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3Es model 150–1
3M company 157–8
5R for Green Thinking 157
6M diagrams 70–71
80/20 rule 72

Abbott Laboratories, UK 192–3
ABC analysis 72–3, 75
accountancy firm example 123–4
accounting model 30
acquisitions 14
activity network diagrams 99–101
ADC UK case example 192–3
adhocracy cultures 176
advertising trends 155
advocates see Green Belts
Air Academy 176
airlines 154
Allied Signal 4, 14, 108
aluminium industry, USA 185
Analyse phase, DMAIC 44–7

DMAIC Lite 51
tools 77–87
worked-out example 48

ANOVA (analysis of variance) 211
arrow technique, activity diagrams 100
assessment design 17–18, 174–5

initial assessment 165–6, 199–200
project management 147
sustainability 35–40

attributes control charts 75, 77
audits, project management 47
automation with a human touch 10–11
autonomous maintenance 188
average 6, 208
awards programmes 35–6, 174–5

Balanced Scorecard 30–2, 34, 127, 174
Baldridge Award 35, 174–5
banking operations 200–1

bar charts 98–9, 179
baseline analysis 18
baseline float 142, 144
Basu, Ron 15, 137–8, 191–2
Bechtel engineering 137–8, 146–8,

198–9
bell-shaped curve 207–8
benchmarking example 200
best practice approach 40–1
biodiversity 151
Black Belts 9, 23, 50, 181–2

case examples 191–2
certification of 9–10
GE Six Sigma 112
Green Thinking 157
Master Black Belts 9–10, 114
PESTLE analysis training 84–5
Seagate Technology 114, 115
service operations 123–6
SMEs 129, 132
top-down method 24–5

Bossidy, Larry 1, 108
bottom-up method, project selection

24–5
BQF see British Quality Foundation
brainstorming 69–70, 72, 93–4
Brebric, Zeljko 191–2
the brief 139, 166–9
British Quality Foundation (BQF) 147
budgets 139, 143–5

see also cost . . .
buffer activities, project management

143–4
Building Sustainability Ltd 200–1
business alignment planning 9
business impact model 171
business plans 9, 131
business policy, services 122–3
business process re-engineering 1
business strategies, value disciplines 17
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call centre example 130–1, 193–5
capacity, savings projects 25
carbon footprints 159, 200–1
career paths, GE 112
Carrefour 153–4
Caterpillar supply chain 117
causal modelling 207, 211
cause and effect diagrams 69–72
CEDAC (cause and effect diagrams assisted by

cards) 70–1
cellular manufacturing concept 12
central tendency measures 208
certification 9–10, 17–18, 35–40
change

cultural change 162–3, 175–8, 182, 192–3
learning for 177–8
managing 80, 82, 113–14
training programmes 170

change management 80, 82, 113–14
change-over deficit, SMED 88
Chesebrough-Pond’s, Jefferson City 190–1
chief executive role 176–7
Citibank 5
clan cultures 176
Clarify phase, Kaizen Events 53
client communication 140–1, 145
climate change 149, 151, 153, 158, 160
co-variation 211
coefficients of correlation 211
coffee market 154
COGS (cost of goods sold) 25
communication methods 140–1, 145, 178
community hospital example 125–7
competition 119–20, 122–3
consulting firms 181–2
consumer initiatives 155–6

see also customer . . .
continuous improvement 39–40, 165
continuous learning programmes 135
continuous self-improvement 39–40
control actions, mistake-proofing 92–3
control charts 74–7, 105–6, 162
Control phase, DMAIC 44–5, 46–7

DMAIC Lite 52
tools 98–105
worked-out example 48–9

conversion table 213
conveyancing lawyers 132
COPQ see cost of poor quality
core teams 113–14
Corporate Leadership Council research 164
corporate social responsibility (CSR) 149,

159
correlation coefficients 211
cost benefits, project charters 65
cost constraints, customer satisfaction 121

cost control 144–5
see also budgets

cost of goods sold (COGS) 25
cost of poor quality (COPQ) 8, 25
cost variations, project management 141–2
Countrywide Property Lawyers (CPL) 132
CPM (critical path method) 99–101
critical path method (CPM) 99–101
Crosby, Phil 3
crucial to quality (CTQ) indicators 60, 63–5,

114
CSR see corporate social responsibility
CTQ tree 63–4

see also crucial to quality indicators
cultural change 162–3, 175–8, 182, 192–3
cultural differentiation 123–5
customer expectations 119–20, 122, 140
customer-focused call centres 130–1
customer intimacy 17
customer satisfaction

call centre example 193
quality and 14
resource utilisation 128
service operations 121–2, 128
Six Sigma 5

customer services 30–1, 121–3
see also service operations

customers
project charters 65
project management 140
resource utilisation 30–1, 128
Seagate Technology 114
service operations 119–20, 122
SIPOC diagram 59
see also consumer initiatives; crucial to

quality indicators
cycle time, savings projects 25

data distribution 207–8
data-driven processes see DMAIC methodology
de Bono, Edward 160
defects per million opportunities (DPMO) 25,

210
Define, Measure, Analyse, Improve, Control see

DMAIC methodology
Define phase, DMAIC 44–7

DMAIC Lite 51
tools 57–66
worked-out example 48

delivery of projects 171–2
demand review 33–4
Deming, W.E. 3, 40, 104
Deming wheel see PDCA cycle approach
design for Six Sigma (DFSS) 55, 113–15, 179
diagnostic X-ray assessment 199–200
dispersion analysis CEDAC 71
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dispersion measures 208–9
distribution curves 6–7, 207–8
distribution of time, call centres 194
DMAIC cycle see DMAIC methodology/cycle
DMAIC Full 43–50, 125
DMAIC Lite 43, 50–2, 133
DMAIC methodology/cycle 20–1, 43–55

application 45
basic steps 46–7
benefits 49
case examples 198–9
Green Belts 9
large organisations 108, 112, 114, 118
pitfalls 49
project management 137
service operations 125–6
Six Sigma 13
SMEs 129–30, 133
tools 57–106
training requirements 49–50, 52
worked-out example 48–9

DMAICL methodology 44
‘Do’ steps of FIT SIGMA 168
dot.com companies 13–14
Dow Chemical Company 14, 26, 48–9
DPMO see defects per million opportunities
Dupont Teijin Films 32, 187–8

e-business impact 13–14
economic analysis 83

see also PESTLE analysis
economic downturn effects 131
economic power, globalisation 14
efficiency

Green Thinking 150–1, 156–7
high-level 12
OEE 96
quality and 14
resource utilisation 128
run charts 67

EFQM see European Foundation of Quality
Management

Elida Faberge, UK 183–5
empowering middle management 195–6
‘end game’ scenarios 178
energy conservation 157
enterprise cultures 176
environmental analysis 83

see also PESTLE analysis
Environmental Management Dashboard

200–1
environmental pressure 149–55, 157–8
Envirowise 153
equipment time analysis 95–6
estimates, project management 139, 140
ethics 149, 150–1, 154, 158–9

European Foundation of Quality Management
(EFQM) 3, 36–7, 147, 166, 174–5, 179

Evaluate phase, Kaizen Events 54
excess inventory 156
Executive Steering Committee role 167
Executive Torch Bearer role 166, 167
exercises and questions 203–5
experts see Black Belts
external consultants 181–2

F-test 211
face-to-face interaction 121
fair trade 154
feedback phase of implementation 172
financial benefits, GE Six Sigma 110–11
financial measures 30–1
First Wave 2–3
fishbone diagrams 69–72
FIT SIGMA (�) 15–17

benefits of 13–41
deployment plan 21
implementation 161–82
road map to 2–5
technique selection 161–2
tools 57–106, 161–2

fitness for the purpose 17–19
DMAIC methodology 43
large organisations 107–8, 118
performance management 31
service operations 123–4
SMEs 131–2

fitness for sustainability 17, 28–41
large organisations 116, 118
project management 147
service operations 126–7
SMEs 135

Five S tool 90–2
the five whys 85–6
fixed costs 144
float activities, project management 143–4
flow diagrams/charts 61–3
Floyd Medical Centre 125–7
follow-up, project management 145
force field analysis diagrams 80–2
Ford Motors 14
free-wheeling brainstorming 93
frequency distribution 6–7

Gantt diagrams/charts 98–9, 179
gap analysis 122–3
gated processes 45, 184

see also DMAIC methodology
GBs see Green Belts
GE see General Electric
General Cable, Mexico 135
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General Electric (GE)
best practice approach 41
company profile 108
jet engine testing 156
Six Sigma in 1, 4–6, 14, 19, 22, 108–12

GHGs see greenhouse gases
GlaxoSmithKline Turkey (GSK Turkey) 35
Global Product Supply (GPS) 191
global warming see climate change
globalisation effects 14, 112, 117–19
Goldratt, E.M. 12
government initiatives, Green Thinking 152–3
GPS (Global Product Supply) 191
Green Belts (GBs) 9, 23

DMAIC Lite 50, 52
Green Thinking 157
Seagate Technology 114
service operations 123–6
SMEs 131, 133

Green logistics 151, 157
Green procurement 157
Green Sigma 152, 159
Green Thinking 149–60, 196–201
greenhouse gases (GHGs) 149, 159
GSK Turkey 35

hand-over follow-up, project management
145

hard savings 114
‘health check’ assessment 165–6
health and safety 145, 147, 158
hierarchical cultures 176
high level efficiency 12
High Speed 1 (HS1) Project 138–9, 145–8
hired equipment 144
histograms 6–7, 68–70
holistic approach 37–8
hospital example 125–7
household initiatives, Green Thinking 155
HS1 Project see High Speed 1 Project

IBM’s Green Sigma 152, 159
‘ideas factory’ 172
IDs (inter-relationship diagrams) 86–7
improvement

DMAIC methodology 44–8, 52, 87–98
FIT SIGMA implementation 178–81
GE programme 109–10
Sigma for 17, 19–28, 108–15, 118, 124–6,

132–4, 146–7
tools for 87–98

industrial engineering approach 3–4,
23, 49

inferential statistics 207, 210–11
information provision, services 121

initial assessment 165–6, 199–200
innovation, products 183–5
input, SIPOC diagram 59
insurance company case example 199–200
intangibles 145
integration

shift to variation 26–8
Sigma for 17, 19–28, 108–15, 118, 124–6,

132–4, 146–7
inter-relationship diagrams (IDs) 86–7
interaction, customer services 121–2
international frameworks, climate change

153
Internet impact 13–14
Ishikawa diagrams 69–72
ISO 9000 certification 35
iterative approaches 50

Janssen-Cilag 39–40
Japan 3, 90, 188–9
Japanese Institute of Plant Maintenance (JIPM)

188–9
Jefferson City, USA 190–1
jet engine testing 156
JIPM see Japanese Institute of Plant

Maintenance
JIT see just in time (JIT) approach
Juran, Joseph M. 3, 8, 17
‘just do it’ schemes 25, 171–2
just-in-time (JIT) approach 10

Kai Sigma, SMEs 129
Kaizen Blitz 13, 52
Kaizen Events 13, 43, 51, 52–4

case examples 189, 196–7
characteristics 53
process steps 53–4
SMEs 129, 133–4
training needs 54

Kanban system 10, 12
key performance indicators (KPIs) 32, 34
knowledge management 40–1

case examples 193
improvement targets 179
service operations 127
SMEs 135

KPIs see key performance indicators
kurtosis 209
Kyoto Treaty/Protocol 149, 152–3

large organisations
case examples 183–96
FIT SIGMA implementation 165
manufacturing firms 107–18, 183–96
Total Solutions 38–9
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leadership
forums 191–2
GE Six Sigma 111–12
Programme Leader role 167–9
supportive 111–12, 167–9
vision 176–7
workshops 169, 182

Lean Enterprise 2, 4
Lean Manufacturing 10, 27–8

case examples 185
single minute exchange of dies 88
value stream mapping 57, 59

Lean Operations 12
Lean Production 4
Lean Sigma (LSS) 2, 4, 10–13

case examples 192–3, 196, 199–200
distinguishing features 1
Green Thinking 151, 156–7, 159
improvement aspects 19–20
large organisations 116
Second Wave 3–4
service operations 123–4, 128
SMEs 129, 131, 133–4
success factors 15
sustainability 29
Third Wave 4–5
tools 20
see also Kaizen Events

Lean Thinking 146, 163
learning deployment programmes 21–3

FIT SIGMA implementation 181, 182
GE Six Sigma 111–12
Seagate Technology 115
service operations 126
SMEs 133, 135

learning organisations 40–1, 177–8
legal analysis 83

see also PESTLE analysis
legal practice example 132
levels of service 122, 123–4, 128
leverage process, DMAIC 44
life cycle approach, DMAIC 44, 137
logistics 151, 157, 186
‘low-hanging fruit’ opportunities 51
LSS see Lean Sigma

maintenance see total productive maintenance
major projects see High Speed 1 Project
management

awareness 164–6, 169, 175, 177–8
carbon footprints 200–1
empowerment 195–6
quality management 14
review 33–5
service operations 120–3
SMEs 131

supply chain 116–17, 149, 153–6
see also performance management; project

management; total quality management;
waste management projects

manufacturing operations 107–18
case examples 183–96
fitness for the purpose 123
Green Thinking 149, 152, 155–6
radar charts 102–3
service divide 119–21, 124–5
Total Solutions 37–9
workforce employed in 119

mapping
Six Sigma 26–7
value stream mapping 57–9, 151

market solutions, manufacturing 119
marketing function, services 122
Marks and Spencer 153
Master Black Belts (MBBs) 9–10, 114

see also Black Belts
mean 6, 207, 208
Measure phase, DMAIC 44–5, 46, 47

DMAIC Lite 51
tools 66–77
worked-out example 48

measures of
central tendency 208
dispersion 208–9
success 173–5, 181

median 208
mergers and acquisitions 14
‘method of intercept and slope’ 78
metrics 115, 173
middle management 175, 177, 195–6
milestone planning 142, 143
milestone reviews 179
mission statements 177
mistake-proofing 92–3
mode 208
monitoring performance 32–3, 187–8

see also performance management
Motorola 1, 4–6, 14, 107, 109
‘mudas’ see waste . . .

National Centre for Business and Sustainability
(NCBS) 152–3

National Starch and Chemical Company, USA
186

NCBS (National Centre for Business and
Sustainability) 152–3

network analysis 99–101
Network Rail WCRM 197–8
new product review 33
new starter implementation 163–81
Nippon Lever, Japan 188–9
non-profit organisations 152–3
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Noranda, Canada 22, 189–90
normal distribution 6, 207–8
Novozymes A/S 165, 195–6
null hypothesis 210–11

occupational safety 158–9
OEE see overall equipment effectiveness
ongoing costs 144
operational efficiency chart 67
operational excellence 2–3, 17, 116–17, 148
operational utilisation, OEE 96
organisation phase of programme 54, 166–9
output, SIPOC diagram 59
outsourcing 116, 117
overall equipment effectiveness (OEE) 88, 90,

94–8

Pareto, Wilfredo 20, 72
Pareto charts 72–4
PDCA cycle approach 29, 44, 103–5
PEP (Pliva Excellence Process), Croatia 191–2
perfection principle 12
performance management 29–32, 187–8

case examples 194
improvement targets 178–9
large organisations 107
radar charts 102–3
service operations 121, 127

performance monitoring 32–3, 187–8
PERT (project evaluation and review technique)

99–101
PESTLE analysis 83–5
‘phases and gates’ innovation process 184
Plan, Do, Check, Act see PDCA cycle approach
planning

business plans 9, 131
FIT SIGMA implementation 21, 168
project management 141–3
project plan/delivery 23–6
sales and operations 33–5
strategic planning 131, 149
see also PDCA cycle approach

Pliva Excellence Process (PEP), Croatia 191–2
PMBoK (Project Management Body of

Knowledge) 137
poka-yoke see mistake-proofing
Poland, Rosti Technical Plastics 134
polar graphs 101–3
political analysis 83

see also PESTLE analysis
pollution controls 149, 152, 157–8
population

inferential statistics 210
normal distribution 207

Porvair Ltd 170–1
pre-audit health checks 147

precedence diagrams 99–101
probability distributions 75
process capability 209–10
process classification CEDAC 71
process diagrams 59, 61–3
process logic, FIT � 23
process mapping 58
process sigma 210
product innovation examples 183–5
product leadership 17
product safety 158–9
production efficiency, OEE 96
production operations management 120
Programme Leader role 167–9
programme organisation 166–9
Programme Review 172
Programme Team role 168
project charters 64–6
project evaluation 31, 99–101
project evaluation and review technique (PERT)

99–101
project life cycle 44, 137
project management 137–48

the brief 166
case examples 196–201
objectives 139–45

Project Management Body of Knowledge
(PMBoK) 137

project plan and delivery 23–6
project prioritisation example 115
project selection 24–5, 171–2
project tracking 173, 174

quality
aspects of 14
in Green Thinking 149–50, 160
in project management 139, 143, 145

quality assurance 12
quality circles 23
quality management 14

see also total quality management
quality movement

barriers to 15–16
Motorola revolution 107

quality programme implementation 162–3
quantitative data 58–9
questions and exercises 203–5
‘quick fix’ limitations 180–1
quick hit opportunities 51

radar charts 101–3
radioactive waste management projects 198–9
Rail Link Engineering (RLE) 146–7
railway construction examples 197–8
range 208
RCC (Resource Conservation Challenge) 157
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reconciliation review 34
recycling 155
regression analysis 77–80
regulatory requirements, cultural change 193
reporting procedures 140–1, 144
Resource Conservation Challenge (RCC) 157
resource utilisation, customers and 30–1, 128
retailers 153–5
return on investment (ROI) 31
reuse 155
reverse supply chains 155–6
review processes

FIT SIGMA implementation 172, 174–5,
179

senior management 33–5
RLE see Rail Link Engineering
ROI see return on investment
rollout model, Six Sigma 110
Rosti Technical Plastics 134, 196–7
round robin brainstorming 93
run charts 67–8, 162
Run phase, Kaizen Events 54

S&OP see sales and operations planning
safety 145, 147, 149, 152, 158–9
sales and operations planning (S&OP) 33–5
samples 210
savings projects 25, 114, 171
scatter diagrams 77–8
scope planning 141
scope recommendations, project management

139–42, 145
SCORE approach 13, 52–4
Seagate Technology 27–8, 112–15
second generation pollution 152
Second Wave 2–4
Select, Clarify, Organise, Run and Evaluate see

SCORE approach
Select phase, Kaizen Events 53
self-assessment 17–18, 35–40, 147, 174–5

see also European Foundation of Quality
Management

SEM see structural equation modelling
senior management 33–5, 131
service gaps concept 122–3
service operations 119–28

case examples 196–201
DMAIC Lite 50
Green Thinking 152
levels of service 122–4, 128
manufacturing divide 120–1, 124–5
objectives 121–3
Six Sigma and 112
Total Solutions 37–9

set-up times, SMED 88–9
shutdown actions 92–3

Sigma (�) for improvement and integration 17,
19–28

large organisations 108–15, 118
project management 146–7
service operations 124–6
SMEs 132–4

Signature of Quality (SoQ) 39–40
single minute exchange of dies (SMED) 88–90
SIPOC diagrams 59–61, 126
Six Sigma 2, 5–8

benefits of 110–11, 114–15
case examples 183, 187–92, 193–9
Caterpillar 117
definition of objectives 112
deployment 9
design for Six Sigma 55, 113–15, 179
differentiation from TQM 4, 8
DMAIC cycle 13, 44, 48–50, 55
Dow Chemical Company 26
drivers for 108–9, 113–14
Dupont Teijin Films 32
General Electric 1, 4–6, 14, 19, 22, 108–12
Green Thinking 151, 160
implementation 164–5, 179
improvement aspect 19–20
mapping 26–7
misconceptions 14
project charters 66
project management and 137–8, 145–6, 148
Seagate Technology 27–8, 112–15
Second Wave 3–4
service operations 121–2
SMEs 18, 129–33
‘stalled’ programmes 179
statistics in 207
structured approach 8–10
success factors 15
tools 20, 107

Six Sigma Academy 21–2, 108
skewness 209
small and medium enterprises (SMEs) 129–36

case examples 196–201
definition 130
DMAIC Lite 50
FIT SIGMA implementation 165, 169, 170–1,

181
Six Sigma in 18
Total Solutions 38–9

SMED see single minute exchange of dies
SMEs see small and medium enterprises
Smith, Bill 4
smooth operation flow 12
social analysis 83

see also PESTLE analysis
social expectations, Green Thinking 149–50
soft savings 114
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SoQ see Signature of Quality
SPC see Statistical Process Control
specifications 121
spider diagrams 101–3
sponsor’s role 51–3
SPSS package 211
stability of processes 29
stakeholder roles 139, 152–6
‘stalled’ programmes 179
standard deviations 6, 75, 207, 209
Statistical Process Control (SPC) 158
statistics 6, 158, 207–11
steering committee role 167
strategic planning 131, 149

see also business strategies
strengths, weaknesses, opportunities and threats

(SWOT) analysis 82–3
structural equation modelling (SEM) 211
sub-contractors 144
success measurement, implementation 173–5,

181
supermarkets 153, 155
suppliers

definition 59
green initiatives 152
see also SIPOC diagram

supply chain
initiatives 27–8, 113
logistics 186
management 116–17, 149, 153–6

supply review 34
sustainability 151

definition 150
FIT SIGMA implementation 178–81
fitness for 17, 28–41, 116, 118, 126–7, 135,

147
Five S 91
leadership forums 191–2
NCBS 152–3

SWOT analysis 82–3

T-DMAIC for SMEs 129
t-test 210–11
Task Groups 168, 172
Taylorism 23
TBL see triple bottom line
team membership

numbers 167
Programme Team 168

technological analysis 83
see also PESTLE analysis

technology solutions, manufactures 119
terms of reference 139–40
Tesco 153
theory of constraints (TOC) 12
Third Wave 2, 4–5

time analysis, equipment 95–6
time distribution, call centres 194–5
time frame

customer satisfaction 121
FIT SIGMA implementation 168, 179–80
project charters 65
project management 139, 142–5

Timotei project, Elida Faberge 183–5
TOC see theory of constraints
top-down methods 24–5, 133
Torch Bearer role 166–7
total productive maintenance (TPM) 3, 88, 95–6,

188–9
total quality management (TQM) 44

case examples 190–1
differentiation from Six Sigma 4, 8
failures 1
First Wave 3
Second Wave 3–4
success factors 2

Total Solutions programme 37–9
Toyota Production System (TPS) 10–11, 116–17,

157
TPM see total productive maintenance
TPS see Toyota Production System
TQM see total quality management
tracking projects 173–4
training programmes 21–3

activity network diagrams 100–1
brainstorming 94
case examples 188–90
cause and effect diagrams 72
control charts 77
CTQ tree 63
DMAIC methodology 49–50, 52
FIT SIGMA implementation 169–71, 181–2
Five S 91–2
the five whys 85
flow diagrams/charts 63
force field analysis diagrams 81–2
Gantt charts 99
GE Six Sigma 110
histograms 69
inter-relationship diagrams 87
Kaizen Events 54
overall equipment effectiveness 98
Pareto charts 73
PDCA cycle 105
PESTLE analysis 84–5
project charters 65–6
project management 147
radar charts 102–3
regression analysis 80
run charts 68
Seagate Technology 114
single minute exchange of dies 89–90
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SIPOC diagram 61
SMEs 129, 131–6
SWOT analysis 82–3
value stream mapping 59

triple bottom line (TBL) 150, 159

UN Framework Convention on Climate Change
149, 153

Union Railways (UR) 146–7

Value Compass 127
Value concept 11
value disciplines, business strategies

17
Value Stream concept 11
value stream mapping (VSM) 57–9,

151
values, cultural 177
variable control charts 75, 77
variance in statistics 208, 211
variation

control 151
reports 140–1
shift to integration 26–8
sources 209, 211

‘vision’ 176–7

visual Six Sigma 193–5
VSM see value stream mapping

wages 144
Wal-Mart 153
warning actions 92–3
waste elimination 11–13

case examples 185
Five S 90–2
Green Thinking 156–7
service operations 123–4, 126
Toyota 10–11

waste management projects 198–9
WCRM see West Coast Route Modernisation
weekly reports, project management 141
Welch, Jack 1, 108–9, 111
West Coast Route Modernisation (WCRM)

197–8
White Belts, SMEs 129
Wipro Corporation 5–6
workforce distribution 119
workshops, leadership 169, 182
World Class definition 112

Yellow Belts, SMEs 129
yield conversion table 213
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