ST5: The framework is intuitive to 3.16 0.88
intuitive follow.
The framework must ST6: The framework separates and 3.68 0.88
provide a visual merges different elements

distinction between

various elements

The framework must ST7: The framework formalises, 3.8 0.63
holistically detail categorises & compartmentalises
elements associated elements relevant to Lean and Green

with Lean and Green

The relationship ST8: By viewing the overlaps between 3.56 0.75
amongst the five the elements, the relationships between

themes must be defined  the five themes can be understood.

using visual

distinctions or overlaps

between the design

elements

Grand mean  3.57
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As indicated in Table 9, the standard deviation shows a moderately high dispersion around each
mean. All survey statements scored above 3.5, declaring consensus pertaining to survey
statements 2,4,6,7 and 8. However, survey statements 3 and 5 obtained an average of 3.28 and
3.16, respectively. This argues that the literature-based conceptual framework is not simple in
structure, nor intuitive to follow. Using the ADR approach, these suggestions were used to refine

the framework from a literature-based conceptual framework, to a validated framework.
5.1.3 Framework design elements and themes

The design elements and themes proposed in the literature-based framework were subjected to
verification by means of survey statements, tied to the following objectives as presented in the

SAIIE Green paper:

o Verify appropriateness (GHG emission capabilities) of design elements and themes
belonging to the framework

o Verify that all potential design elements and themes are identified (those evident in
industry, but absent in the literature sourced in Chapter 3)

o Verify the association (relationships) between design elements within the framework

o Verify the association between themes within the framework

These objectives were translated into seventeen survey statements and four questions which
have been extracted in Table 10. Questions were incorporated into the survey in order to identify
irrelevant and relevant design elements and themes belonging to the literature-based conceptual
framework. For each component that has been verified, the specification and average survey

result/percentage agreement are also outlined accordingly.

Table 10 Framework design element and theme survey results

Verification Specification Survey statements (ST)  Average (5) or Standard
component or question (Q) percentage Deviation
Yes/No

Verify that all  Ensure all design Q1: Are there any 84% Yes N/A
design elements are elements or themes

o 16% No
elements and  relevant within the framework
themes are which should be omitted?

appropriate
for GHG

reduction

Q2: If yes, please
elaborate
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Verification

component

Specification

Survey statements (ST)  Average (5) or

or question (Q) percentage

Yes/No
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Standard

Deviation

Verify that
any potential
design
elements and
themes are
identified

Verify
associations
between the
design

elements

Consider
suggestions on
outstanding
elements or
themes which
were not identified

in the literature

Ensure that the
appropriate direct
and indirect
relationships
between each
design element

are made

Q3: Are there any 32% Yes

outstanding elements or
0,
themes which you can 68% No

identify?

Q4: If yes, please
elaborate

(ST9-22) State the level by which you
agree or disagree with the association
and layout design for the following
elements:

9. Standardised

guidelines with

4.08

energy efficiency,
energy consumption,
CO2 footprint, CO2
intensity and VSM
measures

10. Financial costs and 3.88
financial
computational
methods

11. Lean and Green 3.75
indices and analytical
methods

12. Carbon footprinting 4.08
strategy, Carbon
footprint analysis and
CO2 footprint metric

13. Environmental VSM

with Traditional

3.96

Green tools and
Traditional Lean tools
14. Traditional Lean tools = 3.71

and Maintenance

N/A

0.63

0.93

0.76

0.56

0.6

0.91
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Verification Specification Survey statements (ST)  Average (5) or Standard
component or question (Q) percentage Deviation
Yes/No
15. Supply chain 3.79 0.88
management and
interactions
16. Low carbon practices 3.88 0.77
and a low carbon
culture
17. Problem analysis 3.92 0.69

strategy with parallel
root cause analysis

and cost analysis

18. Best practices and 3.92 0.63
sustainable practices
19. I1SO 14 000 with 3.75 0.94

environmental

management and

Quality measures
20. ISO 9 000 with 3.75 0.94

quality measures and

policy analysis
21. 1SO 50 001 with 3.88 0.85

policy analysis and

energy efficiency
22. Policy analysis with 4.04 0.69
carbon tax and

policies
Verify the Ensure that the 23. GHG reduction 3.88 0.71
associations | appropriate direct strategies with
between the and indirect legislation and
themes relationships policies, constructs
between each from pre-existing
theme are made Lean and Green

frameworks, metrics
and computational

methods
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Verification Specification Survey statements (ST)  Average (5) or Standard
component or question (Q) percentage Deviation
Yes/No
24. Metrics with 3.88 0.71
computational

methods and
constructs from pre-
existing Lean and
Green frameworks
25. Legislation and § 3.88 0.81
policies with GHG

reduction strategies
and constructs from
pre-existing
frameworks

Grand mean 3.88

As detailed in Table 10, there is a moderately high standard deviation, pertaining to ISO 900,1400
with computational methods relating to financial costs. Excluding this result, a high level of
consensus has been obtained when evaluating the various design element and theme
appropriateness. The same outcome was found with regards to the direct and indirect

relationships illustrated in the framework.
5.1.4 Survey design requirements

A set of survey design requirements can be extracted from literature (as discussed in Chapter 2)
and shaped into a checklist for the purposes of verification. For the purposes of formulating the
survey, the insight of academic scholars was sought in order to obtain appropriate survey design
requirements. Table 11 stipulates the survey design requirements used in this research.

Table 11 Survey design requirements

Survey Design requirement Check

Uncluttered survey format v

Survey instructions are included v
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Survey Design requirement

A thank you message features in the survey (survey video)

A pre-existing scale (5-point Likert scale) is used for responses

Statements should not be vague or ambiguous

Statements are not leading or persuasive

Statements do not contain unexplained terms, jargon or acronyms (that were not explained

in survey video)

Statements should not double-barrelled

Survey statements are as short and few as possible

Survey statements have been grouped accordingly

Survey maintains the anonymity and confidentiality of participants

Each statement is composed of simple English

Each statement is relevant to the validation and verification process of a research study

These requirements were included in the survey that was shared with subject matter experts as

defined in Chapter 1.

5.2 Validation approach

The essential quality criterion in creating knowledge is validity, that which is deemed valid by the

scientific community based on the evidence provided (Van Aken, 2005). More specifically, it is a

means of fulfilling specified intend using confirmed examination and provision (Lopez et al., 2015).

In context of fulfilling the aim of this research and ensuring rigour of the research by deploying

ADR within the DSR paradigm (using DSR guidelines), the following needs to be validated:

1. The research problem
2. The research method followed

3. The research output: Lean and Green GHG emission reduction framework
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4. Internal consistency of survey
5.2.1 Research problem

This study identified that the South African manufacturing industry is challenged with reducing
their GHG emissions. The following survey statement was used to validate the research problem,
with its average survey result, shown in Table 12.

Table 12 Research problem survey result

Objective Survey statement (ST) Average (5) Standard

deviation
Validate the research ST1: The South African manufacturing 4.32 0.54
problem industry is challenged with reducing their

GHG emissions.

As can be seen in Table 12, the high average of 4.32 and standard deviation of 0.54 alludes to a
high degree of consensus regarding the problem statement formulated in this study. From this,
we can concur that the South African manufacturing industry is indeed challenged with reducing

their GHG emissions.
5.2.2 Research Design

The DSR guidelines allowed for built-in validation with regards to the research design. This is
further explained using the guidelines, description, execution and chapter references embodied
in Table 13.

Table 13 DSR guidelines (Hevner et al., 2004)

Guidelines Description Execution Chapter

reference

1.Design as an DSR must produce an A Lean and Green framework  Chapter 3
artefact identifiable and viable was the designed artefact
artefact (construct,
model, method or

instantiation)
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Guidelines

Description

Execution
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Chapter

reference

2.Problem
relevance

3.Design

evaluation

4.Research

contributions

5.Research rigour

6.Design as a

search process

The objective of DSR is
to develop technology-
based solutions
pertinent and relevant

business problems

The utility, quality and
efficacy of a design
artefact must be
rigorously demonstrated
by means of well-
executed evaluation

methods

Effective DSR must
produce clear and
verifiable contributions
in the areas of the
design artefact, design
foundations, and/pr

design methodologies

DSR relies upon the
application of rigorous
methods in both the
construction and
evaluation of the design

artefact

The search for an
effective artefact must
utilise available means
to reach the desired end
while satisfying laws in
the problem

environment

This framework conceptualises

and enables GHG emission
reduction in the South African

manufacturing industry

Surveys subjected to subject
matter experts were used to
verify the usability,
effectiveness and applicability
of the Lean and Green GHG
emission reduction framework

This framework is the first to

formulate the essential themes

and elements for GHG

emission reduction

A two-stage hybrid
methodology encompassing a

systematic literature review

and applied thematic analysis.

When introducing the
background of the study
(Chapter 1) and the state of
GHG emissions in South
Africa. The problem is also

validated during the survey

Chapter 3 and 5

Chapter 4

Chapter 5

Chapter 3

Chapter 1,
Chapter 2 &
Chapter 5
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Guidelines Description Execution Chapter

reference

7.Commiunication DSR must be effectively | The results of this research Thesis document
of research presented to (Lean and Green GHG (Chapter 5 more
management-orientated = emission reduction framework) = specifically)

and technology- were communicated to the
orientated audiences audience via a 5-minute
asynchronous electronic
presentation which explained

the framework.

Similarly, the research is
communicated in this
dissertation, documentation

and research publication.

5.2.3 Research Output: Lean and Green GHG emission reduction framework

The Lean and Green GHG reduction framework was validated by means of two survey
statements. These statements were used to evaluate the ability of the Lean and Green GHG
emission reduction framework to conceptualise and guide GHG emission reduction for the South

African manufacturing industry.

This evaluation is directly correlated with survey statements 26 and 27 and their results, as
detailed in Table 14. These statements evaluate the ability of the five themes (within the
framework) and the framework in being able to address the research problem identified in this

study.

Table 14 Framework validation survey results

Validation Survey statements (ST) Average Standard
(5) deviation

Validate the (ST26-27) State the level by which you

themes and agree or disagree that:
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framework 9. The five themes could address the 4.12 0.63
against the research problem.
research 10. The framework could address the 38 0.73
problem research problem.

3.96

Grand mean

Based on these survey results revealing a low dispersion around the mean of 4,12 and 3.8
respectively, the Lean and Green framework does address the research problem identified in this
study. Despite consensus being reached between participants, the framework design was in need
of improvement as a requirement of ADR. This was a consequence of low levels of agreement
regarding a simple structure and intuitive nature of the framework. Overall, the Lean and Green
GHG emission reduction framework was verified and validated using the methods discussed in
this chapter.

5.2.4 Survey internal consistency

As configured in Chapter 1, Objective 7 serves to evaluate the internal consistency with regards
to the survey results, but also its construct validity. While the literature review serves to convey
the core aspects which the Cronbach alpha coefficient aims to achieve, this was used to evaluate

the survey more stringently.

In order to perform this analysis, the scores from the 25 survey participants (as discussed in
Chapter 3) and 27 survey statements were used to compute the Cronbach alpha. The details of
these calculations can be accessed in Appendix F. A summary of this calculations is provided in
Table 15.

Table 15 Cronbach alpha parameters and calculation

Total Items (n) 27

Sum of variance 15,7376

Variance of total scare @ 159,8464

Cronbach Alpha 0,93622
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From this we are able to confirm the construct validity and internal consistency of the survey has
been substantiated in accordance with the high Cronbach alpha value of 0.94, deemed excellent
(Habidin et al., 2015; Shamsuddin et al., 2015). This value was computed by studying and
calculating the variance for each participant, across all survey statements as well as the total
variance of the score obtained. This showcases a high correlation between each statement and
scoring consistency belonging to each independent survey participant. We can confirm that the

consistency of each evaluation is indeed acceptable.
5.3 Chapter summary

The Lean and Green GHG reduction framework, research problem and research design have
been verified and validated using the methods discussed in this chapter. The following chapter

serves to conclude the research study and pave the way for future research opportunities.
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Chapter 6
Conclusions and recommendations

This chapter concludes the research study and explains the novelty thereof. Moreover, limitations

and future recommendations are accompanied by concluding remarks.
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6 Conclusions and recommendations

This final chapter will reflect on the findings throughout this study and identify the research
limitations. The shortfalls will serve as building blocks for future recommendations. To conclude,

the novelty and contribution of this research will be discussed.
6.1 Research study

As GHG emissions are increasing with more anthropogenic activities across all parts of the world,
a sound solution becomes more urgent. Various industries have turned to remedies in the form
of legislation, protocols, guidelines, and methodologies to improve their environmental
performance. This study identified the challenge plaguing the South African manufacturing

industry regarding reducing their GHG emissions.

Consequently, this study aimed to design a Lean and Green framework that could conceptualise

and guide GHG emission reduction in the South African manufacturing industry.

The study explored the fundamentals of the Lean and Green paradigm and GHG emission
reduction in the South African manufacturing industry.

In order to contextualise and lay the knowledge foundations pertaining to the nature of this study,
an initial literature study explored the Lean and Green paradigm, along with the components
belonging to methods used in this research (objective 1).

A two-stage hybrid methodology was able to extract the essential design elements and themes
for a GHG emission reduction framework using Lean and Green. Firstly, the qualitative SLR
assisted in scouring the literature using stringent research search protocol across academic
databases outlined in Chapter 3. Thereafter, the design elements for GHG reduction were
extracted and classed within five emergent themes during the ATA, asexplained in Chapter 3
(Objective 2). For more detail, a sample of the textual data coded has been provided in Appendix
E.

The literature-based conceptual framework (obtained from the aforementioned hybrid
methodology) required refinement. During this process, design elements were included, removed
or amalgamated with similar elements as advised by the survey participants. In addition, the fifth
theme (constructs from pre-existing Lean and Green frameworks) was forged within the final

framework to encompass the true nature of Lean and Green (objective 3).
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During the qualitative SLR, the research publications were verified by an independent researcher,
with a sample provided in Appendix C, and verification checklist in Appendix D (objective 4).
Here, specific reference is made to the technical manner in which the publications were screened
before being subjected to the ATA.

The final framework obtained validity after subject matter experts reached consensus through the
survey. The survey was used to verify that the framework satisfies all design requirements
(Objective 5). These refer to the design requirements suggested by academic scholars, and the
constructs from pre-existing Lean and Green frameworks (Theme 5 discussed in Chapter 3). The
survey was also used to confirm the validity of the research problem, research design and

research output (framework) (Objective 6).

The use of Cronbach was also found to confirm the construct validity and internal consistency of

the survey after obtaining a score of
6.2 Research contribution

Lean and Green is an emergent research field which has gained academic interest amongst
scholars. This ever-advancing field of research is yet to take form in developing countries such
as South Africa. Furthermore, no Lean and Green research has focused on formalising the
elements (mechanisms) for GHG emission reduction, as most work has only been used to
formalise the identity of the Lean and Green paradigm in the academic field. The DSR knowledge
contribution framework (Figure 16) can represent the context of a research project and potential
DSR research contribution.
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Improvement: Develop new solutions

Invention: Invent new solutions for new
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[Research Opportunity and Knowledge
Contribution] E.g. solutions adopted from
other disciplines

[No Major Knowledge Contribution]

Low High

Application Domain Maturity
Figure 16 DSR Knowledge Contribution Framework adapted from Gregor and Hevner (2013)

As shown in Figure 16, four classes are defined according to the degree of maturity belonging to
the solution and application domain. The contribution of the framework from this study can be
deemed as an improvement and exaptation. According to the research problem identified, the
solution maturity regarding GHG emission reduction is known to society. However, the research
opportunity in formalising design elements for GHG reduction within the Lean and Green
paradigm. For this reason, the DSR knowledge contribution from this research can serve as an

improvement by building on existing literature, thereby falling into the top left-hand quadrant.

From an equal but opposite perspective, GHG emissions can be perceived as a new problem, for
which Lean and Green offered a resolve. In this way, the contribution can also be interpreted as
an exaptation, located in the bottom right-hand quadrant of Figure 16. According to Gregor and
Hevner (2013), the goal of this quadrant is to create better solutions by means of efficient

products, processes, services, technologies and in the case of this research, ideas.

The findings from this research offer researchers and practitioners the essential elements and
themes needed for GHG reduction by means of Lean and Green. In addition, this research
introduced the principles of Lean and Green in the South African environment. GHG emissions
have been a growing concern in society for several years. Lean and Green offer an opportunity
to address this challenge encountered in various industries. This study showcases the potential

and capabilities built into the Lean and Green paradigm.
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6.3 Limitations and future recommendations
Despite the advances made in this research, there were limitations that can be further explored.

A verified and validated Lean and Green GHG reduction framework was designed in this study.
The elements for GHG emission within the Lean and Green paradigm were formalised in this way
for the first time. However, an extension on this could entail the development of a Lean and Green
GHG reduction methodology that explicitly defines the steps, metrics and environmental value
stream mapping (EVSM) tool that needs to be followed to achieve GHG emission reduction within

a specific organisation or industry.

Also, since this framework has been designed theoretically and validated in principle by
participants, its effectiveness when applied in industry still needs to be determined. Case studies
can be created within the South African manufacturing industry that can take form using the
framework proposed in this research. Researchers can seek inspiration from other Lean and
Green implementation models similar to David and Found (2016). By incorporating this research,
a Lean and Green implementation model can be tailored and redefined for South Africa. An
attempt to define such a model, may begin with outlining a South African learning maturity
advancement model. This is highly recommended, due to the term Lean and Green seldomly
used or coined domestically. This may allude to organisations requiring further guidance when
adopting this paradigm in order to best negate polarities and misguided visions within an

organisation.

The design intent for the Lean and Green GHG reduction framework is to target the South African
manufacturing industry. Beyond this, further research could explore the Lean and Green identity
for the South African environment as a means to improve productivity and environmental
performance. Similarly, this can be generalised to other developing countries. Despite the growing
research and case studies reported in literature, the opportunity to spur and develop this paradigm

in other contexts is most valid.

This framework can also be extended to other industries within South Africa or address more
environmental concerns within the manufacturing industry using Lean and Green. Lean and
Green socio-environmental factors and environmental performance metrics can be defined for
the South African environment. This would be highly beneficial considering the poor energy mix
and environmental state of the country. When adopting this paradigm, integration and
assessment become crucial. To facilitate the paradigm integration, assessment criteria and

methods have already been designed within the Lean and Green arena (Bhattacharya et al.,
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2019; Fercoq et al., 2016). Research efforts could pursue creating these forms of integration

within more local contexts.

Lean and Green is also used to help drive strategic goals and define business models. With the
growing popularity and implementation of Industry 4.0 technologies from the Fourth Industrial
Revolution, numerous advantages and advancements have been made. However, numerous
challenges have been experienced during this adoption. To date, research has already explored
improving the strategy and vision towards the Fourth Industrial Revolution (4IR) (Leong et al.,
2020). This can be furthered by considering other dynamics with the Lean and Green paradigm
that can align with 4IR. Academics now use the term Industry 5.0, a new term used to stress the
human aspects and sustainability concerns that Industry 4.0 fails to provide (Demir & Cicibas,
2017). Despite this debate between Industry 4.0 and Industry 5.0 terms, the need exists to define
sustainable guidelines and methods when working with these technologies. Lean and Green can
also be designed in the new Society 5.0 vision Japan seeks to follow. Society 1.0 to 5.0 journey
has been propagated by each industrial revolution. This approach can be studied and tested in

societal settings in countries where the Fourth Industrial Revolution is set to take form.
6.4 Concluding remarks

The Lean and Green paradigm is becoming a field of research with increasing interest and
opportunities to resolve the environmental issues society dwells upon. The multidisciplinary
nature of the Industrial Engineering discipline encourages further investigation with regards to
Lean and Green. Beyond the environmental gains yielded by adopting this paradigm, this may
serve as a fundamental stepping-stone to harness new potential in various knowledge domains,
seek new solutions to existing problems or even help shape and redefine societal constructs,

systems, technologies and interaction with our environment.
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The following table serves as sample of the research publications filtered during the SLR. Across all academic databases used in the SLR (Web of Science,
Emerald Insight, Science Direct & Scopus), the research title, author, journal, year, abstract and keywords were exported in csv format, with the exception
being Emerald Insight. Conditional formatting was used to colour code each result using red and green. The green fill represents cells which contain the
inclusion criteria under the conditions provided in the Research protocol (Table 1 in Chapter 3). The green cells represent the exact terms which feature as
exclusion criteria in the aforementioned table. Where a red cell and green cell match a specific row (publication), a note for inclusion was used to
substantiate it qualifying for full text reading. Clear cells were excluded from full text reading. The following sample only represents a segment of the
research publications obtained from Science direct. The full dataset, comprising of 547 rows was reviewed by an independent researcher in this format. A
verification checklist was completed, which can be found in Appendix D.

Table 1 — Sample set of SLR publications obtained from research protocol.

No Author Title Journal Year
Evaluating the enablers
and barriers for
successful
implementation of Journal of
H.T.S. Caldera, C. sustainable business Cleaner
34 | Desha, L. Dawes practice in ‘lean’ SMEs Production 2019

Abstract

Keywords

Database

Note for inclusion

Lean and green;
Enablers; Barriers;
Small and medium-
sized enterprises;
Institutional theory

Science Direct




No

Author

Title

Journal

Year

36

Cristina Lépez, Rocio
Ruiz-Benitez

Multilayer analysis of
supply chain strategies’
impact on sustainability

Journal of
Purchasing and
Supply
Management

2019

Abstract

Integrating lean, green and resilient strategies into
Supply Chain (SC) decisions is a key success factor for
transformation toward sustainability. These strategies
are increasingly common in the SC, although their
implementation and results are not the same across
different SC levels (Tier 1, 2 and 3 suppliers and the
focal company). In spite of this, earlier studies have not
explored in detail their effects on environmental,
economic and social sustainability dimensions nor
differentiated between SC levels and therefore
implementation strategies overlook the difference
between these levels. Accordingly, a novel multilevel
analysis of the aerospace manufacturing SC based on
Interpretive Structural Modeling (ISM) is carried out.
This approach allows exploring the effects of
combining lean, green and resilient strategies on

Keywords

Database

Note for inclusion

Multi-tier supply
chain; Sustainability;
Lean SCM; Resilient
SCM; Green SCM;
Aerospace
manufacturing
sector

Science Direct




No

Author

Title

Journal

Year

Abstract

Keywords

Database

Note for inclusion

specific sustainability performance measures in the
aerospace manufacturing SC. The findings reveal
differences between SC levels on the effects of lean,
green and resilient strategies on the different
sustainability dimensions. Additionally, Tiers 2 and 3
show a higher resistance or lower implication in the
development of lean, green and resilient strategies
than the focal company and Tier 1 companies. Final
ISM models become a useful tool for managers to
specifically establish coordinated long-term SC
sustainability programs for each SC level.

39

W. Muchaendepi, C.

Mbowa, J. Kanyepe, M.

Mutingi

Challenges faced by the
mining sector in
implementing
sustainable supply chain
management in
Zimbabwe

Procedia
Manufacturing

2019

Sustainable supply chain management (SSCM) is the
incorporation of ecological concerns into the inter-
organisational exercises of supply chain management.
The implementation of SSCM in the mining sector has
been a slow process. The study was conducted to
determine the challenges facing effective
implementation of sustainable supply chain
management within mining sector in Zimbabwe. The
researchers employed a case study of mining sector,
where descriptive data research method was utilized
with a target population comprising 1000 companies
and a sample of 91 organizations was obtained, using
Slovin’s equation. The researchers adopted the
convenience sampling technique which involved the
choice of subjects who were well equipped with
relevant information to the researchers focus. A
convenient sample size of 40 mining companies in
Zimbabwe was selected based on of researchers’ easy
accessibility to them. The findings revealed that,
presently there is absence of structural and
organisational change to support implementation of
sustainable supply chain management. The study
recommends that the organisations and different
stakeholders should ensure that there is structural and
organisational change to support, improvement of
legal and regulatory framework on environment,
reduction of cost connected with green products and
distribution of resources vital for effective
implementation of sustainable supply chain
management.

Green Supply Chain
Management;
Reverse Logistics;
Supply Chain
Managemnet;
Sustainability

Science Direct

42

Anass Cherrafi, Jose
Arturo Garza-Reyes,
Vikas Kumar, Nishikant

Lean, green practices
and process innovation:
A model for green

International
Journal of

2018

This paper investigates the relationship between lean,
green and process innovation practices and green
supply chain (GSC) performance. Data were collected

Lean; Green;
Process innovation;
Green supply chain

Science Direct




No

Author

Title

Journal

Year

Abstract

Keywords

Database

Note for inclusion

Mishra, Abby
Ghobadian, Said Elfezazi

supply chain
performance

Production
Economics

from 374 manufacturing firms and results analyzed
using Structural Equation Modeling (SEM). The findings
revealed a synergetic effect between process
innovations, green and lean practices, which play a
crucial role towards the improvement of GSC
performance. In particular, the results suggested that:
(1) lean practices such as JIT, set-up time reduction,
cellular manufacturing, and waste elimination can
significantly contribute to improve GSC performance;
(2) green practices including eco-design, life cycle
assessment, green manufacturing, reverse logistics,
and waste management significantly and positively
affect GSC performance; (3) process innovation
practices such as fast response to new processes
introduced by other companies within the same sector,
pioneering disposition to introduced new processes,
and number of changes in the process introduced in
one year, do not have a direct contribution to
improving GSC performance; finally that (4) process
innovation amplifies the effect which contributes for
lean and green practices to offer a higher payoff rate in
terms of GSC performance when these are coupled
with process innovation activities. This paper presents
an innovative approach since it studies simultaneously
the three dimensions of sustainability (environmental,
social and economic), the lean, the innovation process
and green paradigms, which are considered strategic
for supply chain competitiveness. Investigating the
relationships between the four strategies is a
contribution that the authors hope will become a
forward step for promoting sustainability in
manufacturing supply chains.

performance; SEM;
Survey

43

Kanchan Das,

Integrating lean systems
in the design of a
sustainable supply chain
model

International
Journal of
Production
Economics,

2018

Lean based systems include several practices and tools
that have the potential to facilitate an organization to
be economically, environmentally, and socially
sustainable. The objective of this research is to
integrate applications of lean systems in the design and
planning model of a supply chain to improve
sustainability performances of the overall business.
The study defines and identifies antecedents, enablers,
and ingredients of sustainable supply chain based on
the literature. It also identifies practices and outcomes
of Lean based systems that may be applied to supply
chain functions in the perspectives of established

Lean systems;
Sustainability
performance;
Supply chains;
Enabler for
sustainability;
Ingredients of
sustainability;
Design model

Science Direct




Abstract Keywords Database Note for inclusion

Journal

No Author

Ron Van Duin, Bart
Wiegmans, Lori Transportation
Tavasszy, Birgit Research
Hendriks, Yunzhu He, Procedia,

Science Direct
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By completing this search result verification, | hereby acknowledge that | have tested the
search strategy on the databases listed below, and that this was completed with research
integrity.

Criteria Checked Comment
Search strategy
Using the search strategy (“Lean and Green”) AND (“Framework” OR
“Model” OR “Tax” OR “South Africa” OR “*emission*”) from 2015 to
September 2019.
The following search results are obtained:
e Science Direct: 218 /
e Web of Science: 51 v
e Emerald Insight: 175 v
e Scopus: 103 o
Total: 547 publications v
Duplications
83 Duplicated publications were obtained W
All duplications were removed
New total: 464 Unduplicated publications \/
Inclusion criteria
All non-english publications were removed ke
Only research and review papers were included v
Exclusion criteria
By excluding publications focused on logistics, supply chain
performance assessment, risk analysis, product-service design
systems, renewable sources, urban planning, construction, mining,
six sigma, transportation, IT or green computing, the following v
publications remain:
Science Direct: 37 e
Web of Science: S v
Emerald Insight: 6 ~/
Scopus: 8 v
Total: 56 publications selected W
No publications were falsely included in the final selection v
No publications were incorrectly excluded from the final selection v
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The following table serves as a sample of the codes and output table from ATLAS.ti. The quotation content refers to the textual data coded, whereas the
document refers to the relevant publication from which the quotation content was found. Furthermore, the Computation code, refers to one of the themes
which feature in the literature-based conceptual framework presented in Chapter 3. The raw data from this table is associated with Table 3 from Section 4.1
belonging to Chapter 3. In a similar fashion, other themes and quotation content was processed and presented in Section 4 of Chapter 3.

ID
4:1

4:5

4:6

4:8

4:10

Quotation Name
Genetic Algorithm,
Multi Objective
Optimization

Simulation

Achieving
environmental
sustainability in
manufacture A 28-year

Achieving
environmental
sustainability in
manufacture A 28-year

Algorithm

Document

Achieving environmental
sustainability in manufacture
A 28-year

Achieving environmental
sustainability in manufacture
A 28-year

Achieving environmental
sustainability in manufacture
A 28-year

Achieving environmental
sustainability in manufacture
A 28-year

Achieving environmental
sustainability in manufacture
A 28-year

Quotation Content
Genetic Algorithm, Multi Objective

Optimization

Simulation

(Equations)

(Equations)

Algorithm

Codes
Computation

Computation

Computation

Computation

Computation

Reference

9:2994 -
9:3041

9:3761 -
9:3770

12:405:212

12:435:213

12:101:241

12:142:243

9:3786 -
9:3794



4:17

4:18

4:19

4:21

11:2

20:4

29:8

29:9

29:1

algorithms

simulations

Data Envelopment
Analysis

input- output analysis

ISO 14067, Defra
2010, PAS 2050 and
Greenhouse Protocol
Analytical

Optimization

structural equation
modeling (SEM
multi-objective linear
programming

Achieving environmental
sustainability in manufacture
A 28-year

Achieving environmental
sustainability in manufacture
A 28-year

Achieving environmental
sustainability in manufacture
A 28-year

Achieving environmental
sustainability in manufacture
A 28-year

Effects of low carbon

Interactions in sustainable
Role of culture in low carbon
Role of culture in low carbon

Role of culture in low carbon

algorithms

simulations

Data Envelopment Analysis

input- output analysis

ISO 14067, Defra 2010, PAS 2050 and
Greenhouse Protocol

Analytical
ptimization
structural equation modeling (SEM

multi-objective linear programming

Computation

Computation

Computation

Computation
Tool

Computation

Computation
Computation
Computation

Computation

14:691 -
14:700

14:703 -
14:713

9:3830 -
9:3854

15:666 -
15:689

5:847 -
5:901

9:1777 -
9:1785

5:2850 -
5:2860

5:2574 -
5:2607

5:2620 -
5:2653



46:1

47:2

47:5

48:1

55:4

carbon footprint

carbon dioxide (CO2)
emissions, namely:
directly assessing the
carbon...

Simulation 10 23 — —
Optimization 60 110 5
3 Queuing Theory 1 —

TRIZ

Carbon Footprint %
Total Amount Used in
Selected Activity
Standard E...

Lean-green integration and its
impact on sustainability
performance

Opportunities and challenges
in sustainable supply chain
An operations research
perspective

Opportunities and challenges
in sustainable supply chain
An operations research
perspective

Reviewing the use of the
theory of inventive problem
solving (TRIZ) in

An integrated lean and green
approach for improving
sustainability performance a
case study of a packaging
manufacturing SME in the U
K

carbon footprint

carbon dioxide (CO2) emissions, nhamely:
directly assessing the carbon footprint;
measuring Green House Gases (GHG);
assessing CO2 emissions through the
environmen- tal impact category “Global
Warming Potential”; and assessing CO2
through the environmental impact category

“Climate Change” (CC)

Simulation 10 23 — — Optimization 60 1105 3
Queuing Theory 1 — —— Data analysis—9 1
1 Neural networks 1 1 —— Expert systems —
— 1 — Decision analysis 4 10 — 1
Metaheuristics 4 5 — — Statistics

TRIZ

Carbon Footprint ¥ Total Amount Used in
Selected Activity Standard Emission Factor

Computation

Computation
Metric

Computation

Computation

Computation

8:3854 -
8:3869

14:1432 -
14:1729

10:954 -
10:1159

8:5836 -
8:5839

6:683 -
6:768



68:2

68:3

68:6

68:8

78:2

78:3

Emissions are
calculated according to
process and indirect
modules

Simulation based
assessment of lean
and green strategies in
manufacturing systems

Simulation

shows the resulting
cost-time and CO2-
cost profiles. 75% of
generated...

Ctotal ¥2 Cva p Cnva

C efficiency ¥4 Value
added products or
value added services
carbone...

Simulation based assessment
of lean and green strategies
in manufacturing systems

Simulation based assessment
of lean and green strategies
in manufacturing systems

Simulation based assessment
of lean and green strategies
in manufacturing systems

Simulation based assessment
of lean and green strategies
in manufacturing systems

Application of green modified
value stream mapping to
integrate and implement lean
and green practices A case
study

Application of green modified
value stream mapping to
integrate and implement lean
and green practices A case
study

Emissions are calculated according to
process and indirect modules

(Equations)

Simulation

shows the resulting cost-time and CO2-cost
profiles. 75% of generated CO2-emissions
are caused by 2 processes, which are
responsible for 21% of value addin

Ctotal %2 Cva p Cnva

C efficiency ¥ Value added products or
value added services carbon emission

Computation

Computation

Computation

Computation

Computation

Computation

4:1411 -
4:1477

5:44:162 -
5:294:308

3:4782 -
3:4791

5:4007 -
5:4163

8:2503 -
8:2522

8:3645 -
8:3723



784 Cva¥s X N %1 Cva i

78:5

X N %1 Cm  ip
CiE %P P il
NPjV41...

process; Pi;l: rated
power of Ith equipment
of the single piece
produ...

Application of green modified
value stream mapping to
integrate and implement lean
and green practices A case
study

Application of green modified
value stream mapping to
integrate and implement lean
and green practices A case
study

Cva¥aX N i%%1 Cva i¥aX N i%1 Cm ip Computation
CIE 4P P %1 NP%1 Qmij EFim;j Mijj
b XP ¥4l SXI¥1 Eidle p Pi;l tiva ;| EFelec

process; Pi;l: rated power of Ith equipment of =~ Computation
the single piece product of the ith process;
tiva ;| : efective working time of the Ith
equipment of the single piece product of the
ith process (value-added time); and EFelec:
discharge coefcient of electric energy.

Cnva% X N %1 Cnva i¥aX N %1 Cnm
ipCinNEpX R w¥l CT wpCl ¥aX P ival
NXj¥a1l hiQmi;j EFim;j 1 Mij pX P ival
SXIv41 Eidle il p Pi;l tinva;l EFelec p X
R w¥l ET w EFelec p ElI EFelec (5)
Where: Cnva i: non-value-added c

8:2734 -
8:2887

9:1 - 9:552



78:9

78:1

In the GMVSM model
(Figure 1), the
following attri- butes
are include...

Yv 72 ACv m Ymvkp
ACEv YEvk p ACTv
YTvk p ACIlv YIvk nv
Ya AQu...

Application of green modified
value stream mapping to
integrate and implement lean
and green practices A case
study

Application of green modified
value stream mapping to
integrate and implement lean
and green practices A case
study

In the GMVSM model (Figure 1), the Computation
following attri- butes are included. Pi: ith
process; Xi: required number of operators of
the ith process; Ni: required number of
equipment of the ith process; Mi;j: jth material
consump- tion of the ith process; Eijj: jth
energy consumption of the ith process; TiO:
non-value-added time of the preceding ith
process; Ti: hon-value-added time of the ith
process; ti : value-added time of the ith
process; EiO: energy con- sumption of the
non-incremental value of the preceding ith
process; ei: energy consumption of the
incremental Figure 1. Green-modifed value
stream mapping.

6 X.-Y. ZHU ET AL.

value of the ith process; Ei: energy
consumption of the non-incremental value of
the ith process; DiO: non-value- added
transportation distance of the preceding ith
pro- cess; di: value-added transportation
distance of the ith process; Di: hon-value-
added transportation distance of the ith
process; Ci0: non-value-added carbon
emission of the preceding ith process; ci:
value-added carbon emis- sion of the ith
process; and Ci: non-value-added carbon
emission of the ith process.

Yv¥aACv m Ymvk p ACEv YEvk p ACTv  Computation
YTvk p ACIv YIlvk nv ¥2AQv m EFm
Ymvk p & b Eidle p P Atv YEvk p AETv
EFelec YTvk p AElv EFelec YIvk nv P
P iva1 NPj%1 AQv mi;j EFim;j Ymvk p
PP i%a1 SPIa1 Eidle il p Pi;l Ativ;l

7:1520 -
8:490

9:3068 -
9:3432



78:1

797

82:3

82:5

82:6

82:7

simulation

MFCA

CFokgCO2b V4
EC6GJP CES kgCO
GJ2(1) CES¥h
DCO2H x%H p
DCO2B x%...

EE ¥4 Product value
Environmental impact

EE %1 Total setup
hours in one semester
Carbon emission
during setup H...

EE % Total production
hours in one
trimesterdfor each type
of machinep...

Application of green modified
value stream mapping to
integrate and implement lean
and green practices A case
study

Applying the green
Embedded lean production
model in

Creating value with less
impact Lean, green and eco-
efficiency in a

Creating value with less
impact Lean, green and eco-
efficiency in a

Creating value with less
impact Lean, green and eco-
efficiency in a

Creating value with less
impact Lean, green and eco-
efficiency in a

EFelec YEvk p PR w/1 AEv Tw EFelec
Yvk "Tp AElv EFelec Ylvk# nv

simulation

MFCA

CFokgCO2b ¥4 ECOGJP CES kgCO GJ 2
(1) CES¥% h DCO2H x%H p DCO2B x%B
b DCO2P x%P p DCO2G x%G p DCO2C
x%C p DCO2N x%N p DCO2W x%W p
DCO20 x%O (

EE ¥4 Product value Environmental impact

EE ¥4 Total setup hours in one semester
Carbon emission during setup Hours gCO2

EE ¥4 Total production hours in one
trimesterdfor each type of machinep Carbon
Emission during productiondfor each type of
machineb Hours gCO2

Computation

Computation

Computation

Computation

Computation

Computation

5:805 -
5:814

6:1006 -
6:1009

4:3087 -
4:3271

4:4108 -
4:4148

4:5028 -
4:5109

5:1634 -
5:1778



82:8

89:2

89:3

EE % Total production
hours in one
trimesterdsetup p
productionp Carb...

CFPVAT % X Ni
ADVAT;i EFi (3)
where: CFPVAT is the
carbon footpr...

The CVE proposed
above and the other
information are then
presented i...

Creating value with less
impact Lean, green and eco-
efficiency in a

Integrating and implementing
Lean and Green practices
based on

Integrating and implementing
Lean and Green practices
based on

EE ¥4 Total production hours in one
trimesterdsetup p productionp Carbon
Emissiondsetup p productionb Hours gCO2

CFPVAT % X Ni ADVAT; EFi(3) where:
CFPVAT is the carbon footprint generated
during value added time.

ADVAT,i is the activity data during value
added time for activity i.

EFi is the emission factor for activity i.

N is the total number of activity during value
added time.

Similar to assessing the carbon footprint
generated during value added time, Eq. (4)
computes the carbon footprint generated
during non-value added time.

CFPNVAT ¥ X Ni ADNVAT;i EFi (4)
where: CFPNVAT is the Carbon Footprint
generated during non-value added time.
ADNVAT,i is Activity Data during non-value
added time for ac- tivity i.

EFi is Emission Factor for activity i.

N is the total number of activity during n

The CVE proposed above and the other
information are then presented in a Carbon-
Value Effciency VSM (CVE-VSM). This en-
ables users to visualise and analyse the
value adding activities based on the amount
of carbon footprint generated. The CVE-VSM
will be presented in the case study in the
subsequent sections.

Computation 5:1787 -
5:1900

Computation 5:522 -
5:1243

Computation 5:1266 -
5:1582



89:9 CFPVAT is the carbon
footprint generated
during value added
time. CFP...

99:4  Design of Experiments

Integrating and implementing
Lean and Green practices
based on

LeanGreen integration
focused on waste reduction
techniques

CFPVAT is the carbon footprint generated
during value added time.

CFPNVAT is the carbon footprint generated
during non-value added time.

There are a number of methodologies to
guantify carbon foot- print (International
Organisation for Standardisation, 2013,
2006a, 2006b; The British Standards
Institution, 2011). To streamline the carbon
footprint quantifcation, a generic formula is
adopted from (Ng et al., 2014b, 2014c, 2012,
2011). Eq. (3) computes the carbon footprint
generated during value added time.
CFPVAT ¥ X Ni ADVAT; EFi(3) where:
CFPVAT is the carbon footprint generated
during value added time.

ADVAT,i is the activity data during value
added time for activity i.

EFi is the emission factor for activity i.

N is the total number of activity during value
added time.

Similar to assessing the carbon footprint
generated during value added time, Eq. (4)
computes the carbon footprint generated
during non-value added time.

CFPNVAT % X Ni ADNVAT;i EFi (4)
where: CFPNVAT is the Carbon Footprint
generated

Design of Experiments

Computation 5:1-5:1058
Computation 1:1271 -
1:1291



100:

103:

103:

106:

106:

110:

115:

programming model”
since it makes possible
to opti- mize different
ob...

Design of experiment

Principal Component
Analysis (PCA)

CO2 footprint indicator;
EVCO2 ¥ minimum
monthly CO2
emission=total i...
Carbon emission of i Y4
Total operation hours
exhaust gas mass
flowra...

simulation

%, CO2 emissions
(kglyear)/materials

Modelling green and lean
supply chains An eco-
efficiency perspective

Principal component analysis-
aided statistical process
optimisation

Principal component analysis-
aided statistical process
optimisation

Adaptive analytical approach
to lean and green operations

Adaptive analytical approach
to lean and green operations

A PDCA-based approach to
Environmental Value Stream
Mapping (E-VSM)

Are all lean principles equally
eco-friendly - A panel data
study

programming model” since it makes possible
to opti- mize different objective functions

Design of experiment

Principal Component Analysis (PCA)

CO2 footprint indicator; EVCO2 ¥ minimum
monthly CO2 emission=total i monthly
production average monthly CO2 emission
=total i monthly production

Carbon emission of i ¥ Total operation hours
exhaust gas mass flowrateof i gas GWP of
componenti (28)

simulation

Y, CO2 emissions (kg/year)/materials

Computation

Computation

Computation

Computation

Computation

Computation

Computation

4:1974 -
4:2060

1:924 -
1:943

2:3305 -
2:3338

9:3962 -
9:4108

9:3369 -
9:3476

2:4138 -
2:4147

5:6103 -
5:6137



136:

136:

138:

138:

138:

148:

carbon footprint (CFP)

Planning for
Environmental
Sustainability
Improvements — A
Concept based on
Eco-Efficiency
Improvement

multi objective
optimization

Harris et al. (2014)
have proposed a
model that optimises
the CO2 emi...
simulation

The second step
assigns the elementary
flows to impact
categories acc...

Planning for Environmental
Sustainability Improvements —
A Concept based on Eco-
Efficiency Improvement

Planning for Environmental
Sustainability Improvements —
A Concept based on Eco-
Efficiency Improvement

Review of Green Supply
Chain Processes

Review of Green Supply
Chain Processes

Review of Green Supply
Chain Processes

Value chain upgrading in a
textile dyeing industry

carbon footprint (CFP)

(Equations)

multi objective optimization

Harris et al. (2014) have proposed a model
that optimises the CO2 emission and
financial cos

simulation

The second step assigns the elementary
flows to impact categories according to the
contribution of the resource/emission to
different environmental problems, using
standard characterisation factors, and
evaluates the significance of potential
environmental impact

Computation

Computation
Framework

Computation

Computation

Computation

Computation

2:2861 -
2:2884

3:56:182 -
3:288:513

2:4775 -
2:4803

3:5379 -
3:5472

7:124 -
7:133

6:937 -
6:1202



150:

150:

155:

155:

155:

State space model

Promoting
sustainability of
manufacturing industry
through the lean

Equivalent per kilowatt
hour of generation
[gCO2eg/kWh] from a
specifi...

In the method “carbon
footprint analysis” the
total greenhouse gas

(...

Simulation

Promoting sustainability of
manufacturing industry
through the lean

Promoting sustainability of
manufacturing industry
through the lean

An Approach to Integrate
Parameters and Indicators of
Sustainability Management
into Value Stream Mapping

An Approach to Integrate
Parameters and Indicators of
Sustainability Management
into Value Stream Mapping

An Approach to Integrate
Parameters and Indicators of
Sustainability Management
into Value Stream Mapping

State space model

(Equations)

Equivalent per kilowatt hour of generation
[gCO2eqg/kWh] from a specific product

In the method “carbon footprint analysis” the
total greenhouse gas (GHG) emissions are
estimated in terms of carbon equivalence
(i.e. as tons of carbon dioxide equivalent
[tCO2e] or grams of CO2 equivalent per
kilowatt hour of generation [gCO2eq/kWh]
from a specific product [40].

Simulation

Computation

Computation

Computation

Computation

Computation

6:2169 -
6:2185

6:296:173 -
6:572:474

3:1972 -
3:2051

3:1771 -
3:2058

2:4862 -
2:4871



155:

11

160:

10

163:

(GRI)

mathematical mode

simulation

An Approach to Integrate (GRI)
Parameters and Indicators of
Sustainability Management

into Value Stream Mapping

Sustainability investments mathematical mode
and production planning

decisions based on

environmental management

The relationship between lean = simulation
and environmental

performance Practices and

measures

Computation

Computation

Computation

1:5069 -
1:5073

4:5685 -
4:5701

4:3442 -
4:3451
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The following table represents the survey results from the 25 participants. These results are associated with the survey statements provided in Annexure A of Chapter 4.

The total score has also been provided in the rightmost column. Furthermore, the Cronbach alpha and parameters feature at the bottom of this Appendix.

Table 1 — Sample set of survey results with Cronbach alpha parameters and calculation

Total

113
107
96
103
75
103
107
103
91

87

103
129
123
114
96
120
115
79
107
93
93
107
115
102
105

ST
27

0,8

ST
26

0,27

ST
25

0,67

ST
24

0,51

ST
23

ST
22

0,48 | 0,51

ST
21

ST
20

ST
19

ST
18

0,39 | 0,88 | 0,88 | 0,71

ST
17

ST
16

0,59 | 0,47

ST
15

ST
14

ST
13

0,36 | 0,82 | 0,77

ST
12

ST
11

ST
10

ST

159,8464
0,93622031

ST

ST

ST

ST

ST

ST

27 | Variance of total scare

15,7376 | Cronbach

ST

ST
1

0,46 [ 0,29 | 092 | 0,62 | 0,77 | 0,78 | 0,40 | 0,57 | 0,39 | 0,53 | 0,58 | 0,31

Participant

P1

P2

P3

P4

P5

P6

P7

P8

P9

P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25

Variance

Total Items

Sum of variance




