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Executive Summary 
 
South African supply chains have moved from basic survival mode to a focus on 
optimised supply chains. These focus mainly on a reduction of inventory, cost, and lead 
time. The further shift to end-to-end supply chain visibility might be required to improve 
customer service and the competitiveness of supply chains (KPMG n.d.). 
 
The World Resources Institute (WRI) reported that, since the Conference of Parties 21 
(COP21) in December 2015, six climate change milestones have been met. These 
milestones are: 2015 being recorded as the warmest year on record; record levels of 
heat was experienced in each month in 2016; the Arctic Sea ice currently at record low 
levels; a clearer connection between extreme weather conditions and climate change 
induced by humans; the impact of carbon-intense behaviour being more serious than 
predicted; and the Western Artic ice sheet is melting at a faster rate than previously 
predicted (Gilder, Parker and Rumble 2016). 
 
South Africa’s greenhouse gas (GHG) emissions constitute the largest single 
contribution on the African continent. If carbon emissions (CO2e) are not reduced, this 
will continue to grow exponentially. South Africa’s emissions are placed in the top twenty 
in the world when considering per capita emissions. The intensity of the emissions, 
calculated as the ratio of emission to gross domestic product (GDP), is also above the 
world average and is similar to that of other industrialised countries globally, such as 
Japan. The indication is that the South African Parliament will implement a carbon tax 
from January 2017 (as predicted in April 2016). It is not a question of whether a carbon 
tax will be implemented in South Africa, but when (Gilder et al. 2016). From the above 
statements it is clear that there is a need to understand and quantify the impact of 
implementing environmentally-friendly initiatives on business profitability and 
sustainability. This would be carried out through a multiple case study approach at a 
global, South African-based, fast-moving consumer goods (FMCG) company, so that the 
carbon tax could be minimised and the impact on the environment be reduced. This will 
be the main objective of the study.  
 
To achieve this, objective, the following secondary objectives must be achieved in order 
to develop a framework that can be used to quantify the impact of green supply chain 
initiatives on the profitability and sustainability of a business’ supply chain. The 
developed Green Business Profitability Framework is applied to a South African 
company’s supply chain to determine whether the framework can successfully quantify 
the impact on environmental and business profitability. 
 
Yin (2014) emphasises that a good research design should address the research 
objectives or questions, the propositions, and the unit of analysis. The research design 
should also enable a logical link to the propositions and the criteria that will be used to 
analyse the results of the case study. This research investigates the difference between 
environmental management and green supply chain management (GSCM). 
Subsequently, the history and theories behind GSCM are highlighted. Different decision-
making methods for GCSM are identified to address supply chain performance, 
environmental performance, cost modelling, and performance measures. Existing 
frameworks of GSCM are also analysed. The research study aims to answer how the 
impact of implementing environmental initiatives on business profitability and 
sustainability is best quantified in a South African business. Previous supply chain 
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research is reviewed, and arranged in an end-to-end supply chain matrix view to 
understand on which areas of the previous supply chain methods, frameworks, and 
research to focus. 
 
This research suggests that there is a need to quantify the impact of implementing green 
supply chain initiatives in a company, based on the profitability and sustainability of that 
company’s supply chain. Existing methods that are used to assess the business 
profitability and sustainability impacts of initiatives do not focus on monitoring the 
complete supply chain, from operational activities to longer-term strategic initiatives 
(Porter and Van der Linde 1999; Schaefer and Kosansky 2008; Marchal et al. 2011). In 
this study, carbon emissions are used as a measure for the impact of sustainability, and 
are combined with the activity-based costing (ABC) method to understand the impact on 
profitability as well.  
 
The analytical framework aims to help a company to evaluate the financial and 
environmental impact of sustainability initiatives, make strategic decisions to improve the 
business’ environmental impact, and to operate in such a way to gain competitive 
advantage. The end-to-end supply chain view can aid the understanding of GSCM from 
a wider perspective, and can help the business to be more responsive to, and aware of, 
the impact of business decisions on its supply chain. The notion of business profitability 
impact, rather than performance measures, is used to evaluate the supply chain in view 
of the greater impact business profitability will have on the supply chain. 
 
Relevant case studies were identified and used to determine the impact on the 
environment and on profitability of implementing initiatives aimed at reducing 
greenhouse gas (GHG) emissions. The supply chain operations reference model 
(SCOR) level 1 processes aided in selecting the case studies to ensure that different 
areas of the supply chain were addressed. The duration of the case studies was one 
year, because all the peak and off-peak times were included, and because financial 
performance is reported annually to the business and its shareholders; only then could 
the full annual impact be assessed. 
 
The developed green business profitability framework uses a combination of existing 
methods: the value-added analysis (VAA) approach, life cycle assessment (LCA), 
SCOR, product costing, ‘cost to serve’, the ABC method, the green supply chain 
operations reference model (GreenSCOR), and business profitability modelling (BPM). 
GreenSCOR enabled environmental initiatives to be tracked back to logistics operations, 
which made it easier to understand and implement. GreenSCOR also helped to link 
carbon emissions to their source, and to translate green supply chain actions into goals. 
Cash and Wilkerson (2003) noted that GreenSCOR helps with green management by 
linking best practices to the detailed processes; and, if it is applied, it can help to reduce 
carbon emissions. The framework of the South African Department of the Environment, 
Food, and Rural Affairs (DEFRA) as used to convert the savings into carbon emission 
savings. The green business profitability framework aims to determine the impact of 
green supply chain initiatives on business profitability and sustainability.  
 
The case studies addressed different applications of optimisation initiatives, from short-
term to longer-term strategic objectives. In the plan case study, the framework was 
applied to determine whether it could be used to solve short-term network planning 
queries. The source area focused on long-term strategy development, while the make 
case study incorporated recommendations from a third party consultant. The deliver 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



 
 

 

case study focused on modelling the impact of the current internal initiatives and market 
trends, while the return case study determined the impact caused by operational 
changes in the case study company. The results from using the green business 
profitability framework to model short-term strategic planning indicated that the reduction 
in kilometres travelled obtained by optimising the secondary transportation network was 
directly related to the total carbon emissions, but not to the increase in business 
profitability. In the case study, the net effect was reduced carbon emissions and 
increased business profitability; but it could not be assumed that all the distribution 
centres (DCs) would show a carbon emission saving. The case study results interpreting 
the third party consultant’s environmental sustainability initiatives indicated that the 
impact on profitability from implementing the various sustainable manufacturing 
initiatives was directly related to the carbon emissions, while the savings in lliquefied 
petroleum gas (LPG) had a bigger impact on profitability but a lower impact on 
sustainability. The deliver case study indicated that the impact on profitability was not 
directly related to carbon emissions. The daylight harvesting initiative had a bigger 
impact on carbon emission reduction, but a lower increase in business profitability than 
the fluorescent lighting initiative. The return case study showed that a higher carbon 
emissions reduction had minimal impact on business profitability. 
 
As South African businesses move from basic supply chains to optimised supply chains 
under the current economic pressure, business will need to reconsider all options to 
reduce costs. With the carbon tax legislation looming in 2017, businesses need to 
become smarter about implementing sustainability initiatives that makes financial sense. 
The green business profitability framework developed here is a possible tool to consider, 
as it could help determine the break-even point between environmental sustainability 
and cost saving. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



 

i 
 

Table of Contents 
CHAPTER 1: INTRODUCTION ...................................................................................................... 1 

1.1. BACKGROUND ......................................................................................................................................... 1 
1.2. RESEARCH PROBLEM ................................................................................................................................. 3 
1.3. RESEARCH OBJECTIVES .............................................................................................................................. 3 
1.4. RESEARCH APPROACH ............................................................................................................................... 3 
1.5. RESEARCH METHODOLOGY ......................................................................................................................... 5 
1.6. EXPECTED CONTRIBUTIONS ........................................................................................................................ 9 
1.7. LIMITATIONS AND ASSUMPTIONS OF THE STUDY ............................................................................................. 9 
1.8. DOCUMENT STRUCTURE ............................................................................................................................ 9 

CHAPTER 2: LITERATURE REVIEW .......................................................................................... 10 

2.1 OVERVIEW ............................................................................................................................................. 10 
2.2 CURRENT THEORIES, DECISION-MAKING METHODS AND BEST PRACTICES .......................................................... 17 
2.3 CONCLUSION OF EARLIER RESEARCH ............................................................................................................ 50 

CHAPTER 3: FRAMEWORK DESIGN ......................................................................................... 53 

3.1 FRAMEWORK DESIGN .............................................................................................................................. 53 
3.2 PROPOSED FRAMEWORK AND IMPLEMENTATION .......................................................................................... 70 
3.3 CONCLUDING REMARKS ........................................................................................................................... 71 

CHAPTER 4: BUSINESS PROFITABILITY FRAMEWORK APPLICATION .............................. 72 

4.1 DATA GATHERING PROCESS ....................................................................................................................... 72 
4.2 FRAMEWORK APPLICATION ....................................................................................................................... 78 
4.3 FRAMEWORK IMPLEMENTATION AND INTEGRATION ..................................................................................... 149 
4.4 ADDITIONAL CASE STUDY CONCLUSIONS ..................................................................................................... 150 

CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS .................................................... 151 

6. REFERENCES ........................................................................................................................ 154 

7. APPENDIX A ........................................................................................................................... 162 

8. APPENDIX B ........................................................................................................................... 173 

9. APPENDIX C ........................................................................................................................... 181 

10. APPENDIX D ......................................................................................................................... 196 

11. APPENDIX E ......................................................................................................................... 201 

12. APPENDIX F ......................................................................................................................... 234 

13. APPENDIX G......................................................................................................................... 239 

14. APPENDIX H ......................................................................................................................... 243 

15. APPENDIX I .......................................................................................................................... 244 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

ii 
 

List of figures 
 
Figure 1: Carbon emission output per country (Adapted from Mail and Guardian 2012) 10 
Figure 2: Carbon emissions per person per country (Adapted from Mail and Guardian 
2012) ............................................................................................................................. 11 
Figure 3: Overview of the literature review .................................................................... 13 
Figure 4: Supply chain for manufacturing tomato sauce (Adapted from Sehgal 2009) ... 16 
Figure 5: The EUISSCA's Sustainable Supply Chain Framework (Adapted from 
EUISSCA 2010) ............................................................................................................ 19 
Figure 6: Supply Chain Operations Reference Model (Adapted from SCC n.d.) ............ 21 
Figure 7: Overview of plan, source, make, deliver, and return process (Adapted from 
SCC n.d.) ...................................................................................................................... 22 
Figure 8: Total Supply Chain Footprint (Adapted from SCC n.d. and Van Zyl 2010) ...... 23 
Figure 9: Best practices related to the planning process using GreenSCOR (Adapted 
from SCC n.d. and Van Zyl 2010) .................................................................................. 26 
Figure 10: LCA method’s process steps (Adapted from Williams 2009)......................... 28 
Figure 11: Influence of green practices on supply chain performance (Adapted from 
Azevedo  et al. 2011) .................................................................................................... 32 
Figure 12: Environmental practices in the supply chain (Adapted from Toke et al. 2010)
 ...................................................................................................................................... 37 
Figure 13: Direct vs. indirect effects of carbon footprint in the supply chain (Adapted from 
Lee 2011) ...................................................................................................................... 39 
Figure 14: Product costing (Adapted from Jooste and Van Niekerk 2009) ..................... 41 
Figure 15: ‘Cost to serve’ (Adapted from Dawson Consulting n.d.) ................................ 43 
Figure 16: ‘Cost to serve’ methodology (Adapted from Jooste and Van Niekerk 2009) .. 43 
Figure 17: Cost allocation (Adapted from Jooste and Van Niekerk 2009) ...................... 45 
Figure 18: Research methodologies applied in the summarised case studies ............... 47 
Figure 19: Supply chain areas included in the summarised case studies ...................... 48 
Figure 20: Industries included in the summarised case studies ..................................... 48 
Figure 21: Approach followed to determine product costing and ‘cost to serve’ ............. 54 
Figure 22: Receiving, storage, and processing detail .................................................... 55 
Figure 23: Direct COGS cost breakdown and detail ...................................................... 56 
Figure 24: MOH cost breakdown and detail ................................................................... 57 
Figure 25: Finished goods storage detail ....................................................................... 58 
Figure 26: Storage cost breakdown and calculation ...................................................... 58 
Figure 27: Delivery detail ............................................................................................... 59 
Figure 28: Distribution cost breakdown and detail ......................................................... 60 
Figure 29: Overhead cost breakdown and detail ........................................................... 60 
Figure 30: Sales, marketing, administration, and overheads detail ................................ 61 
Figure 31: Sales and marketing detail ........................................................................... 61 
Figure 32: Administration and overhead costs ............................................................... 62 
Figure 33: Advertising detail .......................................................................................... 62 
Figure 34: Advertising cost ............................................................................................ 63 
Figure 35: Product costing and ‘cost to serve’ detail ...................................................... 64 
Figure 36: The detailed gross profit approach in the developed framework of splitting 
gross profits .................................................................................................................. 65 
Figure 37: Business profitability framework and levels .................................................. 67 
Figure 38: Developed Green Business Profitability Framework ..................................... 69 
Figure 39: Green Business Profitability Framework implementation plan (Adapted from 
SCC n.d. and US Department of Energy n.d.) ............................................................... 71 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

iii 
 

Figure 40: GHGs across the supply chain (Adapted from WBCSD and WRI 2001) ....... 72 
Figure 41: Baseline spend per cent per process ............................................................ 79 
Figure 42 Business Level Data output – Green Business Profitability Framework ......... 82 
Figure 43: Business level data output – Unit rate and unit rate per cent ........................ 83 
Figure 44: Green Business Profitability Framework – Profitability per business level .... 84 
Figure 45: Green Business Profitability Framework – Profitability per item brand level .. 85 
Figure 46: Green Business Profitability Framework– Profitability per sub-business level
 ...................................................................................................................................... 85 
Figure 47:  Green Business Profitability Framework – Profitability per export country ... 86 
Figure 48: Customer grouping for DCs 1 to 4 ................................................................ 88 
Figure 49: Best practices related to the plan process of the SCOR model (Adapted from 
SCC n.d. and Van Zyl 2010) .......................................................................................... 90 
Figure 50: Plan case study: As-is GP6 values per business level .................................. 91 
Figure 51: Plan case study: Impact of GP6 detail per business level ............................. 92 
Figure 52: Plan case study: As-is GP6 detail per DC ..................................................... 92 
Figure 53: Plan case study: Impact GP6 detail per DC .................................................. 93 
Figure 54: Plan case study – GP3 impact of 0.04 per cent ............................................ 94 
Figure 55: Plan case study – GP6 impact of 0.04 per cent and total saving of R1 million
 ...................................................................................................................................... 95 
Figure 56: DEFRA’s carbon emission conversions for distribution (Adapted from DEFRA 
n.d.) ............................................................................................................................... 96 
Figure 57: Source case study: Current co-manufacturing network and service area per 
plant .............................................................................................................................. 98 
Figure 58: Source case study: Proposed co-manufacturing KZN facility and service area
 ...................................................................................................................................... 99 
Figure 59: Source case study: Extra Western Cape manufacturing capacity and 
increased service area ................................................................................................ 100 
Figure 60: Source case study: Potential North West co-manufacturing facility and smaller 
Free State facility service area .................................................................................... 101 
Figure 61: Best practices related to the source process of the SCOR model ............... 103 
Figure 62: Source case study SC 1: GP1 to GP3 impact ............................................. 105 
Figure 63: Source case study SC 1: GP6 impact of 0.26 per cent and total saving of R6 
million .......................................................................................................................... 106 
Figure 64: Source case study: Scenario 1 As-is GP6 values per business level .......... 107 
Figure 65: Source case study: Scenario 1 GP6 values per business level ................... 107 
Figure 66: Source case study SC 2: GP6 impact of 1.05 per cent and total saving of 
R25.6 million ............................................................................................................... 109 
Figure 67: Source case study SC 2: GP6 impact of 1.05 per cent and total saving of 
R25.6 million ............................................................................................................... 110 
Figure 68: Source case study: Scenario 2 As-is GP6 values per business level .......... 111 
Figure 69: Source case study: Scenario 2 Scenario 2 GP6 values per business level . 111 
Figure 70: Source case study SC 3: GP6 impact of 0.37per cent and total saving of R9 
million .......................................................................................................................... 113 
Figure 71: Source case study SC 3: GP6 impact of 0.37 per cent and total saving of R9 
million .......................................................................................................................... 114 
Figure 72: Source case study: Scenario 3 As-is GP6 values per business level .......... 115 
Figure 73: Source case study: Scenario 3 GP6 values per business level ................... 115 
Figure 74: Electricity saving calculation – Conversion to kgCO2e ............................... 120 
Figure 75: Burner intake (Adapted from McComb  2013) ............................................ 122 
Figure 76: Uninsulated steam lines (Adapted from McComb 2013) ............................. 123 
Figure 77: Example of valve insulation (Adapted from McComb 2013) ........................ 123 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

iv 
 

Figure 78: Heat map of uninsulated pipes (Adapted from McComb  2013) .................. 124 
Figure 79: Heat map of uninsulated valves (Adapted from McComb 2013) ................. 125 
Figure 80: The process of waste plastic technology (Adapted from The Biofuels 
Academy 2015) ........................................................................................................... 126 
Figure 81: LPG energy saving calculation: Conversion to kWh ................................... 127 
Figure 82: Best practices related to the make process of the SCOR model ................. 129 
Figure 83: The original profitability per business level ................................................. 130 
Figure 84: The change in profitability per business level ............................................. 131 
Figure 85: The original profitability per business level ................................................. 131 
Figure 86: The change in profitability per business level ............................................. 132 
Figure 87: Deliver case study: Daylight savings initiative – carbon emission calculation
 .................................................................................................................................... 135 
Figure 88: Summary of the fluorescent lighting T8 fixtures initiative ............................ 137 
Figure 89: Deliver case study: Daylight Harvesting Initiative – GP2 impact of 0.001 per 
cent ............................................................................................................................. 139 
Figure 90: Deliver case study: Fluorescent lighting initiative - GP2 impact of 0.0002 per 
cent ............................................................................................................................. 140 
Figure 91: Return load – current geographical representation ..................................... 142 
Figure 92: Suggested return load process – geographical representation ................... 143 
Figure 93: Return case study – Applying the SCOR model and best practices ............ 145 
Figure 94: Return case study – GP3 impact of 0.04 per cent ....................................... 146 
Figure 95: Original profitability per business level ........................................................ 147 
Figure 96: Changed profitability per business level ..................................................... 147 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

v 
 

 
List of Tables 
Table 1: Different research strategies summarised for different situations (Adapted from 
Yin 2014) ......................................................................................................................... 5 
Table 2: Case study tactics for four design tests (Adapted from Yin 2014) ...................... 8 
Table 3: Toyota 5R approach (Adapted from Black and Phillips 2010) .......................... 27 
Table 4: Details of case studies ..................................................................................... 74 
Table 5: Gross profit levels ............................................................................................ 80 
Table 6: Gross profit calculations .................................................................................. 81 
Table 7: Current DC 1 detail .......................................................................................... 88 
Table 8: DC 1 optimisation detail ................................................................................... 89 
Table 9: DC 1 impact detail ........................................................................................... 89 
Table 10: Plan case study: Overall carbon emission reduction ...................................... 96 
Table 11: Plan case study results per annum ................................................................ 97 
Table 12: Source case study: Scenario 1: Overall reduction of carbon emission by 
adding a co-manufacturer in KZN ................................................................................ 107 
Table 13: Source case study: Scenario 2 Overall reduction of carbon emissions from an 
additional co-manufacturer in the Western Cape ......................................................... 112 
Table 14: Source case study: Scenario 3 Overall reduction of carbon emissions from 
building a new co-manufacturing facility in the North West .......................................... 116 
Table 15: Source case study results per annum .......................................................... 116 
Table 16: kWh conversion from DEFRA’s carbon emissions conversions (Adapted from 
DEFRA n.d.) ................................................................................................................ 117 
Table 17: Wattage reduction calculation detail for day and night shift operation (Adapted 
from McComb 2013) .................................................................................................... 119 
Table 18: Summary of the total energy and kgCO2e savings per initiative (Adapted from 
McComb 2013) ............................................................................................................ 121 
Table 19: Gas usage per manufacturing line ............................................................... 121 
Table 20: GJ to kWh conversion (Adapted from DEFRA n.d.) ..................................... 122 
Table 21: kWh to kgCO2e conversion (Adapted from DEFRA n.d.) ............................. 122 
Table 22: Summary of LPG energy saving initiatives................................................... 127 
Table 23: GP6 change per sales region level .............................................................. 132 
Table 24: Make case study results per annum ............................................................ 133 
Table 25: Deliver Case Study – Results per annum .................................................... 141 
Table 26: Current return load distance travelled (kms) ................................................ 142 
Table 27: Deliver case study – scenario comparison ................................................... 143 
Table 28: Kilometres saved ......................................................................................... 144 
Table 29: Suggested return load geographical representation – carbon emissions and 
kilometre calculation detail .......................................................................................... 144 
Table 30: Return case study results per annum .......................................................... 148 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

vi 
 

 
List of Appendices 

 

Appendix A 

 
SCOR process detail for Plan, Source, 

Make, Deliver and Return activities 
 

Appendix B 

 
Best practices in GreenSCOR related to 
Plan, Source, Make, Deliver and Return 

activities 
 

Appendix C 

 
Matrix summary of previous GSCM 

research 
 

Appendix D 
 

DEFRA’s carbon emission detail 
 

Appendix E 

 
Green Business Profitability Framework – 

Baseline Result Sheet Extract 
 

Appendix F 
 

Case Study: Plan Detail 
 

Appendix G 
 

Case Study: Make Detail 
 

 
Appendix H 

 

Ethical Clearance at the University of 
Pretoria 

 
Appendix I 

 
Sign off from case study company 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

vii 
 

 
List of Abbreviations 
 

ABC Activity-based costing 

AMSA ArcelorMittal South Africa 

ANP Analytical model 

APICS The American Production and Inventory Control Society 

BPM Business profitability modelling 

CDCs Central distribution centres 

CDP Carbon disclosure project 

CH4 Methane 

COGS Cost of goods sold 

CO2 Carbon dioxide 

CO2e Carbon emissions 

COP21 Conference of parties 

CP Cleaner production 

CPG Consumer packaged goods 

CSIR Council for Scientific and Industrial Research 

DCs Distribution centres 

DEFRA Department of Environment, Food, and Rural Affairs 

DfE Design for the Environment 

EA Environmental auditing 

ECP Economic performance 

EEGECOST Environmental Engineering Group environmental costing model 

EIA Energy Information Administration 

EMS Environmental management systems 

EPA US Environmental Protection Agency 

EPE Environmental performance evaluation 

ERP Enterprise resource planning 

EUISSCA Electric Utility Industry Sustainable Supply Chain Alliance 

FMCG Fast-moving consumer goods 

GDP Gross domestic product 

GHG Greenhouse gas 

GHGs Greenhouse gases 

GJ Gigajoule 

GP Gross profit 

GP% Gross profit percentage 

GRI Global reporting initiative 

GreenSCOR Green supply chain operations reference model  

GSCM Green supply chain management 

GSV Gross sales value 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

viii 
 

GTM Go to market 

GWP Global warming potential 

HFCs Hydrofluorocarbons 

HID High-intensity discharge 

IEMS Integrated environmental management systems 

IRR Internal rate of return 

ISO International Organization of Standardization 

JIT Just-in-time 

KG Kilogram 

kgCO2e Kilogram carbon emissions 

kVa Kilovolt ampere 

kWh Kilowatt-hour 

kW Kilowatt 

KZN KwaZulu-Natal 

LCA Life cycle assessment 

LCC Life cycle cost 

LCIA Life cycle impact assessment 

LCI Life cycle inventory 

LCS Life cycle screening 

LPG Liquefied petroleum gas 

M3 Cubic meter 

MCP Marginal customer profitability 

MET Material, energy and toxic-analysis 

MIPS Material Input per service unit 

MOH Manufacturing overhead 

MV Megavolts 

Nf3 Nitrogen trifluoride 

N2O Nitrous oxide 

O2 Oxygen 

OBIA Overall business impact assessment 

OP Operational performance 

PFC’s Perfluorocarbons 

PM Pocket margin 

PP Pocket price 

PPV Price variances 

PWC PriceWaterhouseCoopers 

ROE Return on equity 

ROI Return on investment 

rPET Recycled polyethylene terephthalate 

SCC Supply Chain Council 

SCM  Supply chain management 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

ix 
 

SCOR Supply chain operations reference model 

SCS JDA supply chain strategist 

SF6 Sulphur hexafluoride 

SME’s Small- and medium-sized enterprises 

SSA Sub-Saharan Africa 

TCA Total cost assessment 

TPS Toyota production system 

UI User interface 

UN United Nations 

UNEP United Nations Environment Programme 

US United States 

USA United States of America 

VAA Value-added analysis 

VBA Visual Basic for applications 

WBCSD World Business Council of Sustainable Development  

WRI World Resources Institute 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying green supply chain management: a South African Case Study   

 

1 
 

Chapter 1: Introduction 

1.1. Background 
 
South African businesses have moved from basic supply chains to optimised supply 
chains. Optimised supply chains, in contrast to basic supply chains, place significant 
focus on reducing costs, inventory, and lead times, in addition to enabling more efficient 
operations to remain competitive in the market. To operate optimised supply chains, the 
shift to an end-to-end supply chain view in the South African environment might be 
required in future to adhere better to customer service requirements and remain 
competitive in their respective markets (Kumar 2013).  
 
Marchal et al. (2011) explain that the gross domestic product (GDP) is a country’s 
monetary value measurement of all the goods the country has manufactured in a year. 
The total value of goods and services rendered are taken into account for the GDP 
calculation. Based on the assumption that within 50 years the world’s population will be 
1.5 times greater than the current population, the GDP per capita will increase 3.4 times 
by 2050. Based on the current figures, the South African population will increase 1.4 
times and the GDP per capita 2.1 times. The increase in population will result in an 
increase in pollution; and so eco-efficiency must also increase proportionally for the 
world to remain at the same level of environmental impact experienced today (Marchal 
et al. 2011).  
 
Van Hille and Louw (2012) highlight that the South African Minister of Finance, Pravin 
Gordhan, announced during the 2014 national budget speech that the implementation of 
carbon emissions tax would most likely begin in 2016, following on from the 
commitments South Africa made at the 2009 Copenhagen Climate Change talks to 
reduce carbon emissions. South Africa committed to reduce carbon emissions by 34 per 
cent in 2020 and 45 per cent in 2025. Van Hille and Louw (2015) add that this could only 
be achieved if all the private companies and government institutions in South Africa 
actively worked together to reduce carbon emissions. Companies such as Sasol and 
ArcelorMittal South Africa (AMSA) have said that the new carbon emissions regulations 
will only erode profit further, as they already have to deal with rising electricity prices and 
slow economic growth (Business Day Live (n.d.)).The Carbon Report (n.d.) highlights 
that the predicted cost for a ton of carbon emissions is R120, but that further discounts 
and thresholds would be put in place that would reduce the cost to between R6 and R48 
per ton carbon emissions (CO2e). Carbon tax excludes the levies that will be charged by 
Eskom for carbon tax – 3.5c per kilowatt-hour (kWh) – and that brought in R8.8 billion in 
2015, and will increase to 5.5c/kWh in 2017. The R8.8 million carbon tax levies earned 
by Eskom form part of the total levies Eskom will be liable to pay in order to generate 
electricity. 
 
Greve (2015) states that companies need to plan to accommodate the extra cost of 
manufacturing, and that this will already be a challenge in the current economic climate. 
The current carbon emissions legislation forces companies to understand the impact of 
their supply chain activities and of any cost savings they can obtain through 
implementing green initiatives. Frost and Sullivan (2015), who conducted the Barloworld 
supply chain foresight survey, reported that 64 per cent of the surveyed SA-based 
companies’ value enhanced social and environmental sustainability. They add that, of 
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the companies surveyed, 74 per cent view the demand for environmental and green 
credentials as a major trend and opportunity to adapt their supply chains accordingly, 
and that there is the potential scope to reduce supply chain costs. 
 
Friedman (2008) argues that a fast-growing population and global warming can cause 
the world to feel hot and crowded, and that there is limited time to react to the looming 
climate crisis. Companies therefore need to adopt more energy-efficient practices to 
reduce their impact on the environment and their contribution to global warming. One 
way to achieve this is to implement green supply chain initiatives. Srivastava (2007) 
states that green supply chain management (GSCM) is a combination of supply chain 
management and environmental management, and that incorporating the green factor 
into supply chain management requires an understanding of the relationships between 
supply chain management and the natural environment. 
 
Porter and Van der Linde (1999) comment that properly-designed green supply chain 
initiatives can lead to cost savings in the context of the total supply chain cost of a 
product. Thus implementing properly-designed green supply chain initiatives can 
increase the competitiveness of a company in its markets. However, they also note that 
leadership mainly focuses on the implementation cost, or static cost, and the cost 
savings of green initiatives, instead of calculating the net effect of the investment. Taking 
the cost and savings alone into account only indicates of the cost of making the change, 
but disregards how the change might impact another part of the supply chain and add or 
reduce cost. An illustrative example of this is the implementation of environmentally-
friendly packaging, which results in fewer units fitting into a case. This in turn means that 
more cases are handled in the warehouse, creating increased material handling 
requirements and more delivery trips to the customer, increasing the ‘cost to serve’ to 
the customer and possibly reducing profitability. Porter and Van der Linde (1999) 
therefore recommend that the total end-to-end supply chain impact be assessed before 
implementing an initiative. Schaefer and Kosansky (2008) note that network analysis 
and design can help companies to find optimal profitability in financially-competitive 
times. Adding green supply chain initiatives to the approach, they argue, may aid 
companies to understand how to implement GSCM in a sustainable and profitable way. 
They add that one way to achieve this is to use the supply chain operations reference 
model (SCOR) for end-to-end supply chain assessment, and to understand on which 
part of the supply chain to focus for sustainability and efficiency.  
 
Schaefer and Kosansky (2008) maintain that the SCOR model enables managers to 
understand how businesses relate to their markets and the possible influence of an 
activity on the supply chain. They also emphasise the need for any supply chain analysis 
and improvement method to focus on probability and sustainability simultaneously. The 
Supply Chain Council (SCC) (n.d.) explains that the SCOR reference model can be used 
to relate supply chain activities and their performance. They add that the SCOR model 
connects technology, processes, best practices of processes, and metrics. 
 
The above literature introduces the concept of GSCM, as well as the need for the use of 
an end-to-end supply chain assessment framework when considering the overall supply 
chain impact of the implementation of green initiatives. The rationale behind the 
research study presented in this dissertation is that quantifying the impact of green 
initiatives on business profitability and sustainability can help to bring about an improved 
understanding of the effect of green initiatives on the supply chain, which in turn can 
support strategic decision-making in businesses. 
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1.2. Research problem 
 
The preliminary research suggests that there is a need to quantify the impact of 
implementing green supply chain initiatives in a company, based on the profitability and 
sustainability of that company’s supply chain. Existing methods used to assess the 
business profitability and sustainability impacts of initiatives do not focus on monitoring 
the complete supply chain, from operational activities to longer-term strategic initiatives. 
Existing methods focus more on analysing the environmental impact, current legislation, 
and high-level costs, but do not analyse the impact of sustainability and profitability 
together (Porter and Van der Linde 1999; Schaefer and Kosansky 2008; Marchal et al. 
2011). 
 
Improving environmental impact performance is a long-term process, and so it is 
important to ensure that the analytical framework used will drive both strategic and 
operational decisions. Since few frameworks address both operational and strategic 
decision-making, a new framework is required to assess the impact of green initiatives 
on businesses’ profitability and sustainability. Thus the research question below will be 
investigated and answered throughout the research study presented in this dissertation.  
 
How can the impact of implementing environmental initiatives on business profitability 
and sustainability best be quantified in a South African business? 

1.3. Research objectives 
 
The main objective of the research study is to develop an analytical framework to 
quantify the impact of implementing environmentally-friendly initiatives on business 
profitability and sustainability in a multiple case study approach at a global, South 
African-based, fast moving consumer goods (FMCG) company. To achieve this, the 
following secondary objectives must be achieved: 
 

1. To develop a framework that can be used to quantify the impact of green supply 
chain initiatives on the profitability and sustainability of a business’ supply chain. 

2. To apply the framework to a South African company’s supply chain, to determine 
whether the framework can successfully quantify that environmental and 
business profitability impact. 

1.4. Research approach 

 
The research approach incorporates various methods, theories, and best practices to aid 
in the development of the framework. The analytical framework is aimed at assisting the 
case study company to evaluate the financial impact of environmental initiatives, make 
strategic decisions to improve the business’ environmental impact, and operate in a way 
that gives it competitive advantage in its markets.  
 
An FMCG company is also known as a consumer packaged goods (CPG) company 
(Statista 2015). Product characteristics include low profit, short shelf life, high volume 
sales, and a life span of less than a year. Familiar categories include personal care 
items, food and beverages, household items, tobacco, pet care products, and clothing 
(Statista 2015). According to Investopedia (n.d.), FMCG products are accessible to 
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people in developed and developing countries on a daily basis. They are also found in a 
sizable marketplace represented by some of the largest companies in the world. Statista 
(2015) adds that the largest FMCG companies in the world that are rated on net sales in 
millions of US$ include Nestle, Procter and Gamble, PepsiCo, Unilever, Coca-Cola, AB 
InBev, JBS, Mondelez, Archer Daniels Midland, and Tyson Foods. 
 
According to Fouché (2012), South Africa has the 20th largest retail market in the world, 
and leads the international community’s changing perceptions of investing in Africa. He 
predicts that Africa’s GDP is expected to swell by 1 trillion US$ by 2020. Statistics South 
Africa (n.d.) report that retail market sales for 2014 were R707 million, of which 41 per 
cent were contributed by general dealers, 21 per cent by textile and clothing businesses, 
and 9 per cent by food and beverages businesses. The remaining 29 per cent were 
contributed by pharmaceutical, household, hardware, and other businesses.  
 
Fouché (2012) also states that the demand for consumer goods in South Africa was 
R491.5bn in 2011, and was expected to grow at a rate of 11.5 per cent for the period 
2012 to 2016. Kumo, Omilola and Minsat (2015) report that the South African 
manufacturing industry contributed 13.2 per cent of the GDP at 2014 prices, and that the 
expected GDP growth for 2015 was 2.0 per cent. 
 
Miles (2014) remarks that Africa‘s markets offer significant expansion opportunities for 
FMCG businesses specialising in food and other necessary low-cost supplies, due to the 
high poverty levels in Sub-Saharan Africa. She adds that South Africa is seen as the 
gateway into Africa for large FMCG companies. The strategy is to manufacture the 
products in South Africa and then export them to the rest of Africa, thus investing in the 
markets before investing in manufacturing infrastructure in Africa. The Economist and 
the International Monetary Fund (n.d.) published a list of the world’s top ten fastest-
growing economies for 2015. Seven of the countries were in Africa: Ethiopia, 
Mozambique, Tanzania, Congo, Ghana, Zambia and Nigeria. The Economist and the 
International Monetary Fund (n.d.) have predicted that Sub-Saharan Africa (SSA) would 
grow by 4.5 per cent in 2015 – a lower rate than in previous years, due to the decline in 
oil and other commodity prices. 
 
Furthermore, the impact of consumer goods on the environment has been investigated 
and has been found to be significant. Coad (2014) reports that the worldwide impact of 
the use of plastics for consumer goods on the environment, measured as natural capital 
cost, exceeds 75 billion US$ annually. She also highlights the need for businesses to 
manage and report on the use of plastics to manage costs and manufacture more 
sustainable products. Locally, topics to do with the environmental impact of FMCGs 
have been investigated in various forms. Du Toit (2011) indicates how various aspects of 
sustainability related to FMCG products impact customer behaviour, and specifically how 
‘green’ labelling influences consumer decisions. Consumers are placing more pressure 
on businesses for environmentally-sustainable practices; and this might influence buying 
behaviour. According to Van Hille and Louw (2012), the major South African retailers 
have stated that the introduction of carbon tax could have a R100 million annual impact 
on their costs. They add that companies are introducing initiatives to reduce electricity 
usage, fuel usage, and infrastructure costs. They also note that South African retailers 
have identified three opportunities to make the best use of packaging: recyclability, 
incorporating recycled content into current packaging, and light weighting. Woolworths 
South Africa committed to having 100 per cent of their packaging using recyclables by 
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2015. Pick and Pay and Woolworths have also introduced an initiative called ‘rPET’ 
(recycled polyethylene terephthalate) which is the inclusion of rPET into their packaging.  
 
The aspects discussed above show how the FMCG industry and its impact on the 
environment is a topic that is both current and locally relevant. It would therefore be a 
suitable industry to be the focus for multiple case studies at a single FMCG company. 
The research reported above also highlights the growth opportunities for companies in 
Africa, making it a promising continent for investment. This study, therefore, will focus on 
a large FMCG company in South Africa that also exports significant volumes to other 
African countries. This company is one of the top ten largest FMCG businesses in the 
world, and has aggressive growth targets. With the implementation of carbon tax 
looming, there is a need for the case study company to understand the impact of green 
initiatives on business profitability and sustainability. The framework will be tested in this 
business that operates in the food and beverage market. 
 
This will be achieved through a series of case studies to quantify the impact of 
implementing environmentally-friendly initiatives on business profitability and 
sustainability at a selected company. The developed framework will be tested at a 
strategic level and at the lowest detail activity level, to investigate whether the framework 
can successfully quantify the environmental and business profitability impact.  

1.5. Research methodology 
 

1.5.1 Research strategies 
 
To address the research question, a suitable strategy is needed that focuses on current 
events and addresses the research question – that is, how the impact of implementing 
environmental initiatives on business profitability and sustainability can best be 
quantified in a South African business. Yin (2014) states that there are three conditions 
that distinguish different research strategies from one another. These are: the type of 
research question, the control over events, and the focus on historical or current events. 
Yin (2014) adds that five types of strategies can be applied to research studies: 
experiment, survey, archival analysis, history, and case study. Similarly, there are five 
types of research questions: ‘who’, ‘what’, ‘where’, ‘how’, and ‘why’. Table 1 summarises 
the conditions, the five types of research study, and the research questions.  
 
Table 1: Different research strategies summarised for different situations (Adapted from Yin 2014) 

 
 
The experimental, history, and case study research studies apply to ‘how’ and ‘why’ 
structured research questions. These questions are more explanatory, and involve the 
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investigation of an operational environment over time rather than tracking a single 
occurrence or event. The difference between the experimental, historical, and case 
study strategies is determined by the control that the researcher needs to have over the 
study. The experimental strategy occurs in a laboratory; and this is applicable when the 
researcher has direct control, manipulating behaviour in a controlled and isolated 
environment. The historical strategy is preferred when no access or control is required; 
the study deals with the ‘dead’ past. The researcher will rely on historical information as 
a source of evidence. When the historical strategy deals with current events, then it 
becomes a case study strategy – the preferred research strategy when examining 
current events. A case study includes the same techniques as the historical strategy, but 
it also includes direct observation and interviewing. The case study strategy will be the 
best one to use when investigating a current event over which there is little or no control. 
The ‘what’, ‘where’, ‘how much’, and ‘how many’ questions are either about widespread 
presence or explanatory questions. In the case of the widespread presence, surveys or 
archival analysis are the recommended strategies, as both are appropriate when the 
research goal is to describe an occurrence or to predict a particular outcome (Yin 2014). 
 
Gulsecen and Kubat (2006) comment that the case study research method is best for 
understanding difficult problems, and is mostly used when in-depth research is required. 
The case study method must show that it is appropriate to answering the research 
question, that the proper guidelines are followed, and that there is enough evidence to 
come to an accurate conclusion. In-depth research is required to quantify the impact of 
environmental initiatives on business profitability and sustainability due to the detailed 
kind of financial data that is required, and to ensure that enough evidence is considered 
for an accurate conclusion. Various green supply chain methods will be evaluated for 
their suitability for use in a series of case studies in different sections of the supply chain 
at the case study company.  
 
In addition, Zainal (2007) notes that it is important to prove that the case study approach 
is the only way to obtain reliable data from the source in the light of the research 
question. The quantitative proof of the analytical framework is methodically recorded, 
and the backbone of the case study is a theoretical framework. A theoretical framework 
will be developed, and – because of the level of input data required for the framework – 
the case study approach will allow reliable data collection: actual financial data will serve 
as quantitative proof of the outcome, by comparing it with the original set of values. The 
financial statements will provide detailed level general ledger and actual expense data. 
Because of the high granularity of this data, a case study will be the most suitable 
method to answer the research question. To ensure a methodical approach, the supply 
chain will be assessed in terms of the SCOR model top level processes: plan, make, 
source, deliver, enable, and return.  
 
The use of a case study research strategy will allow for the problem to be understood in 
great detail – something that is necessary when dealing with financial data and when 
working in the natural setting to understand the full impact on the end-to-end supply 
chain (Gulsecen and Kubat 2006; Zainal 2007).  
 
Seuring (2008) adds that case studies can be useful when analysing a problem in its 
natural setting, because they make it possible to carry out direct observation. Thus the 
case study method was used at the selected FMCG company to perform multiple case 
studies – given that the application of a single case study is beneficial when it is 
representative of a critical example, represents a larger group, is exclusive, and can be a 
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trial for multi-case study research in the future (Seuring 2008). The proposed series of 
case studies at the case study company will be indicative of one of the major role 
players in the FMCG industry, and the analytical framework applied to it will be built in a 
generic fashion. The study will allow the framework to be applied to multiple case studies 
at other companies for future research. The generic fashion of the framework will allow 
the company to select the level at which they want to analyse, and is dependent on the 
amount of data they have available and what section of the supply chain they want to 
analyse. The model allows for different views of the financial data to be included in it, 
and it is flexible enough to calculate the environmental impact of initiatives. This will 
allow a company to track the impact of green supply chain initiatives, and not simply to 
implement them. 
 
The case study strategy will be the most suitable approach to answering the ‘how’ and 
‘why’ questions, which link back to the objectives of the study. The ‘what’ question 
(quantifying the impact of green supply chain initiatives on profitability) and the ‘how’ 
question (determining the suitability of the framework in a South African business) imply 
an environment over which the researcher has little or no control, and address a 
contemporary event that cannot be manipulated. The data collection will also be partly 
historical, partly direct observation of the case study environment. 
 

1.5.2 Validity and reliability 
 
Gulsecen and Kubat (2006) add that the case study method as a powerful research tool 
receives the most criticism, and that a case study must be planned in great detail to 
ensure success. The disadvantage of a single case study approach, they say, is that it 
lacks generalisable results. To overcome this, they suggest that case studies be tested 
many times through the application of different methods. The value and validity of the 
framework developed here will be analysed through a series of case studies at the case 
study company, to address the various validity and reliability tests summarised below. 
 
Yin (2014) summarises the tests and tactics that would ensure the validity and reliability 
of a case study (Table 2). A research study needs to represent a logical set of 
statements; and their quality can be judged by applying certain logical tests. To ensure 
the validity and reliability of a case study, four tests can be applied: construct validity, 
internal validity, external validity, and reliability. Construct validity includes ensuring that 
a fixed set of operational data are used to collect data, and that subjective judgments are 
used to collect the data. Construct validity tactics include the use of multiple sources of 
evidence, establishing a chain of evidence, and verifying the case study results with key 
informants.  
 
Yin (2014) says that internal validity is only applicable in causal studies that involve the 
investigator making incorrect assumptions about the correlation between variables. To 
ensure external validity, the applicable tactics include pattern matching, explanation 
building, and time series analysis. External validity establishes the domain to which the 
case study results can be generalised. To avoid generalising the findings of the case 
study beyond its immediate domain, replication logic can be used in multiple case 
studies. External validity occurs in the research design phase, and the researcher needs 
to ensure that the domain is clearly defined. In this study, the domain will be the South 
African-based FMCG company in which multiple case studies will be performed and 
from which results can be generalised. 
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‘Reliability’ refers to following a methodology for data collection and framework 
application that can be repeated with the same results. The test for reliability will be that 
a researcher applies the same data collection and application processes, and they have 
the same findings and conclusions. To ensure reliability, the steps of the case study 
must be documented in detail. Reliability can be assured by using a case study protocol 
and developing a case study database. To ensure reliability, the research must be 
conducted such that it can be audited by the case study company at any time.  
 
 Table 2: Case study tactics for four design tests (Adapted from Yin 2014) 

 
 
To ensure validity and reliability in the application of the case study, the following tactics 
will be applied: 
 

 To ensure construct validity, the case study will include multiple sources of 
evidence, partly from historical data and partly from direct observation. 

 The data that will be used can be referred back to current processes and 
company records to establish a chain of evidence for construct validity. 

 For construct validity, the case study company will also sign off the study’s 
results, and the key informants will review the draft case study report to ensure 
the validity of the data and that the recommended findings are practical to 
implement. 

 To ensure external validity, replication logic will be applied to the multiple case 
studies by ensuring that the same framework and analytical steps are followed to 
implement the designed framework in different sections of the supply chain. 

 Reliability will be ensured by recording the detailed steps taken in conducting the 
case study, to ensure that it can be repeated and yield the same results. 

 
The framework will be developed using previous research, the application of other 
frameworks, and case studies. The developed framework will be applied to a series of 
cases studies in different parts of the case study company’s supply chain. Building the 
theory will be the largest part of the method, followed by testing the theory and 
application research. Theory-building includes the academic research; summarising it in 
an end-to-end supply chain matrix view; using the existing literature; highlighting which 
parts of the supply chain are addressed by existing frameworks; the specific industry 
focus of the case studies; and the applied research methodologies. The theory-testing 
and application research will be done by applying the framework to multiple case studies 
at a single case study company. The baseline (actual) will be compared with the different 
scenarios to understand the full impact of green supply chain initiatives. The details of 
the design will be discussed in Chapter 3.  
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1.6. Expected contributions 
 
The deliverables of the project can assist the case study company to understand the 
financial and sustainability impact of their green supply chain initiatives, and to identify 
which factors to consider before implementing such initiatives. It can also serve as a trial 
for other case studies in which the framework could be used in other companies and 
industries (Seuring 2008). 
 
The researcher’s contribution to the scientific knowledge base will be in the form of an 
analytical framework that can enable FMCG companies to evaluate and quantify the 
financial and sustainability impact of their green initiatives. The project can also serve as 
the basis for future research in other projects that evaluate the financial and 
sustainability impact of environmentally-friendly initiatives. To the author’s knowledge, 
this will be the first end-to-end Green Supply Chain case study analysing the impact of 
GSCM on profitability and sustainability in a South African company. 
 

1.7. Limitations and assumptions of the study 
 
The scope of the study was limited to one South African FMCG company in order to be 
able to study this company in some depth, and to determine whether the framework 
could be a suitable solution for quantifying GSCM in a business. Therefore, not all main 
role players in the FMCG industry in South Africa were analysed; and the study should 
not be used to derive industry trends. However, it serves as a good starting point for 
similar studies in the future. 
 
It should be noted that a confidentiality agreement was entered into with the case study 
company; thus any financial information, monetary amounts, or customer information 
may not be published. Although financial values similar to the company’s actual financial 
values had to be substituted in reporting the case study results in the document, the 
relationship between the values remains unchanged so that they reflect the true results 
of implementing the green business profitability framework. The actual values will be 
used to establish the reliability and validity of the study and to audit the results; but they 
cannot be published in this report. 
  

1.8. Document structure 
 
Chapter 2 provides a detailed study of current methods, models, and approaches to 
quantifying GSCM, and of the latest developments in GSCM. Chapter 3 focuses on the 
framework design, and investigates theories, models, and methods to use during the 
development of the framework. A description of the framework design process and the 
proposed framework itself are presented in this chapter. Chapter 4 summarises the data-
gathering process, the analysis, the identification of key performance indicators, testing 
of the framework, and the results of the case studies at the case study company. The 
final chapter summarises the findings of the study, makes relevant recommendations, 
and presents future opportunities arising from the study. 
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Chapter 2: Literature Review 

2.1 Overview 
 
An editorial in the Mail and Guardian (2012) asserts that the ‘Earth has only one decade 
to pull back from various environmental tipping points before the damage caused by 
current consumption and production patterns becomes irreversible’. The article also 
summarises the state of resources per country, and how South Africa measures against 
China, Brazil, and Nigeria in consumption of resources. It is estimated that South Africa 
emits nine tonnes of carbon emissions per person, compared with China’s five tonnes 
per person and Brazil’s two tonnes. South Africa also has the highest energy 
consumption per capita when compared with China, Brazil, and Nigeria. It is becoming 
increasingly important, therefore, for South African businesses to determine and manage 
the environmental impact of their products. The statistics are presented in Figures 1 and 
2. 
 

 
Figure 1: Carbon emission output per country (Adapted from Mail and Guardian 2012) 
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Figure 2: Carbon emissions per person per country (Adapted from Mail and Guardian 2012) 

 
One way to achieve this is to adopt an end-to-end supply chain view, also known as the 
life cycle assessment (LCA) or the cradle-to-grave approach, to calculate and compare 
the environmental impact of a product throughout its supply chain (Clift and Wright 
2000). Another method for assessing the environmental impact of a business, developed 
by Unilever, is referred to as the overall business impact assessment (OBIA) model. It is 
used to determine the impact of environmental factors and the economic value of a 
product as it moves through the supply chain (Clift and Wright 2000). 
 
Despite the increasing need to measure and manage the environmental impact of 
businesses and their supply chains, many decision-makers remain hesitant to implement 
environmental management initiatives. In a study investigating the different ways in 
which companies can add more value to their supply chains by adding ethical, 
economic, social, and environmental levers – for example, by manufacturing at a lower 
cost and sourcing more sustainably – the researchers found that selected managers in 
large international organisations think that daily operational activities require a high 
number of resources and time, and that there is limited time for an agenda supporting 
sustainability (Price Waterhouse Coopers [PWC] and The American Production and 
Inventory Control Society [APICS] 2013). The study also identifies companies’ hesitation 
about implementing environmentally sustainable solutions due to the uncertainty of the 
impact. The concern is whether these solutions would in fact result in cost reductions 
and increased productivity. 
 
In addition, results from a PWC and APICS survey indicate that most of the leaders in 
the responding companies do not support the drive to implement ‘green’ supply chain 
initiatives in their businesses, that the cost savings of green initiatives are not 
measurable, and that the impact of green initiatives is generally unknown (PWC and 
APICS 2013). The survey also summarises various factors hampering the success of 
green initiatives, including that the current performance measures do not allow for green 
measures; that it is a struggle to motivate green initiatives for investment; and that green 
initiatives are not part of companies’ strategic objectives. 
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In order to react to the looming climate change crisis, the managers and decision-
makers of businesses need to place a greater emphasis on environmental and green 
supply chain management (GSCM). 
 
Yin (2014) emphasises that a good research design should address the research 
objectives or questions, the propositions, and the unit of analysis. The research design 
should also enable the logical linking of the propositions and the criteria that will be used 
to analyse the results of the case study. Yin (2014) highlights that the main purpose of 
the case study method is to develop or test theory. Therefore, theory development is 
essential in the design phase of the case study. To enable this, and to ensure a proper 
case study, an overview of the structured literature review approach can be viewed in 
Figure 3. The structured approach can aid in understanding the various areas of GSCM 
that will be included in the research, and how the research is structured to address the 
research question. 
 

The differences between environmental management and GSCM are investigated, and 
then the history and theories behind GSCM are highlighted. Different decision-making 
methods for GCSM are identified to address supply chain performance, environmental 
performance, cost modelling, and performance measures. Existing frameworks of GSCM 
are also analysed to determine whether or not a suitable framework already exists. The 
research study aims to discover how the impact of implementing environmental 
initiatives on business profitability and sustainability can best be quantified in a South 
African business. Previous supply chain research is reviewed and structured in an end-
to-end supply chain matrix view in order to understand which areas of the previous 
supply chain methods, frameworks, and research to focus on.  
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Figure 3: Overview of the literature review 
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2.1.1 Environmental management  
 
Environmental management is the management of natural resources used for basic 
human needs by minimising the effect of daily activities on the environment (De Beer 
and Friend 2006). Since the available natural resources cannot sustain current 
consumption levels in the long-term, businesses must implement sustainability 
measures and environmental management initiatives.  
 
Environmental accounting is a new way of understanding the environmental impact of 
the supply chain. This can be used in conjunction with other environmental management 
tools, such as International Organisation of Standardisation (ISO) 14001 and Integrated 
Environmental Management Systems (IEMS), to manage and reduce the environmental 
impact of businesses (De Beer and Friend 2006). 
 
The benefits of combining environmental accounting and environmental management 
frameworks in businesses are illustrated in a number of success stories. General Motors 
reported a $12 million saving by introducing reusable containers; the Andersen 
Corporation’s internal rate of return (IRR) exceeded 50 per cent by investigating and 
eliminating waste at the source; and Commonwealth Edison introduced more effective 
resource utilisation and realised a $25 million saving as a result (De Beer and Friend 
2006). 
 
When implementing environmental management approaches in the business 
environment, it is important to distinguish between internal and external environmental 
costs (De Beer and Friend 2006). Internal costs consist of day-to-day operational, 
conditional, or hidden costs, where operational costs are running costs, such as raw 
material and equipment costs; conditional costs are future-based costs; and hidden 
costs are any other unexpected costs. Conversely, external costs are costs outside the 
firm for which the firm is not liable.  
 
Many approaches or tools can be used to measure and manage the impact of business 
on the environment. These include Cleaner Production (CP) (United Nations 
Environment Programme (UNEP) n.d.), LCA (ISO n.d.), Life Cycle Screening (LCS) 
(Brezet 1995), Life Cycle Cost (LCC) (U.S. Department of Defense n.d.), Material, 
Energy and Toxic-Analysis (MET) (U.S. Environmental Protection Agency [EPA] 1992), 
Material Input per Service Unit (MIPS) (Liedtke 1994), Design for the Environment (DfE) 
(U.S. EPA 1992), Environmental Auditing (EA) (U.S. EPA 1992), Environmental 
Performance Evaluation (EPE) (ISO n.d.), and Environmental Management Systems 
(EMS) (U.S. EPA 1992) (Magerholm Fet 2002). 

 
Magerholm Fet (2002) reports that the CP method works on the same principles as the 
EPE. The process involves an initial investigation to identify optimisation opportunities in 
reducing or eliminating waste. The findings are then used to determine which areas to 
prioritise. This methodology includes the development of a detailed pollution prevention 
framework and how to apply it, and provides guidelines for recycling and cost-effective 
alternatives that will minimise pollution. A limitation of the tool is that it does not include 
any studies assessing the impact on the environment.  
 
LCA is a method standardised by the ISO, an organisation that develops and publishes 
international standards for European countries (Magerholm Fet 2002; Evans 2008). LCA 
is the most wide-ranging method commonly used to assess and incorporate 
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environmental impact into the supply chain, and allows decision-makers to arrive at 
conclusions about the impact of environmental initiatives on the product’s life cycle.  
 
LCS is a method that focuses on the key areas for future investigation, and can be seen 
as a simplified version of the LCA (Magerholm Fet 2002).  
 
The MET matrix is used to identify environmental contributors such as material cycle, 
energy consumption, and toxic emissions (Magerholm Fet 2002).  
 
According to Ellis (2007), the LCC model is a cost examination tool that evaluates the 
total cost of ownership, and does not include environmental issues. However, with the 
aid of value-added analysis (VAA), the environmental issues associated with the cost of 
activities can be determined; and this helps with the evaluation of products from an 
ecological and economic point of view.  
 
Magerholm Fet (2002) describes the MIPS model as a life cycle tool that analyses the 
material required per product manufactured. By using the number of products that are 
manufactured and the material and energy input, the material intensity of a product is 
known. The environmental performance is linked to a single product: the more materials 
that are used to manufacture the product, the harsher the effect on the environment.  
 
DfE can be described as a process to evaluate the list of product design criteria and, 
where needed, to supplement more environmentally-friendly designs, whereas EA is the 
process that, using a detailed verification process, verifies whether the environmental 
objectives of the business conform to the predefined audit criteria of the business in 
respect of environmental issues.  
 
Finally, EPE is a method used to compare environmental performance against a 
company in a similar industry for benchmarking purposes; while an EMS forms part of 
the management system of businesses to monitor and manage the adoption of 
environmental policies (Magerholm Fet 2002). 
 
Even though the above-mentioned methods and assessments can assist environmental 
management in a company, applying MET, MIPS and DfE may not be financially prudent 
because of their extra resource requirements (Magerholm Fet 2002). However, it may be 
necessary for the application of the standards to make sure the business acquires the 
desired accreditation.  
 
It was decided to use LCA and VAA as guidelines for the development of the analytical 
framework developed as part of this study. The main reason for selecting these 
particular methods is that LCA incorporates the environmental initiatives into a supply 
chain view, making it possible to understand the environmental aspect of a product’s life 
cycle. In addition, the VAA links environmental issues with the cost of activities. CP 
focuses on the broader protocols that must be adhered to on an industry level and on 
product and process levels. It would be ideal to use, but it does not incorporate any 
environmental aspects into the method. MET, MIPS, LCC, DfE, and LCS focus on 
measuring the product production process impact. LCS is a simplified version of the 
LCA, and so for more detail the LCA method should rather be included. The LCC 
method focuses on the total cost of ownership, and does not include any financial 
analysis. MET, MIPS, and DfE require a significant amount of data analysis and time, 
and are not financially viable models to use. These models also focus more on the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

16 
 

product’s raw material, product design, and manufacturing methods, and do not include 
the impact on the supply chain. The EA, EPE, and EMS focus more on benchmarking 
with other industry players and adhering to audit criteria, which will not be suitable for the 
development of the framework.  
 

2.1.2 Green Supply Chain Management (GSCM) 
 
Sehgal (2009) defines a supply chain as a network of suppliers, distributors, storage 
facilities, and retailers that participate in the production, delivery, and sale of a product to 
the customer. A supply chain consists of three main parts: supply, manufacturing, and 
distribution. First, the supply function focuses on the sourcing of raw materials and all 
the processes related to the transportation of raw material from the various suppliers to 
the production site. Second, manufacturing deals with the transformation of raw 
materials into finished products. Third, distribution includes the processes to ensure that 
the product reaches the final customer through an organised network of distributors, 
warehouses, and retailers.  
 
As an example, a typical supply chain for tomato sauce is presented in Figure 4. The 
supply chain begins with the farmer planting the seeds for the tomatoes and cultivating 
fresh tomatoes that are packed and transported to the tomato sauce bottling plant. The 
bottling plant then uses the tomatoes and various other ingredients to manufacture 
tomato sauce. The finished product is then transported to the retailer’s distribution centre 
from where the retailer will distribute the product to the relevant retailer outlets. The 
consumer will then purchase the tomato sauce for consumption (Sehgal 2009). 
 

 
      Figure 4: Supply chain for manufacturing tomato sauce (Adapted from Sehgal 2009) 

 
Supply Chain Management (SCM) is the effective management of all the parts of the 
supply chain, from the raw material planning operations through to selling the products. 
Strategic SCM focuses on longer-term strategic business decisions, such as 
outsourcing, infrastructure, and network changes. In contrast, operational SCM will 
mainly focus on day-to-day operations such as planning delivery schedules, routing, and 
days of stockholding (Holden 2007). 
 
A supply chain is used to supply, plan, and distribute products across businesses; and 
contributes a significant part of the carbon footprint of businesses (Sehgal 2009). It is 
beneficial, therefore, for businesses to work towards environmentally-friendly, or ‘green’, 
supply chains. This can be achieved through the process of introducing environmental 
processes into the end-to-end supply chain, commonly referred to as GSCM (Gillmore 
2010). Gillmore (2010) indicates that GSCM was the most popular trend in 2007; 
thereafter, industry had to place more focus on GSCM and optimisation than ever 
before.  
 
Charnay, Hoppe and Wen Hsu (2008) comment that the two main reasons for a 
business to adopt GSCM are to save costs and to lower their environmental impact. 
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Concerns about global warming have caused many businesses to realise that they must 
make a contribution to save the environment and preserve the planet. It is important to 
include GSCM in strategic growth objectives, as this can aid cost savings and increased 
future profitability. Some additional benefits of GSCM include end-to-end supply chain 
cost reduction; innovation opportunities in the supply chain; reduction of the 
environmental impact; risk mitigation; customer service; and sales improvement. 

2.2 Current Theories, Decision-making Methods and Best 
Practices 
 

2.2.1 Green Supply Chain Management (GSCM) Theories 
 
The first environmental LCA was carried out by the Coca-Cola Company in 1969. The 
findings of the life cycle study highlighted the environmental impact of manufacturing, 
distribution, and disposal activities in the supply chain. The study formed the basis for 
more recent studies involving the entire SCM system (Gupta and Wang 2011). 
 
GSCM can be applied in a business to increase profit by saving costs at different stages 
of the supply chain, while also adhering to environmental regulations (Barari, Agarwal, 
Zhang, Mahanty and Tiwari 2012). Investing in green production initiatives can lead to 
higher profits by moving the cost down the supply chain to the customers and selling the 
product for a higher price. Barari et al. (2012) mention a shortcoming in this approach: 
that the customer will ultimately pay for the cost of going green, and the retailer will most 
probably need to invest in more marketing initiatives if the consumer is to be persuaded 
to pay more for the product. With today’s price-sensitive market and competing products, 
producers are reluctant to add to the cost to the consumer, as this would open up the 
market to competitors. 

An industry case study involving the Caterpillar Company shows that investing in more 
environmentally-friendly business practices results in cost savings and a more 
sustainable way of doing business. Caterpillar managed to decrease costs by 
implementing green supply chain initiatives in different areas of the supply chain. 
Packaging and transportation were areas included in the case study, resulting in an 
overall savings while contributing to sustainability practices (Brown 2013). 

Another industry case study involving Walmart highlights the challenge to improve the 
return on investment (ROI) for sustainability projects. The need to quantify the financial 
benefit of implementing green initiatives is emphasised in this study (O’Reily 2013). Jain 
and Sharma (2014) find that companies experience significant pressure from the 
government and from customers to adopt GSCM practices. They add that cost reduction 
and encouraging social responsibility can be a motivation for GSCM. Investors are 
attracted to manufacturing firms that have adopted GSCM initiatives; and this can have a 
positive impact on the share value of the company (Bose and Pal 2012).  

Kumar, Teichmann and Timpernagel (2011) argue that investing in environmental 
initiatives at the source of the supply chain – that is, the product design and 
manufacturing phase – is a more feasible solution than attempting to change and 
improve the supply chain after the product has been manufactured. They add that 
implementing lean initiatives is a good starting point for companies that strive to be more 
profitable and to have sustainable business practices.  
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The research highlights the fact that it is possible to save costs when implementing 
green initiatives – and that the savings can motivate the adoption of GSCM. To absorb 
the cost of GSCM initiatives, it is also possible to pass the cost on to the consumer or to 
offset it with savings. The consumer will keep on paying more for products; but that is 
not a feasible solution if the costs cannot be offset. Companies also experience 
significant pressure from government and customers to implement green initiatives; and 
the cost of these initiatives can be very high (Barari et al. 2012; Bose and Pal 2012; 
Brown 2013; Jain and Sharma 2014). 
 
The framework presented in this document will focus on quantifying the net impact of the 
environmental initiatives on the supply chain before it is implemented. The framework 
will help to ensure that the ROI can be motivated before implementing the initiative. Lean 
initiatives such as ‘reduce’ and ‘reuse’ will also be investigated in the next section.  
 

2.2.2 Existing Frameworks and Best Practices for Green Supply Chain 
Management (GSCM) 
 
There are many approaches to reduce companies’ carbon footprint. According to the 
World Business Council of Sustainable Development (WBCSD) (n.d.), the areas 
identified to operate an environmentally-friendly supply chain are: material reduction, 
energy reduction, use of less toxic materials, improved recyclability, use of renewable 
resources, increased durability of products, and increased service intensity. The 
designed framework needs to take these approaches into account. Actions to reduce 
carbon emissions include using carbon emissions to drive supply chain designs; define 
carbon emissions as one of the selection criteria for supplier selection; implementing 
green procurement policies; measuring manufacturing carbon emissions; optimising 
logistics to reduce carbon emissions; implementing environmentally-friendly packaging; 
aiming to reduce, reuse, and recycle when using resources; and creating carbon 
emissions awareness among consumers (Sundarakani, De Souza, Goh, Wagner and 
Manikandan 2010). The designed framework will use some of the above-mentioned 
actions as options to investigate the effect on the supply chain and the environment, and 
to quantify the benefit. 
 
To develop the analytical framework, other frameworks identified though research will be 
investigated. The frameworks were selected after an initial screening to see whether the 
frameworks addressed environmental processes, best practices, and financial impact. 
The frameworks in question are the Voluntary Environmental Standards, GreenSCOR, 
Toyota 5R Principle, Environmental Engineering Group Environmental Costing Model 
(EEGECOST), LCA, and Du Pont Analysis.  
 
2.2.2.1 Voluntary Environmental Standards 
 
The Electric Utility Industry Sustainable Supply Chain Alliance (EUISSCA) (n.d.) states 
that they released a set of voluntary standards that take the environment into account. 
Industry partners and government institutions assisted in developing the standards, 
which aim to create awareness among utility suppliers about their actions, and about the 
impact they have on the environment. They also note that the standards offer companies 
a list of initiatives that can be implemented to improve their environmental performance.  
 
The voluntary standards from the Sustainable Supply Chain framework can assist a 
company on the journey from compliance to leadership. Figure 5 shows the framework. 
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The first step in implementing the framework is to comply with regulations and 
environmental laws and to seek constantly to improve compliance. The next step is to 
initiate continuous improvement to benchmark against best practices, identify room for 
improvement, and perform gap analysis to ensure adherence to certifications. Actions 
also included in the continuous improvement phase are the reduction of environmental 
impact and the effort to create a paperless environment for invoicing, payment, and 
contracts (EUISSCA n.d.). 
 
EUISSCA (n.d.) states that the integration step in the framework involves the Global 
Reporting Initiative (GRI), which is the sustainable reporting of environmental factors on 
company websites and in annual and sustainability reports, to ensure that the framework 
aligns with the corporate strategy, and to design processes that integrate sustainable 
environmental practices into business practices. EUISSCA (n.d.) also mentions that the 
innovation step follows integration, which is the continuous improvement of operations 
and processes. The last step is leadership – that is, publically sharing what has been 
learnt with stakeholders and company employees. 
 

 
                 Figure 5: The EUISSCA's Sustainable Supply Chain Framework (Adapted from EUISSCA 2010) 

 
EUISSCA (n.d.) continue that a wide range of supply chain activities is covered by the 
framework. This includes procurement practices, innovation initiatives, and reporting of 
current data. They add that the areas addressed by the framework are environmental 
compliance and policies; energy usage and conservation; emissions (for example, air; 
GHG, and transport); water usage and pollution; management of hazardous and non-
hazardous materials; waste reduction; chemical reduction; and biodiversity.  
 
The framework includes the views of and the legislation affecting the organisations that 
are mainly based in the United States of America (USA) and Europe – for example, ISO 
140001 and the Carbon Disclosure Project (CDP). ISO 140001 addresses supply chain 
analysis, the auditing of current operations, and performance evaluation. The CDP is a 
database in which organisations record their GHG emissions and green environmental 
strategies. The framework also assists companies with financial and policy decision-
making (EUISSCA n.d.). 
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A shortcoming of this model in quantifying GSCM is that the cost of going green is not 
considered: the model is focused more on compliance. However, the EUISSCA’s 
Sustainable Supply Chain framework will be used as a guideline to develop the 
framework, and will aid in understanding the process of moving from compliance to 
leadership.  
 
2.2.2.2 GreenSCOR 
 
Stewart (1997) explains that the SCOR model is a framework to measure supply chain 
performance across different industries. According to the SCC (n.d.), the SCOR model is 
a combined structure linking metrics, processes, industry best practices, and people. 
Implementing the SCOR model can improve supply chain management by enhancing 
communication between departments and partners in the supply chain. The SCOR 
model assists in the evaluation of supply chain activities against performance measures, 
and is used globally. It evaluates the whole supply chain, and is a supply chain 
management tool. It also assists organisations in increasing current inventory turns; it 
increases system implementation; and it supports learning programmes by providing the 
basic building blocks, flows, and best practices of processes that are required to support 
the activities.  
 
The SCC (n.d.) comments that the SCOR model assists with effective supply chain 
management by recording business activities for end-to-end supply chain activities, 
mapping the supply chain in simple process blocks, and aiding in the understanding of 
the whole supply chain in a wide range of industries. It adds that the SCOR model can 
be adapted to a specific project or to a global project. It can also identify a single process 
that must be improved, and by how much. Also included in the SCOR model are 
customer measurement scorecards and standard company processes.  
 
The SCC (n.d.) indicates that the model ranges from the suppliers of the supplier to the 
customers of the customer. Figure 6 gives an overview of the SCOR model, linking the 
company to suppliers and customers. The figure also illustrates the building blocks – 
plan, source, make, deliver, return, and enable – of the SCOR model, which is organised 
around the primary management ‘level one’ processes (building blocks of a supply 
chain). Plan involves all the processes involved in planning the supply chain for sourcing 
the raw materials (source), manufacturing (make), warehousing and distribution 
(deliver), and managing the reverse leg of the supply chain (return). Enable is the 
management of the inventory, data, capital assets, technology, etc.  
 
The five primary management ‘level one’ processes can be broken down into a more 
detailed second level. The plan function will include planning the make, source, and 
deliver functions. The third level will be the source, make and deliver functions, which 
divide into make to stock, make to order, and engineer to order products. Make to stock 
will be used where products are manufactured to store before selling, and are based on 
a forecast of what the business will sell in a given period. Make to order business will 
operate on orders, and will react once the order is placed. Engineering to order products 
are those where the design must be finalised and that need to be assembled once the 
orders have been received from the customer (SCC n.d.).  
 
Enable functions will be the technology and processes enabling the functions (SCC 
n.d.). Figure 7 illustrates the three different process levels. The reference model can be 
used to describe any supply chain, no matter how complex. The different level 
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processes for plan, source, make, deliver, and return functions are summarised in Van 
Zyl (2010) and presented in Appendix A. 
 
The SCOR methodology contains metrics, processes, practices, and people. A supply 
chain can be assessed on its agility, responsiveness, reliability, supply chain costs, and 
the amount of assets. There are three different levels of metrics. The first level measures 
the overall position of the company; the second level focuses on the root cause of the 
first level; and the third level focuses on the detail of the second level. By moving down 
the levels, more detail will be included. For example, level one will be the ‘order 
fulfilment cycle time’; the second level will be the cycle time in more detail – the ‘source 
cycle time’, ‘make cycle time’ and ‘deliver cycle time’. The deliver cycle time can be 
broken down into level 3: ‘build loads cycle time’ and ‘consolidate orders cycle time’ 
(SCC n.d.).  
 

 
  Figure 6: Supply Chain Operations Reference Model (Adapted from SCC n.d.) 
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  Figure 7: Overview of plan, source, make, deliver, and return process (Adapted from SCC n.d.) 

 
The SCC (n.d.) notes that SCOR has both advantages and disadvantages that need to 
be considered, and that must be known before implementing the model. The SCOR 
model excludes any research, development of technology and products, or marketing 
functions. It adds that quality functions, business administration, and any information 
technology functions are not included in the model. Van Zyl (2010) concludes that the 
warehouse functions are incorporated in SCOR, but with a limited focus on the 
processes and sub-processes of the warehouse operation. 
 
An addition to the SCOR model, GreenSCOR includes environmental management 
elements in the SCOR 9.0 model, with the latest being SCOR 11.0. GreenSCOR can be 
used to assess the total environmental impact and to act as a reputable GSCM tool for 
comparable results. 
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SCOR is a proven Supply Chain Management framework, and therefore GreenSCOR 
would be an ideal tool for GSCM (SCC n.d.). According to Wilkerson (2009), 
environmental processes, measures, and best practices are included in the SCOR 
model. The environmental metrics would be used to measure the total environmental 
footprint of an end-to-end supply chain. Also, the best practices of processes and 
metrics could be available for comparison purposes, and to establish the current 
company performance and what environmental initiatives could be considered to 
increase environmental performance. GreenSCOR is an add-on to the original SCOR 
model, and maintains its integrity. The GreenSCOR metrics are carbon emissions, air 
emissions, liquid waste, solid waste, and recycled waste. Carbon emissions are used as 
a measure to quantify GHG emissions in tonnes of carbon dioxide (CO2). Air emissions 
are emissions from major pollutants, and liquid waste is the weight of waste that flows 
into water or sewerage systems, both measured in tonnes or kilograms (kg). Solid waste 
is the weight of waste generated by a specific process, also measured in tonnes or 
kilograms. Recycled waste is the percentage of solid waste that can be recycled through 
the process, reported as a percentage. The five metrics are measured for each level 3 
process, and then added together to obtain the values of the level 1 and 2 processes 
(SCC n.d.). 
 
The GreenSCOR metrics can all be converted into carbon emissions to calculate the 
total supply chain footprint, as illustrated in Figure 8. Recycled waste is subtracted from 
the total waste generated when the total carbon footprint is calculated. The level 2 
processes – plan, make, source, deliver, and return – all contribute to the total supply 
chain carbon emissions (level 1 process). The GreenSCOR metrics are used to convert 
all environmental impacts in the case studies to carbon emissions. The environmental 
impacts are assessed in total carbon emissions.  
 

 
 Figure 8: Total Supply Chain Footprint (Adapted from SCC n.d. and Van Zyl 2010) 

 
For the conversions, DEFRA’s (n.d.) carbon emissions conversions are used. DEFRA is 
a government department in the United Kingdom that is responsible for environmental 
protection, food production and standards, agriculture, fisheries, and rural communities 
in Great Britain and Northern Ireland. According to DEFRA (n.d.), GHGs consist of 
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seven main gases that contribute to climate change. As defined by the Kyoto Protocol, 
these are CO2, methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), 
perfluorocarbons (PFCs), sulphur hexafluoride (SF6), and nitrogen trifluoride (NF3). To 
adhere to the Kyoto Protocol, all gases generated in all activities must be reported. 
DEFRA (n.d.) also states that CO2e is the universally-accepted measurement to indicate 
the global warming potential (GWP) of GHGs, which is reported as the GWP in units of 
CO2.  
 
For each activity there are predefined factors that can be used to calculate the carbon 
emissions. The Department of Environmental, Food, and Rural Affairs (DEFRA) (n.d.) 
explains that, to calculate the carbon emissions, the data per activity must be converted 
into carbon emissions using a predefined carbon emissions table with standard 
conversions. (See Appendix D for illustrations of the emission table from DEFRA.) If 
emissions factors are not available from DEFRA, they can be obtained using emission 
factors developed by environmental agencies, monitoring programmes, regulatory 
reports, waste shipping documents, and environmental permits (SCC n.d.).  
 
Figure 9 illustrates the best practices of the planning process in the GreenSCOR model 
that are linked to the level 3 and 2 processes, and from there link into the level 1 
process, which is the total supply chain carbon footprint. For example, one of the best 
practices of the level 3 plan make (carbon emissions) is to minimise energy usage, 
which can be achieved by using alternative machinery or re-engineering the process to 
result in lower carbon emission impact. This best practice links to the process ‘P3.4 
Establish production plans’, which links to process ‘P3 Plan make carbon emissions’. 
From there it flows into the level 2 process ‘Plan carbon emissions’ and ends in the level 
1 process ‘Total supply chain carbon footprint’. A similar approach can be followed to 
determine the process of the other best practices of source, make, deliver, and return 
processes. The remainder of the processes can be viewed in Appendix A. Using this 
model as reference makes it possible to link the best practices, processes, and metrics 
when using the GreenSCOR model in the case study, and also to use it as a source of 
information when developing the framework. 
 
GreenSCOR can be used to assess the total environmental impact and act as a 
repeatable GSCM tool for comparable results. Schoeman and Sanchez (2009) mention 
some of the GreenSCOR metrics that can be implemented at each phase of the supply 
chain. In the planning process, supply chain partners need to investigate collaborative 
planning processes and plan how to minimise the usage of energy. Sourcing involves 
sourcing from vendors that have an environmental management system. They add that 
the make function focuses on the minimal usage of resources, whereas the delivery 
function focuses on optimising distribution and minimalising fuel usage. The return 
function includes all product returns that make financial sense. 
 
Cash and Wilkerson (2003) discuss the advantages of using GreenSCOR. These are: 
the ability to link carbon emissions to a specific process; to help to improve efficiency in 
the supply chain; to help to translate strategic carbon emission plans by linking them to 
specific activities; and to understand the root cause when targets are not met. The 
GreenSCOR methodology will be the base from which the framework will be developed, 
in order to ensure that the whole supply chain is covered from the plan, source, make, 
deliver, and return process perspective. The GreenSCOR model’s best practices will 
also be used to link the emissions plan to specific activities. The GreenSCOR model will 
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also be applied in the FMCG business in a case study so that the model can be 
compared with the developed framework.  
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Figure 9: Best practices related to the planning process using GreenSCOR (Adapted from SCC n.d. and 
Van Zyl 2010) 
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2.2.2.3 Toyota 5R Waste Management Principle 
 
Black and Phillips (2010) state that the goal of green manufacturing is to limit waste at 
the end of the supply chain. The Toyota Production System (TPS) focuses on reducing 
any form of waste in the manufacturing environment that flows over to the rest of the 
supply chain. Toyota also developed the 5R program to help reduce pollution at its 
source on the manufacturing line. Black and Phillips (2010) also explain that green 
manufacturing in a factory focuses on reducing emissions, wastes, material usage, 
energy usage, and waste generated by distribution and support functions. Table 3 
summarises the Toyota 5R approach, where waste is categorised as refine, reduce, 
reuse, recycle, and retrieve energy.  
 
The refine measure includes changing the conversion factor of the product or process so 
that fewer resources will be consumed in manufacturing. Reduce covers the waste 
output that must be reduced. Reuse focuses on reusing resources – for example, 
recycling cooling water in a manufacturing plant. Recycling can cover processes in 
production and other departments to recycle waste. Retrieve investigates energy 
retrieval from waste material when the other measures are not successful (Black and 
Phillips 2010). 
 
Table 3: Toyota 5R approach (Adapted from Black and Phillips 2010) 

 
 
A shortcoming of the Toyota 5R approach is that it focuses mainly on the manufacturing 
environment and not on the supply chain as a whole. The research question to quantify 
the impact of environmental initiatives on business profitability and sustainability across 
the entire supply chain will not be addressed using this framework; but waste from the 
production department could be managed by using it. The concepts of refine, reduce, 
reuse, recycle and retrieve energy can be used to identify other green options in the rest 
of the supply chain, and will be used in the framework to identify green measures that 
must be quantified, and to group initiatives.  
 
2.2.2.4 Life Cycle Assessment (LCA) 
  
Clift and Wright (2000) summarise LCA as an approach in which the whole supply chain 
must be included. The assessment begins at the start of the supply chain by identifying 
resource usage, waste, and emissions generated. Williams (2009) indicates that the 
LCA considers all the major stages in the life cycle of a product. The stages are: 
procurement of raw material, handling and distribution of raw material, production, 
handling and distribution of finished product, product life, and waste management. 
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‘Product life’ refers to the emissions that the product has during normal operation, and 
‘waste management’ refers to the end of the product’s life cycle. 
 
The LCA method consists of four major steps that need to be performed in sequence. 
Figure 10 summarises this method. The first step is the definition and scope, which is to 
determine what information is required, how to acquire the information, and how to 
evaluate it. The second step is the life cycle inventory (LCI) process, which includes data 
collection with the help of process maps and evaluation of the data. The life cycle impact 
assessment (LCIA) is the next step: it focuses on the part of the process that is affected, 
what costs are associated with it, and grouping of the costs. The final step is data 
evaluation and report writing (Williams 2009). 
 

 
Figure 10: LCA method’s process steps (Adapted from Williams 2009) 

 
Williams (2009) endorses the LCA method by describing its benefits: the calculation of 
the total environmental impact of a product, being able to identify all environmental 
aspects (positive or negative), the identification of process and product improvements, 
the justification for a product or process change, and the use of available data to 
compare different processes.  

 
The LCA measures the impact on the environment for the different processes in the 
product life cycle. But this method is not suitable if the aim is to quantify the impact of 
green supply chain principles on business profitability. The LCA only measures the 
environmental impact by quantifying resource usage, waste, and emission per area of 
the supply chain, not the impact on business profitability – a factor that is required in 
order to answer the research question (De Bruijn, van Duin and Huijbregts 2004).  
 
The LCA model’s output will be used as the developed framework’s input, by 
incorporating all the building blocks in a systematic process overview, using the modular 
approach of calculating carbon emissions, and by looking at the detailed process view 
(De Beer and Friend 2006).  
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2.2.2.5 Environmental Engineering Group Environmental Costing Model (EEGECOST) 
 
Chowdhury and Hamid (2013) state that environmental accounting can be used to 
convert social and environmental liabilities into environmental costs. They add that the 
EEGECOST framework was developed to explain and quantify environmental 
accounting principles in South Africa. De Beer and Friend (2006) add that accounting 
and budgeting are the two main functions of the model. The accounting function includes 
allocating environmental costs to specific cost types (cost centres), while capital 
budgeting is used to plan the next financial year by creating cost centre budgets and 
monitoring spend. 
 
Soltanali, Hagani and Yaftabadi (2008) explain that the principles of the total cost 
assessment (TCA) environmental accounting system form the basis of the EEGECOST 
model. They add that the EEGECOST model has five steps. The first is to scope the 
project and understand the objective statement, background of the company, and the 
manufactured products. The second step is the LCA, followed by the cost inventory step, 
which includes dividing costs into different sections. The fourth step is the environmental 
impact assessment and the fifth step finalising the results.  
 

De Beer and Friend (2006) indicate that the model breaks the environmental costs down 
into different cost types: recurring site costs, non-recurring site costs, corporate costs, 
impact costs, internal intangible costs, and external costs of the full product life cycle. 
They explain that recurring site costs are those associated with everyday production 
costs, while non-recurring site costs are once-off production costs or an investment in 
the production processes.  
 
Corporate costs are the overhead costs of the business. Impact costs are those 
associated with the production area. Internal costs are the day-to-day operational costs, 
and external costs are those outside the business, for which the business is not 
responsible. The model will give the cost-per-function per cost type (De Beer and Friend 
2006). 
 
De Beer and Friend (2006) explain that the model uses the LCA method output as an 
input to the model in order to translate environmental costs, and to allocate the specific 
cost types and drivers to an economic value. Soltanali et al. (2008) indicate that the 
economic value will take present and future costs and revenues into account and 
categorise them into different environmental media groups: air, climate, wastewater, soil 
and ground water, noise and vibration, biodiversity and landscape radiation, and other 
costs. 
 
De Beer and Friend (2006) report that the model works well when quantifying the 
environmental costs per functional unit. The environmental costs are compared on an 
annual basis to understand the impact on direct and indirect production environmental 
initiatives. 
 
The model’s concept of breaking costs down into functional units and allocating 
economic value will be used in the framework. The EEGECOST only focuses on 
production and on activities related to the production of a functional unit; it does not 
model the impact on profit and on the rest of the supply chain. This will be the aim of the 
developed framework.  
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2.2.2.6 Du Pont Analysis 
 
The Du Pont analysis acts as a compass by pointing out strengths and weaknesses in 
financial statements. The method measures Return on Equity (ROE), and is a good 
starting point for financial analysis. ROE measures the rate at which the company’s 
wealth is increasing (Isberg 2012). 
 
Kumar et al. (2011) mention that ROE is a good metric to measure business profitability. 
But ROE on its own does not provide enough detailed insight into the cause of 
profitability growth. Kumar et al. (2011) therefore ascertain that DuPont analyses that 
break down the ROE into several factors will be more beneficial to use.  
 
Isberg (2012) explains that the Du Pont model consists of three parts: profitability, 
operating efficiency, and leverage. Profitability measures the rate at which sales are 
converted into profit at different organisational levels. Operating efficiency measures the 
rate of cash generation using the assets of the business. Leverage measures the 
dependency of the company, using debt financing. Isberg (2012) concludes that the Du 
Pont analysis consists of general high-level measures that are calculated from income 
statements and balance sheets. However, he emphasises that using the Du Pont 
analysis is not a replacement for a detailed lower-level investigation.  
 
Kumar et al. (2011) contribute two case studies, from Apple Inc. and Coca Cola (Pty) 
Ltd. In the case study of Apple Inc., the ROE is broken down into Operating Efficiency, 
Asset Use Efficiency, Financial Leverage, ROE, and ROE without financial leverage. 
The measures were recorded for five years, and the conclusions were that Apple’s asset 
utilisation declined over the years; that the company focused on driving profitability 
through operational activities and not by focusing on asset utilisation; and that Apple 
might show a lack of focus on greening initiatives in the supply chain. 
 
In the Coca Cola (Pty) Ltd case study, the analysis of financial data over five years 
shows a significant change in asset utilisation and financial leverage. The company 
started implementing green supply chain measures; and Kumar et al. (2011) state that 
the primary benefit of implementing a green supply chain was improved asset utilisation.. 
 
These case studies used secondary data. It is suggested that future research use 
historical company data to measure true profitability changes. Historical data will be 
used in the framework developed, because such data offers a more accurate picture of 
the company’s operations for the previous financial year, and takes a longer period into 
account (Kumar et al. 2011). 
 
These case studies by Kumar et al. (2011) show that there is a need to measure the 
impact of green supply chain initiatives on profitability, and that the DuPont analysis can 
be a method to use. However, it does not provide lower-level data, and does not indicate 
which part of the supply chain contributed to the increase in profitability. In order to 
answer the research question on a total company level, the Du Pont method can be 
used – but it will only indicate the utilisation of resources, which will not necessarily 
mean that environmentally-friendly initiatives have been implemented. It could just mean 
that the business is more productive. Therefore the DuPont method is not an accurate 
method to use in answering the research question. 
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2.2.3 Decision-making methods in GSCM 
 
2.2.3.1. Relationship between environmental impact and supply chain performance 
 
Walker, Di Sisto and McBain (2008) conclude that suppliers are not drivers of 
environmentally-friendly initiatives. Many drivers and barriers exist when dealing with 
GSCM. Walker et al. (2008) add that there are positive attitudes towards 
environmentally-friendly initiatives, with more drivers than barriers identified.  
 
Barriers can be an internal or external influence on an organisation. Internal drivers are 
organisational drivers, and include the desire to reduce costs, pressure from investors, 
and improved quality. External drivers are regulations, customers, competition, and 
society. Competition drivers include a company’s financial performance, and gaining a 
competitive advantage in the market place. The cost of manufacturing a product together 
with the selling price, drives some of these initiatives; and it is emphasised that the cost 
of implementing environmentally-friendly initiatives must not add to the cost of the 
product and supply chain (Walker et al. 2008). 
 
Clift and Wright (2000) state that when analysing certain products, the environmental 
and financial benefits are in conflict with each other – that is, implementing green 
initiatives might not be the best option to reduce costs, and vice versa. Clift and Wright 
(2000) also highlight that there is a need to monitor the environmental cost at the 
different steps in the supply chain to make sure that it makes financial sense. 
 
Clift and Wright (2000) add that the ideal balance between cost and environmental 
initiatives is where there is a positive environmental impact and no extra cost is added to 
the supply chain. A high economic value will result in sustainable development, while a 
low economic impact with high environmental impact will result in unsustainable 
activities. The global average is where both the environmental impact and the economic 
impact are at acceptable levels. They conclude that a company will still need to monitor 
costs, even if green supply chain initiatives are good for the environment. The company 
cannot implement these initiatives if profit margins are eroded as a result. 
 
Azevedo, Carvalho and Cruz Machado (2011) explore the relationship between supply 
chain performance and green supply chain initiatives. The automotive industry was used 
as a case study to evaluate the influence of environmental initiatives on the performance 
of the supply chain. A theoretical framework was developed (shown in Figure 11), and it 
indicates that environmental management principles influence supply chain key 
performance indicators (KPIs). Azevedo et al. (2011) report that environmental 
collaboration with customers had a positive influence on the quality of the product and 
on customer satisfaction. Minimising waste in this case had a negative impact on cost 
and business wastage, implying that one process was optimised in the supply chain at 
the expense of another. Another example is implementing reverse logistics, which can 
have a positive impact on efficiency but will increase cost. 
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  Figure 11: Influence of green practices on supply chain performance (Adapted from Azevedo  et al. 2011) 

 
Azevedo et al. (2011) rank the environmental optimisation initiatives from different case 
studies in their research. Reverse logistics are ranked as one of the more important 
supply chain initiatives, alongside minimising waste and ISO 14001. Working together 
with customers to change product specifications and environmental packaging are also 
popular initiatives. The analytical framework needs to be able to quantify the different 
initiatives in terms of cost and impact on profitability.  
 
In considering the relationship between green supply chain initiatives and supply chain 
performance, the developed framework will focus on quantifying the impact of these 
initiatives on the cost base.  
 
2.2.3.2. Performance Measures 
 
Beamon (1999) comments that traditional supply chains include the following building 
blocks: supply, manufacturing, distribution, retail, and the customer. In traditional supply 
chains, customer service and cost are important performance measures to drive 
efficiency and effectiveness in the supply chain. Beamon (1999) argues that, for 
comprehensive supply chain management, it is important to design, implement, and 
analyse performance measures, because they are used to compare current system 
performance against competing alternatives.  
 
Beamon (1999) says that the extended supply chain includes similar building blocks to 
those of the traditional supply chain – but they also include return supply chain 
information and flows. Beamon (1999) identifies a need to develop performance 
measures that include economic efficiency and environmental protection. He also 
identifies performance measures that will aid in managing a supply chain from an 
environmental point of view. An adapted performance management system is necessary 
to help organisations to achieve competitive advantage when implementing sustainable 
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supply chain processes. Mutingi, Mapfaira and Monageng (2014) support this statement, 
adding that the motivation to adopt green supply chain practices differs between 
organisations. The adoption of green practices is mainly the result of external pressure; 
and the company will adopt green supply chain practices at a high level to meet the 
minimum requirements. Mutingi et al. (2014) add that the main reason that companies 
are wary about incorporating green initiatives into their business is the challenge to 
justify the economic benefit. The lack of performance measurements contributes to the 
challenge to quantify the tangible benefits associated with implementing green supply 
chain initiatives.  
 
Environmentally-friendly performance measures consider all forms of waste, energy 
usage, and resource consumption. Identified environmental performance measures 
include resource consumption (energy and material), total life cycle cost, eco-efficiency 
(using minimum resources to add maximum value), and life cycle cost reductions 
associated with improvements (Beamon 1999). More recently, Azfar, Khan and Gabriel 
(2014) have pointed out that performance measures can be divided into environmental 
performance (EP), economic performance (ECP), and operational performance (OP). 
The environmental performance category includes the measurement of air, emissions, 
waste water, and solid waste reductions. Cost reduction of materials, energy, waste 
treatment, waste discharge, and environmental accidents fall under the ECP category; 
and all of these form part of the total life cycle cost. The aim is to use minimal resources 
for maximum value. OP includes a decrease in inventory levels, a decrease in scrap 
rate, improved capacity utilisation, and on-time deliveries.  
 
Van Hoek (1999) argues that there are more measurements to use in green supply 
chains, and that carbon emissions are just one of them. His suggestion is to consider the 
supply chain as a whole – to consider all initiatives, and not just focus on single 
initiatives such as logistics and regulatory compliance. Van Hoek (1999) also mentions 
that optimising one initiative can be to the detriment of another. Significant research is 
also required to apply green initiatives to the whole supply chain.  
 
Beamon (1999) concludes that it is important to consider the whole life cycle effect of a 
product on the environment, and that supply chain analyses must include performance 
measures associated with the total life cycle impact to produce sustainable supply 
chains. Olugu, Wong and Shaharoun (2011) conclude that the main key performance 
indicators of green supply chain initiatives can be summarised under the term ‘greening 
cost’ – that is, all the costs incurred when running an environmentally-sustainable 
business. These include the costs of environmental compliance, energy, 
environmentally-friendly material, and revenue. Environmental compliance costs are 
those incurred by the company in adhering to environmental regulations; energy costs 
are those consumed by the manufacturing function to produce the product; 
environmentally-friendly material costs refer to the costs of investing in environmentally-
compliant raw materials; and revenue costs are the capital costs for implementing green 
supply chain initiatives. 
 
Mutingi et al. (2014) have identified the following green performance metrics categories: 
environmental, economic, and social responsibility performance. Environmental 
performance metrics are air emissions, water pollution, solid waste, and energy 
consumption. ECP metrics are reverse logistics costs, sustainability costs, and energy 
consumption costs. Reverse logistics costs are the costs associated with returning the 
product and some materials, while sustainability costs are those associated with 
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implementing sustainable processes. Energy consumption costs are the costs of 
electricity and other sources of energy used. Social responsibility performance metrics 
include the company’s green image, the perspective of customers, scrap rate, and 
recycling activities. ‘Green company imaging’ refers to how the company markets itself 
by referring to existing green supply chain activities, and how it is seen from the 
perspective of the customer. Scrap rate is measured as the percentage scrap vs total 
products manufactured. Efficiency of recycling activities can be measured using the 
reduction of raw material used in manufacturing a product.  
 
Murby and Gloud (2005) point to the balanced scorecard as a management framework 
that has been adapted over the years from Kaplan and Norton’s original framework of 
the early 1990s. Kaplan (2010) remarks that the balanced scorecard aims to drive long-
term shareholder value by using four types of metrics: financial, learning and growth, 
customer, and internal process metrics. Murby and Gloud (2005) explain that the 
financial perspective includes concepts such as asset utilisation, improved costing 
models, and increased customer value. From the customer’s perspective, this will 
include excellence in operation, customer involvement, and product leadership in the 
market place. Learning and growth includes the corporate culture, the competency of 
employees, and technology. Internal processes include logistics, customer management, 
and environmental processes. 
 
Hervani, Helms and Sarkis (2005) illustrate how green performance metrics can be 
grouped using the balanced scorecard framework. Financial metrics include direct 
expenditures for the company, while internal processes include the recycling of 
manufacturing processes and direct office materials. Customer perspective metrics 
focus on product eco-efficiency and the learning and development gained from 
environmental training and response programmes.  
 
Tsai et al. (2010) group environmental costs into activity centres and activity drivers 
linked to the centres. The activity centres are pollution prevention activity, resource 
recycling activity, administration activity, research and development activity, and social 
activity. The pollution prevention activity is the prevention of water and air pollution, 
measured in kilogram carbon emissions (kgCO2e) and cubic meter (m3) water pollution. 
Resource recycling activity is measured by the ability to recycle and dispose of general 
and hazardous industrial waste (measured in tonnes). Administration activity is the 
monitoring of environmental impact through various audits and the numbers of hours 
spent training employees. The research and development activities are measured as the 
numbers of hours spent on reducing environmental impact in the manufacturing and 
distribution stages. Social activity is the number of meters of greenery planted as part of 
nature conservation, and the amount of money spent on supporting environmental 
activities.  
 
Performance measures monitor the performance of the supply chain; and so the 
developed framework needs to measure the impact on profitability and sustainability 
when green supply chain performance measures increase or decrease. The return leg 
impact on the supply chain also needs to be incorporated into the developed framework. 
Both economic and environmental performance measures will be included in the 
framework. The full end-to-end supply chain will be included to determine which 
performance measures to include. The balanced scorecard approach will be used as a 
guideline to group economic and environmental improvement initiatives into categories 
in order to make it more manageable. The following categories will be considered as a 
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guideline: financial, customer, internal process, and learning and development (Beamon 
1999; Hervani et al. 2005; Kaplan 2010; Tsai, Lin and Chou 2010; Mutingi et al. 2014). 
 
The activity centres identified by Tsai et al. (2010) can be incorporated into the balanced 
scorecard approach. They fall mainly in the financial, internal processes, and learning 
and development categories.  
 
2.2.3.3. Analytical Models 
 
Sarkis (2002) identifies an analytical model (ANP) as a network process that is used to 
assist managers in evaluating the impact of green supply chain initiatives such as 
technology investments, partnerships, and origination practices. The outcome of the 
study showed that the ANP methodology can assess the major strategic decisions faced 
by businesses in GSCM. He concludes that the application of the model is limited due to 
its complex characteristics, and that it must be tested in more industries. He also feels 
that the model is not easy to understand and apply, and cannot be applied in everyday 
decision-making.  
 
Wang, Lai and Shi (2011) suggest that network analysis be used to analyse the impact 
of supply chain design on green supply chain initiatives. The model considers the impact 
of the handling and transportation processes. Different network design options were 
investigated, and the finding of the study was that the bigger the network, the more 
opportunities there are to optimise. Optimisation opportunities include finding the optimal 
route and minimising the carbon emissions output in the network. The optimisation of the 
network includes reducing the number of kilometers travelled by consolidating loads, and 
combining routes. The reduction in kilometers will have a direct impact on the amount of 
carbon emission generated, as fewer kilometers are travelled and less fuel is used.   
 
Wang et al. (2011) conclude from their case studies that the supply range – the number 
of distribution centers (DCs) from which the product can be distributed – will have an 
impact on the total cost and on carbon emissions. The change in network needs to be 
justified by the total cost and carbon savings. Future research opportunities include 
demand fluctuations, raw material sourcing, and changing transportation modes in the 
analysis to determine the impact on operation and supply chain cost.  
 
Lee and Cheong (2011) state that the organisation needs to prepare to take a position 
against climate change, and that this might require the organisation to adopt a system or 
framework that measures carbon emissions, and a way to measure efficiency across the 
whole supply chain. In their research, they developed a framework to measure the 
carbon in the manufacturing process. The framework measures the carbon emissions (in 
kilograms) of raw materials, manufacturing, and distribution processes, enabling the 
company to understand their total manufacturing carbon footprint. 
 

Seuring and Muller (2008) research sustainable supply chain management by 
comparing 191 different papers from 1994 to 2007. From their research, two types of 
supply chain management strategies are discussed. The first strategy is supplier 
management, which involves the risk and performance of suppliers, and requires 
suppliers to have environmental and social standards in place as minimum 
requirements, thus enabling the company to avoid some of the environmental and social 
risks.  
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The second strategy summarises supply chain management for sustainable products, 
taking the whole product life cycle into account. There must be constant communication 
between the business and their suppliers. The aim must be to produce sustainable 
products if the strategy is to succeed (Seuring & Muller 2008). 
 
Various ANPs already exist. But for the development of the proposed framework, some 
of these frameworks are not suitable. From others, however, some key learnings and 
methods can be accommodated in developing the framework. The ANP of Sarkis (2002) 
will not be included due to its complex characteristics. The findings of Wang et al. 
(2011), which suggest that network analysis be used to analyse the impact of green 
supply chain initiatives, will be incorporated into the model to plan the network 
strategically, with cost and environmental impact minimisation in mind. Principles from 
the carbon emission framework developed by Lee and Cheong (2011) will be also 
incorporated into the model as one of the measurements of environmental impact. The 
supply chain management strategy developed by Seuring and Muller (2008) will be used 
as a reference point when developing the framework, to ensure that it addresses the full 
life cycle of the supply chain. 
 
2.2.3.4. Green Supply Chain Management (GSCM) Life Cycle Approach 
 
Schoeman and Sanchez (2009) state that to manage GSCM effectively, a total end-to-
end supply chain focus is required. Various inputs – product design, delivery, and 
disposal of the product – must also be considered in evaluating the total supply chain. 
They support the concept of minimising raw materials, financial input, and waste, while 
profits and production must be maximised. The reason for this is to spend the minimum 
amount of money to produce the product, creating the lowest cost price of the product 
and resulting in increasing profitability for the products. Implementing environmental 
initiatives can result in cost-saving and increased profitability. Schoeman and Sanchez 
(2009) explain that ‘green gold’ is the term that will apply when the maximum returns are 
earned from implementing cost-saving green supply chain initiatives. 
 
In the case study of Schoeman and Sanchez (2009), the extra kilometers travelled due 
to supply chain inefficiencies were calculated, as were the extra kilometers linked to 
carbon emissions. This was linked to the average cost per kilometers (based on vehicle 
specifications) and the fuel consumption per kilometer. The above-mentioned data was 
used to plot the week’s extra kilometers versus actual kilometers required to travel. Extra 
kilometers travelled are caused by two main factors: unplanned deliveries, and DCs that 
cannot supply the product, requiring the truck to be redirected to another distribution 
centre. 
 
Schoeman and Sanchez (2009) report that the value of the extra kilometers travelled is 
R6.5 million, and that this is equal to 941 additional tonnes of carbon, resulting in added 
pollution. The model must still be tested in other industries; and it only considers 
transportation costs as a driver of green supply chain cost.  
 
Toke, Gupta and Dandekar (2010) summarise the environmental and operational 
functions involved in a supply chain. Figure 12 illustrates the energy and waste output of 
each function of the supply chain. The four major functions in a supply chain include 
inbound functions, production, distribution, and outbound functions. The inbound 
function involves the selection and certification of a vendor, while production includes all 
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the functions that relate to the physical process of producing the product. Distribution 
(outbound functions) involves storage and the delivery of the product to customers.  
 

 
           Figure 12: Environmental practices in the supply chain (Adapted from Toke et al. 2010) 
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Toke et al. (2010) explain that, to optimise the environmental impact of inbound logistics, 
the just-in-time (JIT) principle can be used to ensure just enough raw materials, thus 
optimising storage space and using less raw material storage. They add that using JIT 
will minimise storage cost of inbound materials because no extra space will be required 
and optimising current facilities will reduce warehousing cost per product and in return 
reduce the cost price of the product.  
 
Toke et al. (2010) agree that distribution can be optimised by considering lower cost 
transportation modes or minimising return loads, thus directly influencing the amount of 
carbon emission generated by the transport of the product from source to destination. 
Reverse logistics are part of the cost of the disposal of a product. In most cases, the 
customer will be responsible for the costs – for example, with computers or cameras.  
 
Toke et al. (2010) conclude that the trade-offs for environmental impact and cost are the 
flexibility, speed, and timing of the supply chain. Supply chain flexibility means the 
flexibility of having different transportation modes and production capacity that is 
available to use in peak times, which might result in a greater environmental impact 
through the increase in resources in the supply chain. These resources might not be 
used fully, and so can increase costs. To increase the speed of the supply chain, faster 
and larger resources will be required for production and distribution, resulting in 
increased environmental impact and cost. Automation can also be considered, resulting 
in a higher supply chain cost but producing at greater speed.  
 
From the study of Toke et al. (2010) it is clear environmental impact and cost must be 
analysed in conjunction with each other, and that there is a trade-off between these 
factors. Their analyses highlight the operational and environmental functions in the 
supply chain. This will be used in the developing phases of the framework to ensure that 
all the aspects of the supply chain will be included in the framework, and to ensure that 
the framework will focus on quantifying the trade-off between the environmental and cost 
impact of operations in the supply chain.  
 
Rao and Holt (2005) report on a constructed model that aims to illustrate the relationship 
between supply chain ECP, competitiveness, and supply chain management. Their first 
realisation was that GSCM assessment must consider the entire supply chain, not just 
single sections of it. Another finding was that GSCM leads to cost savings, and so to 
better ECP and increased competitiveness in the supply chain. The study also found that 
optimising the inbound and production functions in environmental initiatives will lead to a 
significant increase in greener outbound operations. Optimisation will also lead to an 
increase in the competiveness and profit of a company.  
 
Rao and Holt (2005) find that optimising the inbound functions of GSCM involves the 
integration of suppliers into the green supply chain. This involves enforcing rules that 
require suppliers to have an EMS, greening their operations and eliminating waste at 
source. Gains will include minimised environmental waste, reduced pollution, improved 
use of resources, and improved ECP. Greening the production activities will result in the 
reuse of materials, an increase in recycling initiatives, and less pollution. This will lead to 
cost savings in raw materials, lower water and electricity consumption, and an overall 
increase in profitability and competitiveness in the market place.  
 
The framework design will focus on quantifying the impact of GSCM activities that are 
involved in the life-cycle of manufacturing the product but not on quantifying the impact 
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of supplier actions. From the study of Rao and Holt (2005), this will include the impact of 
greening production activities, and in return will quantify the cost-saving in terms of 
profitability.  
 
Dües, Tan and Lim (2013) find that both lean and green supply chain initiatives take into 
account the attributes of waste, techniques of waste reduction, reduction of lead times, 
service level, and supply chain relationships. Combining the two paradigms will result in 
an optimised supply chain from a lean and cost perspective. They add that the lean 
methodology does not include carbon emission reporting, life cycle analysis, or end-of–
life-cycle analysis. The lean methodology’s main KPI is cost and green supply chain 
initiatives focused on carbon emission reduction. In the development of the framework, 
the reasoning of Dües et al. (2013) will be applied to combine lean and green initiatives 
in order to reduce carbon emissions and cost, and to determine the impact of each.  
 
Lee (2011) finds that is it important to measure the direct and indirect sources of carbon 
emissions across the supply chain. Figure 13 illustrates the scope of carbon emissions 
in the supply chain. Carbon emissions are created indirectly by suppliers, and then 
directly by production activities and distribution, and from there the product will be 
moved to the customer for consumption. The research study also states that sustainable 
production – which involves green procurement, recycling, and recovery activities – will 
lead to sustainable distribution and consumption; while sustainable consumption 
includes sustainable distribution practices, recycling, and recovery.  
 

 
Figure 13: Direct vs. indirect effects of carbon footprint in the supply chain (Adapted from Lee 2011) 

 
Lee (2011) concludes that it is strategically important to manage environmental 
initiatives across the whole supply chain, and not just in a single process. This will have 
the biggest impact on reducing carbon emissions. To assess emissions accurately, both 
indirect and direct emissions must be included in the analyses. 
 
Ubeda, Arcelus and Faulin (2011) perform a case study to investigate the potential 
reductions in emissions resulting from green practices in logistics management. They 
conclude that minimising distances will result in cost savings and create efficiency. Costs 
can also be reduced by implementing backhauls to reduce running empty return legs. 
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In developing the framework, the conclusion of the study by Lee (2011) will be 
incorporated into it by analysing initiatives across the supply chain instead of only 
focusing on a single process. Ubeda et al. (2011) focus their case study on 
environmental impact reduction in logistics processes; and this will be used to 
investigate the possible impact on profitability when implementing some of the initiatives, 
such as optimising return loads. 
 
Chaabane et al. (2012) conclude that a carbon emission trading scheme will force 
companies to look again at supply chain activities to make them more environmentally-
friendly. The use of life cycle analysis will maximise sustainability in the long-term. The 
research findings of Chaabane et al. (2012) again stress the importance of a full life-
cycle analysis; and this concept will be one of the fundamental principles on which the 
developed framework will be built. Also, with carbon emission trading as a possibility, 
green initiatives will require more attention in future. Here, the framework could assist a 
company to analyse the effect on profitability when implementing green supply chain 
initiatives. 

 
2.2.3.5 Cost Modelling 
 
Timme (2005) states that few companies realise the potential of using SCM as a tool to 
drive financial performance. Strategic and tactical supply chain decisions cannot be 
made without considering the whole supply chain. An end-to-end supply chain overview 
is required to understand the full impact of supply chain initiatives.  
 
Decisions involving transportation, procurement, and replenishment are often made 
while considering only one section of the supply chain. Improving one initiative can result 
in increased costs in other forms – for example, higher inventory costs and warehouse 
expenses. This again highlights the fact that optimal supply chain management will not 
be achieved if a total supply chain view is not considered (Timme 2005). 
 
Timme (2005) recommends the use of a three-step framework to link supply chain 
management and environmental performance. The process will begin by benchmarking 
financial metrics and understanding the gaps. This is followed by mapping the financial 
gaps between supply chain management and business strategies. Finally, solutions to 
improve supply chain management processes will be explored to yield optimal financial 
returns.  
 
Timme (2005) also comments that gaps in measuring supply chain financial 
performance result from analysing processes in isolation, and for accurate analyses, the 
supply chain must be considered as a whole to determine the true financial impact. 

Jooste and Van Niekerk (2009) note that the distribution costs of companies in the South 
African market account for 5 per cent to 15 per cent of their total sales value. In tough 
economic times, companies all seek and implement cost-savings measures and look for 
ways to increase profit.  
 
Freeman, Haasz, Lizzola and Seiersen (2000) report that, when it comes to customer 
profitability, 50 per cent of the customers are responsible for 95 per cent of company 
revenue. The focus needs to be on initiatives aimed at the customers who will have the 
largest impact on profit. Companies spend a great deal of time introducing new products 
into the market to grow their current market share, but little time is spent understanding 
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true customer profitability per channel, major customer groups, regions, brands, pack 
sizes, delivery routes, and customers. 
 
The argument of Freeman et al. (2000) that profitability is driven by 50 per cent of the 
customers will be investigated with the developed framework, to ensure that the focus is 
on the correct customers and green initiatives in order to contribute positively to 
productivity. As noted by Jooste and Van Niekerk (2009), the distribution cost forms a 
large portion of the total ‘cost to serve’ for the product. So various cost saving initiatives 
– for example, minimising travelling distances and using different types of trucks – will be 
tested in the developed framework to test the sensitivity of profitability and sustainability 
measures. The impact of implementing green initiatives on the supply chain as a whole, 
and not on isolated part of it, will be assessed by incorporating the end-to-end supply 
chain view into the developed framework (Timme 2005). 
 
2.2.3.5.1 Product Costing 

Norek and Pohlen (2001) address the issue of supply chain optimisation in their 
research, and state that not knowing the true cost to service a customer causes difficulty 
in designing the optimal supply chain. The ideal analysis will be to include both cost and 
profit per customer. 
 
Product costing includes all the direct and indirect (overhead) costs associated with 
procuring raw materials (receiving, storage, sales, picking, dispatch, and overhead 
costs) and all the costs associated with manufacturing the product. Manufacturing cost 
includes all the direct (labour, electricity, water, etc.) and indirect (overheads) production 
costs associated with converting the raw material into a finished product. Figure 14 
explains the product flow through the supply chain and the costs included in the product 
cost calculations (circled in red) (Jooste and Van Niekerk 2009). 
 

 
Figure 14: Product costing (Adapted from Jooste and Van Niekerk 2009) 

 
Jooste and Van Niekerk (2009) explain that product-costing calculations are based on 
ABC models. ABC works on the principle that all the activities that are involved in 
producing the product need to be identified, and that the cost of all the activities must be 
included in the total cost. The ABC analysis focuses on all the value- and non-value-
adding activities of converting the raw material into the finished product. The processes 
involve all the activities involved in sourcing the raw material, the raw material purchase 
cost, and manufacturing the product. 
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The ABC method will assign more indirect costs to the direct costs associated with a 
product. Indirect costs – i.e., management and overhead costs – are supporting activities 
that are not directly related to a specific product, and must be related back to a unit cost. 
By assigning costs in this way, it is possible to calculate the cost of producing a single 
product or delivering a service. An investigation into these costs can then lead to 
identifying high cost contributors and reducing or eliminating unnecessary costs. 
Overpriced and less profitable products can also be identified. This will enable 
companies to use the analysis in strategic decision-making and productivity initiatives by 
focusing on the products that are responsible for the most profit, and by changing the 
process and costs that will have the biggest effect on profitability (Jooste and Van 
Niekerk 2009). 
 
The ABC method is a management accounting tool that efficiently identifies the actual 
costs associated with an activity (Capusneanu 2008). It can measure the savings as a 
result of reusing and recycling products by measuring activity contribution cost. Activity 
contribution cost is the cost per unit that the activity contributes to the total ‘cost to serve’ 
of the product. Reusing and recycling will reduce the consumption of material, resulting 
in a lower overall product cost. 
 
Lessner (1991) indicates that product costing can be used in any type of firm and that, 
as long as a product or service is produced or sold, there will be a cost associated. The 
issue in multi-product manufacturing facilities is that all manufacturing costs are evenly 
distributed among all manufactured products; and this will skew the manufacturing price 
by not showing the real price for products that are expensive to manufacture. The 
profitability of products is very important to a company in order to ensure that the right 
strategy per product is implemented, to minimise cost. The ABC analysis will enable 
companies to understand the true profitability of their products.  
 
The ABC methodology will be used to calculate the product costing, and will be applied 
in the framework by assuring that all raw material and manufacturing costs are assigned 
to a specific product (Jooste and Van Niekerk 2009). In the company chosen for the 
case study, the products will be broken down into brands, and all the costs will be 
assigned to what raw materials each brand uses, on which production line the product 
was made, and what overheads need to be assigned to the brand. This will give a unit 
cost of Rand-per-case and Rand-per-kilogram (kg) value per activity for raw materials 
and production. The framework is not limited to manufacturing firms: it could be adapted 
for non-manufacturing firms. Hilton (1991) adds that the calculation of costs in a non-
manufacturing firm is simply the total cost to merchandise a product or supply a service. 
Service-orientated companies do not offer products that can be stored or transported, 
but costs related to offering the service need to be tracked. Examples of these industries 
include insurance companies, restaurants, airlines, and banks. 
 
2.2.3.5.2 The ‘cost to serve’ 

Dawson Consulting (n.d.) states that cost visibility per customer is critical. Many costs 
are involved in transporting the completed product to the customer – for example, sales 
and marketing costs, warehousing costs, transport costs, and overhead costs. All of the 
costs have their own drivers. Before a product is completed, raw material costs, raw 
material storage cost, and manufacturing costs also need to be considered. The cost 
structure and cost links per product are illustrated in Figure 15. The product type will 
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influence sales and marketing costs, while the product type configuration will influence 
warehouse cost. The channel and customer type drives transportation cost. The 
administration costs are driven by the customer type – for example, wholesalers vs 
retailers.  
 

 
Figure 15: ‘Cost to serve’ (Adapted from Dawson Consulting n.d.) 

 
‘Cost to serve’ is the cost involved in the distribution of the product from the source (after 
leaving the point of manufacture) to the end customer. Costs include warehouse costs, 
distribution costs, management costs, and overheads. Figure 16 below explains the 
costs involved (circled in red). Distribution costs, distances, and volumes are taken into 
account when performing the calculations (Dawson Consulting n.d.). 
 

 
Figure 16: ‘Cost to serve’ methodology (Adapted from Jooste and Van Niekerk 2009) 
 

As mentioned earlier, the product costing calculations are based on the ABC modelling 
methodology (Jooste and Van Niekerk 2009). The ‘cost to serve’, which is the part of the 
supply chain after product costing, is also based on the ABC modelling methodology, 
and involves all activities and costs associated with storing, distributing, marketing, 
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selling, and general overhead costs of the product. The level of detail, and decisions 
about which costs to include, can be determined by each analysis. 
 
It will be beneficial to use ABC in the developed framework to determine the ‘cost to 
serve’, because all costs are calculated by tracing the product flow back from the 
customer to the warehouse facility. This methodology will make customer-specific and 
detailed analysis possible. The cost drivers are also identified, and their impact 
understood in the supply chain. Another benefit is that the costs can be aligned to 
different routes and customers, to increase profitability per route and ensure that a 
customer group can receive customised service packages. The ABC methodology will 
also provide a systematic approach to understanding customer profitability and what the 
main drivers are. This information will help companies not to react to short-term 
solutions, but rather to focus on sustainable long-term solutions (Jooste and Van Niekerk 
2009). 
 

2.2.3.5.3 Business Profitability Modelling (BPM) 

Ernst and Young (n.d.) comment that the ‘cost to serve’ methodology measures the 
behaviour of an organisation by breaking up the costs into different types and 
understanding the contribution of each. The gross sales value (GSV) is the amount for 
which the product is sold to customers. The next step is to break down all the cost 
contributors that need to be deducted from the gross GSV to obtain the net sales value. 
Then all the ‘cost to serve’ elements are deducted to calculate the pocket price (PP). 
From the PP the cost of goods sold (COGS) is deducted to obtain the marginal customer 
profitability (MCP). The remainder of the overhead costs are deducted to arrive at the 
true profitability, namely the pocket margin (PM). Breaking the costs into the different 
contributions makes it easy to understand where extra costs are added in the supply 
chain, and what effect those have on the profit. BPM is a combination of product costing 
and ‘cost to serve’ modelling to get the full end-to-end supply chain impact. Business 
profitability calculates the profit contribution at the level of customer, product, route, etc. 
All costs in the financials of a company must be included in the analysis, to arrive at the 
true cost of a product (Ernst and Young n.d). 
 
Jooste and Van Niekerk (2009) show the different levels in an organisation’s financial 
statements where costs are recorded (see Figure 17). The gross value is the value paid 
by the customer for the product. The sales discounts are deducted from the gross value 
to obtain the net sales value. Then the indirect and direct production costs are deducted 
from the net sales value to arrive at a gross contribution per customer and product 
(product cost). Marketing, sales, logistics, and overheads will form part of the ‘cost to 
serve’ costs and, once they have been deducted from the product costing, they will be 
the customer contribution to overheads and profit. 
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Figure 17: Cost allocation (Adapted from Jooste and Van Niekerk 2009) 

 
Tsai et al. (2010) use ABC costing to determine the contribution of the environmental 
cost to the total product costing in a company case study approach. However, the 
contribution of the environmental cost is not related back to the impact on the profitability 
of the company on a product and customer level. The framework presented in this 
document also uses ABC costing, and addresses this gap to determine the impact on 
profitability on an overall company level and on the lowest customer level. Capusneanu 
(2008) recommends a method that can be used to implement green supply chain 
initiatives together with the ABC method. This method assign costs to processes, 
activities, and products, and adds the environmental impact to these costs in order to 
analyse the combination of environmental and product costing. There is a need to take 
the impact of ABC costing further and to relate it to profitability. The developed 
framework will address this need to analyse the impact of green supply chain initiatives 
on profitability. 
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The above examples from Jooste and Van Niekerk (2009) and Ernst and Young (n.d.) 
demonstrate that the full end-to-end supply chain cost can be assessed by applying the 
ABC method to analyse supply chain costs. The impact of environmental cost on product 
costing can also be analysed using the ABC method (Tsai et al. 2010; Capusneanu 
2008). BPM is the next step to quantify the impact of green supply chain initiatives on 
business profitability on both an overall company level and a detailed customer level 
(Ernst and Young n.d.).  
 

2.2.4 Previous Research in an End-to-end Supply Chain Matrix View 
 
In an effort to understand current green supply management concepts and frameworks 
that have been developed in the existing literature and as discussed above, various 
journals have been used as a major source of research. The literature study highlighted 
some of the major contributions to GSCM to be the combination of ABC costing with 
environmental costing, the development of green supply chain performance measures 
and decision-making methods, and the development of GSCM frameworks and best 
practices in GSCM. These journal articles were combined into a matrix (see Appendix C) 
to summarise green supply chain research according to the applied research 
methodology, the core focus areas in the supply chain, and the industry in which the 
research was conducted. The reason for creating the matrix was to understand the 
current green supply chain research focus areas and their supply chain application, and 
to determine gaps for future research. 
 
The main outcomes of selected articles are included in the green supply chain matrix, 
some of which were discussed earlier in the literature review. In total 40 articles are 
included in the matrix from a range of journals, including International Journal of 
Production Economics, Journal of Environmental Science & Policy, Journal of 
Environmental Economics and Management, Journal of Resources, Conservation and 
Recycling, Journal of Transportation Research, Journal of Technological Forecasting 
and Social Change, Journal of Cleaner Production, Journal of Purchasing & Supply 
Management, The IUP Journal of Operations Management, Journal of Decision Support 
Systems, International Journal of Operations and Production Management, Journal of 
Cleaner Production, International Journal of Production Economics, Journal of Industrial 
Management and Data Systems, Journal of Remanufacturing, Benchmarking: An 
International Journal, Journal of Logistics Information Management, Journal of 
Production Research, International Journal of Production Economics, International 
Journal of Production Research, International Journal of Retail and Distribution, 
International Journal of Operations and Production Management, Journal of Resources, 
Conservation and Recycling, International Journal of Management Reviews, 
International Journal of Environmental Science and Technology, Journal of Supply Chain 
Management, and Journal of Social and Behavioural Sciences. Other sources 
considered include a Council for Scientific and Industrial Research (CSIR) and Cardiff 
University case study presented at the 28th annual Southern Transport Conference in 
South Africa in 2009, Proceedings of the 2010 International Conference on Industrial 
Engineering and Operations Management in Bangladesh in 2010, a study done by the 
Norwegian University of Science and Technology in 2002, and a publication of Greenleaf 
Publishing in 2001. The matrix summarises the research methodology into theory 
application, case study application, survey or interview, ANP, numerical experiment, and 
review of previous methodologies or models.  
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The core research focus in the matrix refers to the areas in the supply chain to which the 
research applies. The areas are plan, source, make, deliver, return, enable, KPI metrics, 
and previous research. The areas used to group the research activities in the supply 
chain are from the SCOR model discussed earlier (SCC n.d.). The industry focus in the 
matrix refers to the industry represented in the research from among the following 
categories: FMCG, manufacturing other (manufacturing excluding FMCG), agricultural, 
petroleum, electrical, technological, and other.  
 
The research suggests that, if companies greened their supply chains, not only would 
they achieve substantial cost savings, but they would also enhance their sales and 
market share, and exploit new market opportunities, leading to greater profit margins – 
all of which contributes to the ECP of the firm. The research highlights, therefore, that it 
is beneficial for a company, as part of a greater supply chain strategy, to include and 
quantify GSCM (Beamon 1999; Khoo, Bainbridge, Spedding and Taplin 2001; Sarkis 
2002; Rao and Holt 2005; Capusneanu 2008; Tsai et al. 2010; Kumar et al. 2011; Lee 
and Cheong 2011; Ubeda et al. 2011; Wang et al. 2011; Bose and Pal 2012; Jain and 
Sharma 2014). 
 
The research methodologies used were mostly case studies and model building (Figure 
18). Case studies were performed mainly in the automobile manufacturing environment. 
The modelling methodology includes evolutionary game theory, fuzzy goal programming, 
dynamic non-linear multi attribute decision modelling, and empirical testing of GSCM 
competitiveness, and ECP. The areas in the supply chain that the research mainly 
addresses are source, make, and deliver (Figure 19). The regulatory side of GSCM was 
not addressed in the research articles in the matrix; it is still a new concept that requires 
on-going research, as the laws are changing to address global warming and 
environmental awareness. Most of the research articles focus on the manufacturing 
industry, which includes a high number of automobile, components, and parts 
manufacturing companies (Figure 20).  
 

 
Figure 18: Research methodologies applied in the summarised case studies  
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Figure 19: Supply chain areas included in the summarised case studies  

 

 
Figure 20: Industries included in the summarised case studies  

 
From the research and matrix summary it is clear that only a few models address the full 
end-to-end supply chain view, which includes the plan, source, make, deliver, return, 
and enable functions. Barari et al. (2012) developed a two-player game to illustrate the 
concept of passing on to the consumer all the extra costs that the producer experiences 
in greening the supply chain. Sundarakani et al. (2010) developed a model that 
measures carbon emissions across the supply chain, while Olugu et al. (2011) 
developed a set of measures to evaluate green supply chain performance that must still 
be tested in a practical environment. Toke et al. (2010) summarised the operational and 
environmental factors across the supply chain that contribute to operating a green 
supply chain. Chaabane et al. (2012) implemented the LCA approach in a 
mathematically-based model to assist with sustainable supply chain design, and 
concluded that LCA principles aid in developing sustainable supply chains. Kumar et al. 
(2011) applied the Du Pont analysis to two companies’ secondary data, and concluded 
that implementing green supply chain initiatives can be financially beneficial for a 
company. Van Hoek (1999) identified implementation steps for suppliers, manufacturers, 
wholesalers, distributors, and retailers for GSCM initiatives. Jooste and Van Niekerk 
(2009) and Ernst and Young (n.d.) concluded that the ABC method can be used to 
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assess the full end-to-end supply chain cost, while Tsai et al. (2010) and Capusneanu 
(2008) confirmed that the impact of environmental costs on product costing can be 
analysed by applying the ABC method. 
 
Although some of the articles conclude that implementing green supply chain initiatives 
can be financially viable by applying various methods to understand the environmental 
and cost impact on the supply chain, none quantify the impact on the profitability of a 
business when implementing these initiatives. To realise the full benefit of implementing 
GSCM, the whole supply chain must be analysed from end-to-end to understand the 
total impact. Activities in the supply chain influence each other in a positive or a negative 
way, and it is necessary to view the whole supply chain to ensure that the optimisation of 
one function will not be to the detriment of another function in the supply chain, but 
rather that it will benefit the supply chain as a whole (Clift and Wright 2000). The 
research conducted supports the need to answer the research question – that is, to 
determine how the impact on business profitability and sustainability of implementing 
environmental initiatives can be quantified in a South African business. 
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2.3 Conclusion of earlier research 
 
Srivastava (2007) concluded that most of the research into GSCM and optimisation was 
conducted in different parts of the world, with limited interaction between researchers. 
Most of the research has been at a theoretical research level, reflected in papers and 
frameworks. Srivastava (2007) proposed that the way forward for green supply chain 
research is a practical framework that can determine the optimal way a company must 
select initiatives and products to maximise profitability, while also keeping in mind the 
protection of brand integrity. Srivastava (2007) proposed that, for overall GSCM and 
supply chain design, a combination of traditional and new techniques, along with various 
tools, is needed. This is what the framework presented in this document seeks to offer. 
 
The following key points from the literature study can be summarised: 
 

 Only a few models address the full end-to-end supply chain view, which includes 
plan, source, make, deliver, return, and enable.  

 The depth of GSCM research varies per category and study performed. 

 The focus of GSCM in companies falls into three different categories: 
environmental performance, economic and social responsibility focus.  

 Performance measures can be used to assess supply chains. 

 Some of the hierarchical network models developed cannot be used in daily 
business operations and strategic decision-making.  

 Different factors need to be considered in the supply chain, as well as their 
influence on each other. 

 Carbon emissions tracking has been implemented in certain businesses, but it 
should be noted that carbon emissions are clearly not the only form of 
environmental assessment. Nevertheless, carbon emissions’ tracking is a 
popular way to measure environmental sustainability, and is easy to understand. 

 The ABC method can be used to assess the full end-to-end supply chain cost. 

 There are a multitude of opportunities to develop new models, articles, 
frameworks, and theories about GSCM. 

 A gap has been identified for analytical tools to quantify GSCM, linking 
sustainability and impact on business profit. 

 GSCM can enable competitive advantage and ECP. 

 A full end-to-end supply chain view must be used for GSCM to ensure that the 
initiative benefits the whole supply chain, and that costs are not added to other 
parts of the supply chain when a GSCM initiative is implemented 

 
The research has suggested that there is a need to quantify the impact of implementing 
green supply chain initiatives in a company, based on the profitability and sustainability 
of that company’s supply chain. Existing methods that are used to assess the business 
profitability and sustainability impacts of initiatives are not focused on monitoring the 
complete supply chain, from operational activities to longer-term strategic initiatives 
(Porter and Van der Linde 1999; Schaefer and Kosansky 2008; Marchal et al. 2011). 
Carbon emissions will be used as a measure of the impact on sustainability, and will be 
combined with the ABC method to understand the impact on profitability as well. 
 
The analytical framework will aim to help a company to evaluate the financial and 
environmental impact of sustainability initiatives, to make strategic decisions about 
improving the business’ environmental impact, and to operate in such a way as to gain 
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competitive advantage in its markets. The end-to-end supply chain view can aid the 
understanding of GSCM from a wider perspective, and can assist the business to be 
more responsive and more aware of the impact of business decisions on the supply 
chain. Business profitability impact will be used to evaluate the supply chain, rather than 
performance measures, due to the greater impact it will have on the supply chain. 
 
From the research it is clear that there is no single framework that addresses both 
profitability and sustainability at the same time. The Green Business Profitability 
Framework presented in this paper combines different elements into one ANP to 
quantify the financial and environmental impact of GSCM initiatives in business (Lessner 
1991; Jooste and van Niekerk 2009; Dawson Consulting n.d.; Ernst and Young n.d.; 
DEFRA, n.d.). 
 
The key findings of the existing frameworks – and their relevance to the analytical 
framework – are summarised below: 
 

 The EUISSCA’s Sustainable Supply Chain framework will be incorporated into 
the basis of the developed ANP to understand the process of moving from 
compliance to leadership. A shortcoming of this model in the context of 
quantifying GSCM is that the cost of going green is not considered, as the model 
is focused more on compliance.  
 

 As stated by Cash and Wilkerson (2003), the GreenSCOR model’s advantages 
lie in its ability to link carbon emissions to a specific process, to aid efficiency 
improvement in the supply chain, to aid linking specific strategic carbon emission 
initiatives to activities, and to identify the root cause when environmental targets 
are not met. These attributes will be valuable when analysing the total 
environmental impact of the supply chain.  

 

 The Toyota 5R framework will not be a suitable model for quantifying the impact 
of environmental initiatives on business profitability and sustainability, but it is 
suitable tool for quantifying waste in a process. The concepts of refine, reduce, 
reuse, recycle, and retrieve energy can be used to identify other green options in 
the rest of the supply chain, and will be used in the analytical framework to 
identify green measures that must be quantified, and to group initiatives.  

 

 The LCA method quantifies the environmental impact in different categories, and 
so will not be suitable for addressing the research question. The LCA model’s 
output will be used as the input to the developed model by incorporating all the 
building blocks in a systematic process overview (De Beer and Friend 2006). The 
LCA only measures environmental impact, not the impact on profitability; but it is 
the latter that the research question needs to address (De Bruijn et al. 2004). 

 

 De Beer and Friend (2006) conclude that the EEGECOST model is highly 
suitable for quantifying the environmental costs per functional unit. The 
environmental costs are compared on an annual basis to understand their impact 
on direct and indirect production environmental initiatives. The EEGECOST only 
focuses on production and on activity related to the production of a functional 
unit, and does not model the impact on profit and on the rest of the supply chain 
– unlike the aim of the developed framework.  
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 The case studies by Kumar et al. (2011) show that there is a need to measure 
the impact of green supply chain initiatives on profitability, and the Du Pont 
analysis can be a suitable method – although it does not provide lower-level 
data, and does not specify what part of the supply chain contributed to the 
increase in profitability. In order to answer the research question on a total 
company level, the Du Pont method can be used, but this will only indicate the 
utilisation of resources, which will not necessary mean that environmentally-
friendly initiatives are implemented; it could also just mean that the business is 
more productive. So the Du Pont method is not accurate enough to answer the 
research question. 

 
From the research it is clear that none of the models and frameworks investigated will be 
suitable to compare against the developed framework. The GreenSCOR model comes 
closest, but it does not quantify the financial impact. Therefore it will not form part of the 
basis of the developed framework. The GreenSCOR metrics will be converted into 
carbon emissions per process with the assistance of the DEFRA (n.d.) carbon emission 
conversion factors. This will make it possible to calculate the end-to-end supply chain 
carbon footprint, and so to calculate the environmental impact of the supply chain. Other 
elements that will be incorporated into the developed framework are LCA, product 
costing, ‘cost to serve’, ABC, and Defra (Lessner 1991; Jooste and van Niekerk 2009; 
Dawson Consulting n.d.; Ernst and Young n.d.; DEFRA n.d.). The precise steps to be 
followed are explained in more detail in Chapter 3, and the practical application of the 
framework is developed in Chapter 4. 
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Chapter 3: Framework Design 
 
The research presented in chapter 2 identified a gap in the analytical tools used to 
quantify green supply chain management (GSCM). The framework will be developed 
using the previous research as well as case studies. Theory-building will be the largest 
part of the method, followed by theory-testing research and theory-application research. 
Data will be tested through the use of multiple case studies at a specific fast moving 
consumer goods (FMCG) company in South Africa. 

3.1 Framework Design 
From the research it was established that various frameworks and theories assess 
different parts of the supply chain. The researched frameworks do not evaluate the full 
profitability and environmental impact of implementing green initiatives in the supply 
chain; therefore there is a need to develop a new framework (Porter and Van der Linde 
1999; Srivastava 2007; Schaefer and Kosansky 2008; Marchal et al. 2011). The 
framework presented in this document will consider and combine elements of the life 
cycle assessment (LCA) method, the value-added approach (VAA), supply chain 
operations reference model (SCOR), product costing, ‘cost to serve’, activity-based 
costing (ABC), business profitability, and the green supply chain operations reference 
model (GreenSCOR). The framework will aim to quantify the financial and environmental 
effect of GSCM initiatives (Lessner 1991; Jooste and Van Niekerk 2009; Dawson 
consulting n.d.; Ernst and Young n.d.). 
 

3.1.1 Phase 1: Framework Development 
 
The development of the framework will begin by using the SCOR methodology to 
segment the supply chain building blocks into plan, source, make, deliver, return, and 
enable activities (Supply Chain Council (SCC) n.d.). The source, make, and some 
enable activities will contribute towards product costing, while the deliver, return, and 
some enable activities will fall under the ‘cost to serve’ section. The plan activities will fall 
under both product costing and ‘cost to serve’ sections. With the help of the SCOR 
methodology building blocks, the framework uses the end-to-end supply chain flow and 
arranges cost centres of a company into receiving, storage, processing, delivery, sales, 
marketing, administration, overheads, and advertising. The LCA model’s methodology of 
incorporating all the building blocks into a systematic process overview is applied to 
group the cost centres into a supply chain view (De Beer and Friend 2006). The VAA 
analysis, which will be used to identify the environmental issues associated with 
activities, will be addressed in chapter 4 as part of the case study application (Ellis 
2007). 
 
To shift from the conventional method of calculating product profitability to calculating 
the profitability per product type and customer, however, requires a detailed allocation of 
labour, machine, space, and other variable costs. The Rand per unit value is not just an 
understanding of the profitability, but also an indication of the main cost drivers of the 
product. Figure 21 illustrates the approach followed to determine first the product costing 
and then the ‘cost to serve’ portion of the project, based on ABC cost analysis as the 
primary driver behind the developed framework. Product cost will include raw material 
receiving, raw material storage, and processing (production) cost. ‘Cost to serve’ 
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includes finished goods storage, delivery, sales, marketing, administration, overheads, 
and advertising costs.  
 

 
Figure 21: Approach followed to determine product costing and ‘cost to serve’ 

 
The different activities across the supply chain, from receiving to dispatch, are grouped 
into work centres for which costs must be calculated. These work centres will serve as 
the base level of costing. Work centre cost drivers must be aligned between key 
stakeholders and identified before the cost can be allocated per product type. Products 
are grouped into levels to which different costs are allocated, depending on 
manufacturing activities and the number of units being dealt with. The product levels are 
dependent on the product type – for example, the category, major group, and sub-group 
of a product. Once the product cost has been calculated, the cost is linked to different 
customers, using the actual sales data as reference, which is the ‘cost to serve’ part of 
the framework.  
 
This approach can benefit a business by making visible the non-value-added activities 
and biggest cost contributors. Also, the approach can improve overall profitability by 
monitoring and reporting total life-cycle cost and product performance. The overall 
process of budgeting by identifying the cost per performance relationships for different 
customers and product types can also be improved (Tsai et al. 2010).  
 
The ABC cost analysis also comes with a few challenges in terms of allocating overhead 
costs. The overhead costs can be difficult to split or allocate per function. In this case the 
overhead costs that cannot be allocated will be split according to volumes across 
customers, DC, products etc. This will ensure that the model always balance back to the 
first overall level of costing. 
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3.1.1.1 Production 
 
The production cost consists of the direct cost of cost of goods sold (COGS) and 
manufacturing overhead (MOH) costs. Direct COGS are all the costs associated with the 
physical production process. The total cost per supply chain area is divided by the 
number of units produced by each to calculate a unit rate (Rand per unit) per platform. 
COGS can include the company’s own production costs as well as those of products 
manufactured by a co-manufacturing company, if a company uses both options. A co-
manufacturing company is one that makes products under contract on behalf of a 
company, and will charge a cost-per-unit to manufacture the product. MOH can include 
MOH fixed, MOH variable, and MOH support (see Figure 22).  
 

 
Figure 22: Receiving, storage, and processing detail 

 
Figure 23 explains the detailed calculation of the direct COGS. The COGS of production 
(‘plant COGS’) use the actual rand per unit per supply chain area and multiply it by the 
number of units produced. COGS include the costs and transportation of raw materials, 
plus all the other costs associated with production that is not accounted for under the 
MOH cost.  
 
Co-manufacturing COGS are all the production costs incurred by a possible co-
manufacturer, and can be calculated using the Rand per unit fee charged by the co-
manufacturer, multiplied by the number of units produced. There can be price variances 
(PPVs) per co-manufacturer due to market situations, raw material price fluctuations, 
and so on; and these will be incorporated by deducting the difference in price from the 
total selling price to the co-manufacturer to reveal the true spend.  
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Figure 23: Direct COGS cost breakdown and detail 

 
The MOH costs consist of fixed, variable, and support costs. Fixed MOH costs can 
include building, rent, cleaning, quality control, labour, building repairs, maintenance, 
and manufacturing facility storage costs. The variable costs are those that change with 
the amount produced, and can include electricity, plant natural gas, water, plant fuel and 
oil, plant sewage, other utilities, telephone, operating supplies, overtime, and volume 
adjustment costs. MOH support costs are associated with production support functions, 
and can include purchasing, quality, raw material management, and manufacturing 
management costs. The unit rates are calculated by dividing the total cost centre cost by 
the number of units produced. The number of units is calculated using the sales data per 
product type (see Figure 24). 
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Figure 24: MOH cost breakdown and detail 

 
3.1.1.2 Storage 
 
The storage cost breakdown is illustrated in Figure 25. The storage cost is the finished 
goods costs for storing and moving products through the central distribution centres 
(CDCs) and distribution centres (DCs). The CDC and DC costs are divided into fixed and 
variable costs. Fixed costs include all those associated with the administration and 
overheads of the facilities, and will not vary with the number of products handled. It can 
include compensation, employee benefits, equipment, other headcount-related costs, 
and operating expenses. Variable costs are associated with the handling and storage of 
products, and can include handling equipment rental and allowances; depreciation, 
facility cost, etc. (see Figure 26). The costs (fixed and variable) are calculated by 
dividing the total cost by the total number of cases handled for the same period in the 
facility. Any type of fixed or variable cost can be accommodated in the framework.  
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Figure 25: Finished goods storage detail 

 
 
 

Figure 26: Storage cost breakdown and calculation 
 
3.1.1.3 Delivery 
 
Figure 27 illustrates the delivery cost breakdown details. The delivery cost can be 
broken down into overheads and distribution cost. The overhead costs are the cost of 
management and any other cost not directly related to primary or secondary distribution 
costs. Figure 28 illustrates the detailed breakdown of the primary distribution cost per 
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route, and return costs are also calculated for all returns of pallets, cartons, stale 
products, and any other products that must be returned. The secondary distribution 
costs are divided into fixed and variable costs. Fixed costs can include fleet, overheads, 
equipment, rental, and insurance. Variable costs vary with the number of kilometers 
driven. It can include fuel, oil, tyres, repairs, maintenance, E-tolls, depreciation, traffic 
fines, and driver salaries. The fixed and variable costs are assigned to a product type 
and customer based on the percentage of the truck capacity and sales volume of the 
route that customer and product will consume. The reason for the percentage allocation 
is that a number of customers are assigned to a route ordering various products. The 
overhead costs are assigned by dividing the total overhead cost by the number of units 
sold to calculate a unit rate (Rand per unit) (see Figure 29). 

 
 Figure 27: Delivery detail 
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Figure 28: Distribution cost breakdown and detail 

 

 
         Figure 29: Overhead cost breakdown and detail 

 
3.1.1.4. Sales, Marketing, Administration, and Overheads 
 
The sales, marketing, administration, and overhead costs are illustrated in Figure 30. 
Sales and marketing costs include overhead and other costs. Overhead costs include all 
sales and marketing overhead costs. Other costs can include national account 
management and trade marketing. The number of units sold and the brand of the 
product will drive a portion of the sales, marketing, administration and overhead cost that 
must be assigned. The brand will determine what amount of advertising and marketing is 
spent on the brand, and can differ between brands. If the brand is a core brand of the 
business, it will incur higher investment costs (see Figure 31). 
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 Figure 30: Sales, marketing, administration, and overheads detail 

 

 
Figure 31: Sales and marketing detail 

 
The administration and overheads costs can include training overheads, human 
resources, executive costs, research and development, finance, sales and distribution 
general costs, and supply chain general costs. These are all associated with 
management; control, and training within functions in the business (see Figure 32). The 
total cost will be divided based on the number of units sold. 
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                                                      Figure 32: Administration and overhead costs 

 
 
3.1.1.5 Advertising 
 
Figure 33 illustrates how the advertising cost can be divided into insights and sub-
business levels 1, 2, and 3. The sub-business level is the cost associated with 
advertising the different brands. Insights are research that is focused on consumer 
insights and market needs. A business can adapt the advertising cost by populating the 
different sub-levels; and if there are no insights costs, the business can leave it blank 
(see Figure 34).  
 

 
 Figure 33: Advertising detail 
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                                                 Figure 34: Advertising cost 

 
 
3.1.1.6 Phase 1 Summary 
 
All costs relating to the operations can be calculated and split according to the activities 
with which they are associated. All overhead expenses can be split proportionately 
across the activities. From these calculations, the actual cost per unit by product type 
and by customer can be calculated. Jooste and Van Niekerk (2009) and Ernst and 
Young (n.d.) report that the full end-to-end supply chain cost can be determined by 
applying the ABC method to analyse the supply chain. The partial framework developed 
during phase one already includes elements of the ABC method, product costing, ‘cost 
to serve’, LCC, and a partial SCOR methodology. The full product costing and ‘cost to 
serve’ part of the framework, along with all cost classification, is presented in Figure 35 
below. 
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 Figure 35: Product costing and ‘cost to serve’ detail 
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3.1.2. Phase 2: Business Profitability and GreenSCOR 
 
3.1.2.1 Business Profitability Modelling (BPM) 
 
The Green Business Profitability Framework will be used to determine the cost of 
different business levels by calculating costs as described in the section above on the 
supply chain. Once the costs have been calculated, the business profitability needs to be 
incorporated into the framework. Figure 36 shows the current view that businesses have 
of their gross profits, and how they divide them into segments. Currently all expenses 
are grouped together and subtracted from the gross profit (GP) to calculate the net profit 
(Jooste and Van Niekerk 2009). 
  
The Green Business Profitability Framework calculates business profitability differently, 
using the approaches used by Jooste and Van Niekerk (2009) and Ernst and Young 
(n.d.) – that is, by splitting all the revenues and cost per product across all customers for 
the product costing and ‘cost to serve’ sections of the framework (see Figure 35). In this 
way, individual customers’ and products’ contributions to profitability can be derived. 
Once these splits are made, various GPs are calculated to determine the break-even 
point for various products and customers. This can assist with detailed supply chain 
analysis and help to identify areas for improvement. Different GP levels can be 
analysed, depending on the requirements of industry and management. 
 

 
Figure 36: The detailed gross profit approach in the developed framework of splitting gross profits 

 
Incorporating both the product costing and the ‘cost to serve’ methodologies – while also 
adding gross sales revenue, discounts, and allowances – will result in an end-to-end 
business profitability model. Depending on the maturity level of the company’s data, this 
can seem like a very data-intensive exercise; but using Microsoft Excel’s automation 
tools or a database will make this task manageable. In future, the aim could be to 
automate the calculations once the process has been finalised. The intensity will also 
decrease exponentially by decreasing the level of detail of data required. For example, if 
the ‘cost to serve’ per product per customer per route is not required, the cost per 
product would be sufficient. This example focuses on the lowest level of the framework; 
but it can also be applied to less detailed data. 
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Using the framework discussed in phase 1, the gross sales, discounts, and allowances 
will be added to the framework. The product costing and ‘cost to serve’ will be deducted 
from the net profit to arrive at profitability on a detail level per customer. The levels of 
profitability that can be analysed include the overall business level, the sub-business 
level (local and export), sales regions, go to market (GTM) methods, major customer 
groups, CDC, DC, brand, route, and customer (see Figure 37). The ability to analyse 
profitability on all the different levels will enable a business to understand the true 
profitability per customer, product, route, etc.; and it can then act accordingly to improve 
business profitability. This will enable a business not to view profitability only on a total 
business level, but rather to arrive at a detailed number – and also to be aware of the 
direct impact of this number. 
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Figure 37: Business profitability framework and levels 
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3.1.2.2 GreenSCOR 

 
GreenSCOR metrics are incorporated into the framework to quantify total supply chain 
carbon emissions, and thus to quantify the environmental impact of GSCM; while the 
methods, product costing, ‘cost to serve’, and business profitability, used in conjunction 
with each other, will quantify the financial impact. The GreenSCOR metrics will be 
converted into carbon emissions using Department of Environment, Food, and Rural 
Affairs (DEFRA) (n.d.), and will be incorporated into the framework at the different levels.  
 
The best practices for GreenSCOR (as summarised per process in section 2.2.2.2 and 
Appendix B) will be incorporated into the framework once the carbon emissions are 
known in the supply chain. They will then be a source of ideas to optimise the 
environmental output of the supply chain by reducing carbon emissions. Best practices 
for the plan process include minimise energy use, minimise packaging, maximise loads, 
and minimise the returns. The framework will be able to estimate the cost implication 
when implementing best practices, to determine what impact they might have on the 
profitability of the product. The framework will be helpful when making strategic 
decisions and running various scenarios. It will make it possible to understand the 
predicted financial impact on the various cost centres in the framework. For example, to 
model the impact of moving a DC location, resulting in increased travelling distances to 
customers, primary and secondary transport costs – which fall under the distribution cost 
centre – will rise.  
 
Figure 38 illustrates the complete framework with the GreenSCOR metrics and best 
practices added. The framework will be used in a series of case studies at a single 
company in an attempt to answer the research question. The newly-developed 
framework is called the ‘Green Business Profitability Framework’. 
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Figure 38: Developed Green Business Profitability Framework 
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3.2 Proposed Framework and Implementation 
 

3.2.1. Proposed Framework 
 
The Green Business Profitability Framework in Figure 38 uses a combination of SCOR, 
product costing, ‘cost to serve’, ABC costing, GreenSCOR, and BPM. The metrics 
defined by GreenSCOR will be used, and the measurements will be converted into 
carbon emissions using the emission factors sourced from DEFRA. Emissions factors 
that are not available from DEFRA will be obtained from emission factors developed by 
environmental agencies and from monitoring programmes, regulatory reports, waste 
shipping documents, and environmental permits. Due to the power generation 
differences between the United Kingdom – on which the DEFRA framework is based – 
and South Africa, a local electricity conversion to carbon emissions is used. The same 
rule applies to the natural gas conversion, for which a local conversion rate will be used. 
Finally, best practices are added to the framework. 
 
According to DEFRA (n.d.), seven main greenhouse gases (GHGs) contribute to climate 
change. As defined by the Kyoto Protocol, these are carbon dioxide (CO2), methane 
(CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), 
sulphur hexafluoride (SF6), and nitrogen trifluoride (NF3). To adhere to the Kyoto 
Protocol, all gases generated in all activities must be reported. DEFRA (n.d.) also states 
that carbon emissions (CO2e) is the universally-accepted measurement of the global 
warming potential (GWP) of GHGs. The universally-accepted reporting unit for carbon 
emission is tonnes.  
 
For each activity, predefined factors can be used to calculate the carbon emissions. 
DEFRA (n.d.) notes that the activities in the supply chain can be divided into three 
groups. The first group, ‘direct emissions’, includes all direct activities controlled by the 
business. The second group includes all emissions released into the atmosphere by the 
electricity that a company consumes. The third group includes all emissions as a result 
of business actions not related to a specific activity – for example, business travel, waste 
disposal, the purchase of raw material, etc. The United Nations (UN) (n.d.) defines the 
Kyoto Protocol as an agreement that is internationally known and that links to the UN 
Framework Convention on climate change. All countries are bound to the protocol, when 
they sign it, to reduce their emissions. The UN argues that developed countries have a 
greater responsibility to reduce their carbon emissions because they have been 
industrially active, and thus have had higher carbon emissions, for much longer. 
 
DEFRA (n.d.) explains that in order to calculate carbon emissions, the data per activity 
must be converted into carbon emissions using a predefined carbon emissions table with 
standard conversions. For this study, DEFRA’s (n.d.) carbon emission conversions will 
be used. For example, the kilogram carbon dioxide (kgCO2) emissions of an activity 
using one kilowatt-hour (kWh) are 0.46213kg CO2e per hour. See Appendix D for 
examples of the emission table from DEFRA. 
 

3.2.2 Implementation Steps 
 
The implementation plan derived from the supply chain council (SCC) (n.d.) and the US 
Department of Energy (n.d.) in Figure 39 will be used to implement and test the 
framework in various case studies. The first step focuses on determining the supply 
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chain area on which to focus, and then performing an as-is assessment of the current 
cost and carbon emissions. The next step is to identify improvement opportunities that 
can result in less distance travelled and thus reduce carbon emissions and possibly cost. 
The business profitability and sustainability (in terms of carbon emissions) impacts of the 
improvement opportunities are then determined using the new framework. The 
framework will indicate the feasibility of implementing potential initiatives. It can also be 
used to monitor actual performance after implementation, and to determine how the 
actual results compare with the estimates. 
 

 
Figure 39: Green Business Profitability Framework implementation plan (Adapted from SCC n.d. and US 
Department of Energy n.d.) 

3.3 Concluding Remarks 
There is a gap in the availability of analytical tools to quantify GSCM (Porter and Van der 
Linde 1999; Srivastava 2007; Schaefer and Kosansky 2008; Marchal et al. 2011).The 
framework developed here will be a combination of previous framework ideas and 
methods together with part of the GreenSCOR model. The framework will be tested in a 
series of case studies at a single company. Various parts of the supply chain will be 
addressed in the investigation. The results will be tabled to compare outcomes and 
make recommendations. The case studies will cover a year of operation at the case 
study company in order to monitor the supply chain after green initiative implementation. 
This will be done according to the implementation framework described in section 3.2.1. 
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Chapter 4: Business Profitability Framework application 
The Green Business Profitability Framework developed in Chapter 3 is applied to a 
South African company’s supply chain to determine whether the framework can 
successfully quantify the environmental and business profitability impact. This chapter 
summarises the data gathering process, the analysis, the identification of key 
performance indicators, the testing of the framework in various case studies at the case 
study company, and the results of the case studies. 
 

4.1 Data gathering process 
 
According to the World Business Council of Sustainable Development (WBCSD) and the 
World Resources Institute (WRI) (n.d.), greenhouse gases (GHGs) are reported under 
three different scopes (or categories). The first scope includes all direct GHG emissions 
from resources owned and accounted for by the company. Activities such as the 
production of electricity, heat, and steam; physical and chemical processing; the 
transportation of products, material and waste; and emissions from leakages are all 
included under the first scope. The second scope includes all indirect emissions 
associated with the generation of electricity, steam, and heat. The third scope includes 
all emissions that result from actions by the reporting company – for example, 
employees’ business travel, outsourced functions, waste emissions generated, and the 
production of imported materials that the company will use. 
 
According to the WBCSD and WRI (n.d.), scopes one and two must be reported by all 
companies. Reporting on scope three GHG initiatives is optional. Figure 40 summarises 
the GHGs in the supply chain, and classifies the GHGs according to the different scopes 
(WBCSD and WRI n.d.).  
 

 
     Figure 40: GHGs across the supply chain (Adapted from WBCSD and WRI 2001) 
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The different scopes identified by the WBCSD and WRI (n.d.) will be used to group the 
environmental initiatives and quantify their impact. This is because scopes one and two 
will be compulsory to report when the carbon tax law is implemented, whereas scope 
three will be optional. Scopes one and two will be the main focus of the GHG emissions 
reporting (Van Hille and Louw 2012). 
 
To address the objectives of the research study – to apply the framework to a South 
African company’s supply chain to determine whether the framework can successfully 
quantify the environmental and business profitability impact – the Green Business 
Profitability Framework will be applied to five case studies. These were identified from 
the overview of the GHG emissions provided in Figure 40, and will be used to determine 
the impact on the environment and on profitability by implementing initiatives aimed at 
reducing GHG emissions. And to ensure that different areas of the supply chain are 
addressed, level 1 processes of the supply chain operations reference model (SCOR) 
aided in the selection of the case studies.   
 
To determine the environmental impact in the case studies, all the emissions will be 
converted into kilogram carbon emissions (kgCO2e). This is a common and familiar 
method to quantify environmental impact, as described by the Department of 
Environment, Food and Rural Affairs (DEFRA) (n.d.). The time period considered in the 
case studies was one year, in order to include both peak and off-peak times. And, 
because financial performance is reported annually to the business and its shareholders, 
the full annual impact of the initiatives can be assessed. 
 
The Green Business Profitability Framework presented in Chapter 3 will be used to 
establish the current financial and environmental baseline of the case study company. 
The environmental and profitability impact of the interventions investigated in the case 
studies, using the Green Business Profitability Framework, is compared against the 
current baseline for each of the five case studies described in detail below. The purpose 
of these case studies is to investigate whether the framework is suitable for determining 
the financial and environmental impacts of green initiatives in a business. The five case 
studies presented in this section are structured according to the supply chain operations 
reference model (SCOR) plan, source, make, deliver, and return supply chain building 
blocks (Supply Chain Council (SCC) n.d.). Refer to Table 4 below for a summary of the 
case studies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

74 
 

Table 4: Details of case studies 

 
 
The case studies address different applications of optimisation initiatives from short-term 
to longer-term strategic objectives. In the plan case study, the framework will be applied 
to determine whether it can be used to solve short-term network planning queries. The 
source case study will focus on long-term strategy development, while the make case 
study will incorporate recommendations from a third party consultant. The deliver case 
study will focus on modelling the impact of the current internal initiatives and market 
trends, while the return case study will determine the impact of operational changes in 
the case study company. 
 
The current financial cost of the case study company for the past year will be analysed 
using the Green Business Profitability Framework. This will be to determine the current 
product costing, ‘cost to serve’, and profitability per business, sub-business, sales 
region, go to market (GTM), major customer group, central distribution centre (CDC), 
distribution centre (DC), item brand, route, and customer. Data sources will include the 
financial records of actual expenses and income of all the cost centres in the business, 
detailed sales per customer and product type, primary transportation cost and load 
detail, secondary transportation cost and load detail, CDC and DC expenses, co-
manufacturing prices, raw material prices, and manufacturing schedule summaries per 
product type.  
 

4.1.1. JDA Supply Chain Strategist 
 
JDA software has three different focuses, and different software applies to each focus 
area. The focus areas are strategy, planning, and execution. For the strategic projects, 
Supply Chain Strategist (SCS) will apply; and for planning applications, Transport 
Optimiser will be used. Transport Manager (TMS) software will be applied for a focus on 
execution. The TMS software of JDA will be used in the plan case study, and SCS in the 
source case study for network modelling. 
 
4.1.1.1. Transport Manager (TMS) 
 
JDA’s TMS software creates a transport management solution that synchronises the 
transportation processes. It balances the constraints and current costs with service 
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goals, and takes the transportation lifecycle from order management to service delivery 
into account. Using this module can result in increased customer satisfaction, increased 
productivity, and a decrease in transportation costs (I2 Technologies 2016). 
 
4.1.1.2 Supply Chain Strategist (SCS) 
 
SCS is a multipurpose program that can be applied to various supply chain modelling 
scenarios. SCS is suitable for solving complex network flow and transportation problems 
(I2 Technologies 2016). As a supply chain modelling package, JDA SCS is a tool that 
uses optimisation methods whose main objective is to minimise cost while servicing the 
required demand by applying a multi-product and multi-period approach (Tynjala 2011). 
This package is used by the case study company, and works on the basis of eight 
modelling entity tables. 
 
The eight modelling entity tables of SCS include demand regions, service levels, 
facilities, processes, products, periods, transportation modes, and shipment sizes. The 
entity tables are used to form multiple relationship tables – for example, what product is 
transported to which demand region in which period. The way the relationship tables are 
structured determines the conditions under which the model will search for an optimum. 
The relationship tables are: 
 

 Process at Facility (which processes are active at which facility) 

 Process Component (detail on the process) 

 Facility in Period (which facility is open in which period) 

 Product in Period (which product is active in which period) 

 Product at Facility (which facility manufactures which product) 

 Product at Facility in Period (which product is active at which facility in a specific 
period) 

 Process at Facility in Period (which process is active at which facility in a specific 
period) 

 Demand Requirement (what the demand requirement from the customers is) 

 Transportation Mode in Period (which transportation mode is active in which 
period) 

 Transportation Mode Component (detail on the transportation mode capacity, 
type, etc.) 

 Interfacility Link in Period (whether any product is transported between facilities 
before being sold to the customer) 

 Service Link in Period (transportation detail from the facility to customers) 
 
The software offers a user interface (UI) from which Microsoft Excel and Microsoft 
Access can be used to import the data per table, starting with the eight entity tables and 
building the relationship links from there. Due to the complexity of the relationships, SCS 
is not very user-friendly for new modellers; but for experienced modellers it is a very 
useful tool. The optimisation results can be viewed in summary reports, tables, and a 
visualisation on a world map.  
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4.1.2 Case study detail 
 
Plan case study: 
 
In accordance with other strategic projects at the business, the central Gauteng region, 
with four regional DCs, is the focus of the plan case study. Secondary transportation in 
the case study refers to the transport of products by company-owned vehicles to 
customers. Currently, secondary transportation is an in-house operation at the case 
study company, and the last network and route optimisation project was done before this 
study in 2010. This case study therefore determines whether it is worthwhile to optimise 
the current secondary transportation network by reducing the distance travelled to 
deliver to customers. The case study investigates the impact of reduced distances, for 
each of the four DCs, on the profitability and sustainability of the business.  
 
To achieve this objective, the actual fixed and variable secondary transport costs for the 
last year, the geocodes of current customer locations, current delivery routes, and sales 
data for the past year were collected. Thereafter the optimal routing plan was 
determined using JDA’s TMS (JDA n.d.). The software requires customer location data 
(geocodes), distribution centre locations (geocodes), volume per route per day, truck 
type per route, truck capacity per route, fixed cost per route, variable cost per route, the 
maximum kilometres travelled per day, and a demand forecast for the year. This optimal 
routing plan reallocates customers to DCs based on the optimal cost, maximum number 
of customers serviced per route, and total distance that must be travelled to the 
customer. Thereafter the current and optimised routing plans are compared to determine 
potential improvement initiatives. Finally, the impact of improvement initiatives on the 
business’ profitability and sustainability (in terms of carbon emissions) is determined 
using the new Green Business Profitability Framework.   
 
Source case study: 
 
For the Source case study, the co-manufacturing product network was investigated to 
develop a five-year strategic roadmap using JDA SCS. It considered current growth and 
growth targets to determine where the next co-manufacturing facility should optimally be 
located, in order to reduce the distance travelled to deliver products to the CDCs for 
distribution to customers. The aim was to reduce carbon emissions and costs. Data 
gathering consists of actual costs for the past year for manufacturing, warehousing and 
distribution, strategic plans for potential co-manufacturing location options, forecasted 
growth, and transportation rates of third party logistics providers to transport products 
from the new locations. The aim of the source case study is to use the Green Business 
Profitability Framework to aid with strategic planning. Sourcing products against a 
reduced cost will decrease the cost of goods. The case study also focuses on 
determining whether the Green Business Profitability Framework is beneficial to use in 
quantifying the financial and environmental impact. 
 
Make case study: 
 
The Make case study focuses on the Johannesburg manufacturing facility. It considers 
various areas of the production line, and includes modelling the business profitability and 
environmental impact of certain initiatives recommended by McComb (2013). McComb 
(2013) conducted a study at the case study company, focusing on small and medium-
sized enterprises (SMEs), on behalf of the Council for Scientific and Industrial Research 
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(CSIR).  The case study company will use the findings of the report before they consider 
changing their current operation. The aim of this case study is to use kilowatt-hour (kWh) 
and liquefied petroleum gas (LPG) savings (suggested by a third party) and to convert 
this, using the Green Business Profitability Framework, into tangible environmental and 
profitability impact before making any changes. 
 
McComb (2013) estimated the potential kWh and cost reductions or increases of certain 
initiatives. The environmental and profitability impact indicates which initiatives have the 
biggest impact and are worthwhile implementing. McComb (2013) also indicates which 
initiatives might reduce the profitability of the product significantly, and thus the company 
needs to consider increasing the price of the product, reducing other costs to absorb 
impact, or being able to handle the profitability reduction for environmental gain. 
Recommended initiatives include electricity and LPG reduction approaches.  
 
Data is gathered from McComb (2013), and the current as-is plant running cost for 2015 
is used to calculate the cost and carbon emissions savings.  
 
Deliver case study: 
 
The Deliver case study includes modelling the current impact of market trends and 
Green Supply Chain Management (GSCM) ideas in the CDC warehouse. The CDC in 
Johannesburg is regarded as the main one in the country, and is used for the deliver 
case study. Data gathering includes searching for the latest market trends in green 
warehouses and related activities by using case studies from companies in the Fast 
Moving Consumer Goods (FMCG) industry as a base. Other data sources include the 
cost of running the warehouse for the previous year, electricity charges, and the cost of 
fluorescent lighting. 
 
Return case study: 
 
The Return case study focuses on modelling suggested operational changes and what 
financial and environmental impact can be expected when implementing these changes. 
The return case study focuses on the reduction of return loads and disposal of stale 
products at the different central DCs, instead of moving all the stale products back to the 
plant in Johannesburg. The data gathered includes the return cost, fuel used, and 
kilometres travelled.  
 
In the next section, the Green Business Profitability Framework is applied to the case 
studies to determine the suitability of the framework for quantifying the environmental 
and profitability impact.  
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4.2 Framework application 
 

4.2.1 Baseline for case studies 
 
Using the implementation steps in Figure 39, the Green Business Profitability 
Framework is firstly populated with the costs of the previous year. This serves as the 
baseline for the case study applications. Note that a confidentiality agreement has been 
entered into with the case study company; therefore any financial information, monetary 
amounts, or customer information may not be published. Values similar to the actual 
values will thus be used as substitutes in the case studies. Figure 41 illustrates the 
baseline framework with the current costing reflected as a percentage per process. 
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          Figure 41: Baseline spend per cent per process 
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Production and raw material costs make up 68 per cent of the total annual expenses of 
the case study company. The remaining 32 per cent of the total annual expenses 
(represented in the yellow marked blocks in Figure 41) is divided between storage (5 per 
cent), delivery (8 per cent), sales, marketing, administration, and overheads (16 per 
cent), and advertising (3 per cent). The second and third layer represents the lower-level 
data of the process blocks. Of the production cost, 78 per cent is from direct 
manufacturing costs (cost of goods sold (COGS)), which are the costs directly related to 
manufacturing, and 22 per cent from manufacturing overhead (MOH). The CDC cost 
makes up 60 per cent of the finished goods storage cost, and the DC cost is 40 per cent. 
The overhead cost of the deliveries contributes 34 per cent, while the primary cost 
contributes 45 per cent, secondary cost 20 per cent, and the return cost 1 per cent. 
Sales and marketing activities contribute 60 per cent, and administration and other 
overheads make up 40 per cent of the total sales, marketing, administration, and 
overheads spend. The percentage contribution of the cost indicates the impact that the 
cost might have on the total cost, and thus the impact on profitability of a business, when 
this cost increases or decreases.  
 
The Green Business Profitability Framework is implemented in Microsoft Excel, and 
enables the updating of sales per customer and product type, as well as the actual 
financial expenses every month. There are nine Microsoft Excel costing models that feed 
into each other using Visual Basic for Applications (VBA script) macros. The output from 
the costing models is a single Microsoft Excel spreadsheet that summarises the cost 
impact per area identified in Figure 36. An extract from the results sheet of the baseline 
calculations can be found in Appendix E. 
 
The novel business profitability calculation approach used by the Green Business 
Profitability Framework will enable a business to determine how customers and products 
contribute to profitability on an individual level.  Once these splits are made, various 
gross profits (GPs) are calculated to determine the breakeven point for the various 
products and customers. Different GP levels can be calculated, depending on the 
industry and management requirements. Sales and marketing refer to the sales and 
marketing expenses in terms of salaries and other overhead costs, whereas the 
advertising and marketing refer more to the physical marketing material used for 
promotions and special offers, therefore the duplication in the GP4 and GP6 of 
marketing cost. Tables 5 and 6 summarise the gross profit calculations and levels that 
can be used in the framework. For example, GP1 will be revenue less the COGS, and 
GP2 will be GP1 less storage cost.  
 
                      Table 5: Gross profit levels 
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                                      Table 6: Gross profit calculations 

 
 

Linking back to Figure 36 in Chapter 3, the business profitability can be calculated for 
the following levels: 
 

 L1 – Business level (split between local and export businesses) 

 L2 – Sub-Business level (split between core products and products) 

 L3 – Sales region level (split between regions) 

 L4 – GTM category level (split between different GTM categories) 

 L5 – Major group level (split between major customer groups) 

 L6 – CDC and DC level (split between DCs) 

 L7 – Item brand level (split between item brands) 

 L8 – Item brand level with a co-manufactured category (split between item 
brands, with unique identifier for co-manufactured products) 

 L9 – Route level (split between routes)  
 
The summary costing page in Microsoft Excel is an input document into the Green 
Business Profitability Framework that calculates the profitability per customer, product 
type, route, DC, etc. Figure 42 illustrates the highest level of the profitability calculation 
of the framework. 
 
In Figure 42 the profitability per business level is calculated, resulting in a total 
profitability of 8 per cent (GP6 per cent) for business level 1 (local and export products). 
This figure displays the gross profit level 6, which measures the final productivity after all 
costs, fixed and variable, have been deducted. In level 1 the delivery costs use 6 per 
cent of the profit, and storage costs use 4 per cent. Business level 2 has a total GP6 
profitability of 5 per cent.  
 
In Figure 43 the second calculation is the unit rate (R per kg) profitability, which is R3.44 
for business level one and R1.92 for business level 2. This implies that, for every 
kilogram sold for business level 1 (local and export products), the company will make 
R3.44 profit. 
 
The third measurement is the unit rate as a percentage of gross sales, which indicates 
how much of the gross profit the specific process in the supply chain is consuming. This 
can be used to track improvement initiatives and understand their true impact. 
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                                            Figure 42 Business Level Data output – Green Business Profitability Framework 
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                                                   Figure 43: Business level data output – Unit rate and unit rate per cent 
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Figure 44 illustrates the graph that the Microsoft Excel spreadsheet generates. This is a 
cumulative graph that indicates that business unit level 1 contributes R170 998 932 of 
profit after the deduction of all costs, and business level 2 contributes an additional R11 
908 605. The total of the two business levels indicates the total profit of the business 
(GP6) of R182 907 537.  
 

 
Figure 44: Green Business Profitability Framework – Profitability per business level 

 
Figure 45 illustrates the profitability per item brand, and indicates which items are the 
main profit contributors. Item brands 12 to 17 make a minimum profit, and the input costs 
are almost the same as the profit. For these item brands, alternative GTM ideas must be 
investigated; increasing any costs might cause a reduction in the business’ profitability. 
Item brands 18 to 26 must be investigated to understand why the costs exceed profit for 
these items. The rest of the item brands (marked in green) contribute significantly to 
profitability. The full Green Business Profitability Framework with all its levels can be 
viewed in Appendix E.  
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Figure 45: Green Business Profitability Framework – Profitability per item brand level 

 
Additional functionality provided by the framework offers profit and loss analyses. Figure 
46 illustrates the breakdown of profit and loss for the sub-business level (L2). As 
mentioned earlier, the production cost centre is the biggest contributor to the cost of the 
product, and requires a large number of resources to run the processes. The cost of 
goods includes all the raw material procurement and the manufacturing costs of the 
product before storage. 
 

 
Figure 46: Green Business Profitability Framework– Profitability per sub-business level 
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Another functionality of the framework is the ability to summarise the net profit against 
the ‘cost to serve’ cost of the product per export country or level, which can be applied at 
any of the levels of the framework (refer to Figure 47). The export countries in this case 
study are grouped into different sectors to understand which supply chains to protect, 
grow, repair, or modify, due to low or no profit margins. The boundaries were determined 
by using a benchmark for net profit of R36 per kg, and a ‘cost to serve’ cost of R36 per 
kg. A ‘cost to serve’ cost of R36 per kg is therefore the breakeven cost point for delivery 
to African countries, for a profit that is high enough to make it worthwhile, while taking all 
the risks into account. 
 
A net profit below R36 per kg will fall into either the ‘grow’ or the ‘alternative’ category. 
The ‘grow’ category indicates that this export opportunity needs to grow in future, and 
‘alternative’ indicates that there must be an alternative to the current GTM method and 
sales to that specific country to reduce the costs. The customers who have a ‘cost to 
serve’ lower than R36 per kg and a profitability of more than R36 per kg are those who 
need to be protected, due to their profitability. The customers who will need urgent 
attention will be those with a high ‘cost to serve’ and profitability in the ‘fix’ category. 
Export countries 5 and 6 only marginally cover their cost, and the ‘cost to serve’ of these 
countries consumes most of the profit. Here another GTM solution should be 
investigated. 
 

 
Figure 47:  Green Business Profitability Framework – Profitability per export country 

 
Current costs are referred to as ‘baseline costing’, and will be used as the base to 
compare any changes brought by implementing green supply chain initiatives in the case 
study company. The Green Business Profitability Framework can enable a business to 
measure the impact of GSCM on the business’ investment in profitability. 
 
In Sections 4.2.2 to 4.2.6 below, the developed Green Business Profitability Framework 
is applied to five case studies at a South African FMCG. As previously mentioned, the 
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purpose of these case studies is to investigate whether the framework is suitable for 
determining the financial and environmental impacts of green initiatives in a business.  
 

4.2.2 Case Study: Plan 
 
This case study determines whether it is worthwhile to optimise the current secondary 
transportation network by reducing the distance travelled to deliver to customers. It also 
investigates the impact of reduced distances on the profitability and sustainability of the 
business, for each of the four DCs.  
 
To achieve this, as mentioned, the actual fixed and variable secondary transport costs 
for the previous year, geocodes of current customer locations, current delivery routes, 
and sales data for the previous year were collected. Thereafter, the optimal routing plan 
was determined using JDA’s TMS (JDA n.d.). Using this module resulted in increased 
customer satisfaction, increased productivity, and lower transportation costs. This 
optimal routing plan reallocates customers to DCs based on their location. The current 
and optimised routing plans are then compared to determine potential improvement 
initiatives. Finally, the impact of improvement initiatives on the profitability and 
sustainability (in terms of carbon emissions) of a business is determined, using the new 
Green Business Profitability Framework.   
 
The current customer groupings per DC are not ideal, and part of the exercise is to re-
allocate customers to a DC nearer to them. The current situation per DC is summarised 
by the number of trucks operating from the facility, the number of deliveries, the number 
of kilometres driven per week, and the average number of deliveries per vehicle. Figure 
48 shows the current customer groupings per DC for the four Gauteng central DCs 
included in the analysis. Table 7 summarises the detail for DC1, with a base fleet of 31 
trucks, 1331 deliveries per week, and an average travel distance of 14 890 km per week.  
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Figure 48: Customer grouping for DCs 1 to 4 
 
Table 7: Current DC 1 detail 

 
 
The second DC has a base fleet of 20 vehicles, servicing 626 drop points and driving 5 
838 km per week. The third DC travels a greater distance to customers with a total of 18 
356 km per week. The DC operates 25 vehicles and serves 1 078 customers. The fourth 
DC only has 339 customers, and services them with a base fleet of nine vehicles.  The 
weekly kilometres add up to 6 791 kilometres. (Refer to Appendix F for additional 
information.) 
 
Optimising the current secondary distribution of the central Gauteng region impacts the 
number of drops per DC, the number of vehicles required, and the number of kilometres 
driven. Table 8 illustrate the suggested DC1 delivery detail. In Table 9 the optimisation 
detail per DC is quantified. By optimising the routes, the number of drops reduces by 87, 
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the base fleet reduces by three vehicles per week, and the number of kilometres 
travelled reduces by 5 377 km (36 per cent).   
 
 Table 8: DC 1 optimisation detail 

 
 
Table 9: DC 1 impact detail 

 
 

Appendix F gives the calculation details for DCs 2, 3, and 4. For DC 2 the number of 
drops increases by 72, while the base fleet reduces by 10 vehicles and the kilometres 
are reduced by 458 km (8 per cent). For DC 3 the number of drops remains constant, 
while the base fleet increases by six vehicles and the kilometres travelled are reduced 
by 2 367 km (13 per cent). For DC 4 the number of drops increases by 19, and the base 
fleet increases by one vehicle. The kilometres travelled are reduced by 1 239 km (18 per 
cent).  
 
In summary, the changes in the four inland central DCs brought by the network 
optimisation project reflect an average increase of four drops, an increase in the average 
drops per vehicle by three, an average reduction of four in the number of vehicles, and 
an average reduction of 8 941 km travelled – 19 per cent of the total kilometres travelled. 
 
4.2.2.1 Green Business Profitability Framework - Plan 
 
The green supply chain operations reference model (GreenSCOR) model links best 
practices to the plan processes, as illustrated in Figure 49. The suggested best practices 
applicable to this case study (minimise vehicle fuel usage, maximise loads, and minimise 
returns) link to the process P4 plan deliver (carbon emissions). These level 3 best 
practices then flow into the level 2 process plan carbon emissions and into total supply 
chain carbon footprint (level 1). This was used as a guideline in the case study to review 
the number of kilometres travelled to customers that would reduce carbon emissions. 
The GreenSCOR model identified the best practice that can be used by the Green 
Business Profitability Framework. The impact of optimising the Gauteng central 
secondary transport routing leads to a reduction of 19 per cent in fuel costs and 
kilometres, and in the variable costs of the vehicles. There is also a reduction in the fixed 
costs of vehicles by removing four trucks, where the fixed costs can include fleet, 
overheads, equipment, rental, and insurance. Variable costs are those that vary with the 
number of kilometres driven, and can include fuel, oil, tyres, repair cost, maintenance, e-
tolls, depreciation, traffic fines and driver salaries. The fixed and variable costs are 
assigned to a product type and customer, based on the percentage of the truck capacity 
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and sales volume of the route that those specific customers and products will consume. 
The cost allocation is based on a percentage. 
 

 
Figure 49: Best practices related to the plan process of the SCOR model (Adapted from SCC n.d. and Van 
Zyl 2010) 
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The total variable cost is reduced by R628 448 and the fixed cost by R454 278. The total 
cost reduction for the discussed changes is R1 082 726 per annum. The annual savings 
of the four central Gauteng DCs are R709 550 for DC1, R294 272 for DC2, R14 434 for 
DC3, and R64 468 for DC4. 
 
The change is experienced at the GP3 level, since reducing the secondary distribution 
cost is part of the delivery cost. Figures 50 and 51 show the difference in the profitability 
per business level, while Figures 52 and 53 display the original routing against the 
profitability impact per CDC and DC of the optimised routing. The darker green 
highlighted DCs are those that are impacted in the planning scenario.  
 

 
Figure 50: Plan case study: As-is GP6 values per business level 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

92 
 

 
Figure 51: Plan case study: Impact of GP6 detail per business level 

 

 
Figure 52: Plan case study: As-is GP6 detail per DC 
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Figure 53: Plan case study: Impact GP6 detail per DC 

 
The detailed application of the Green Business Profitability Framework is shown in 
Figures 54 and 55. The framework shows that the GP3 impact is 0.04 per cent, the GP6 
impact is 0.04 per cent, and the total saving is R1 million. The highlighted columns in the 
figures indicate where the calculation impacts the framework. 
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                       Figure 54: Plan case study – GP3 impact of 0.04 per cent 
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Figure 55: Plan case study – GP6 impact of 0.04 per cent and total saving of R1 million 
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In order for a business to understand the total business profitability impact, the carbon 
emissions must be related to a cost impact, and from there to a profitability impact, to 
understand the total supply chain impact of the change. The kilometres travelled are 
directly related to the fuel used – the main driver of carbon emissions. The total kgCO2e 
per DC is calculated and summarised into an overall impact by using the DEFRA (n.d.) 
carbon emission conversions for distribution shown in Figure 56. For the calculation, the 
average vehicles category (up to 3.5 tonnes) is used, which covers all the secondary 
fleet sizes. One kilometre equates to 0.24999kgCO2e. The kilometres are then multiplied 
by the carbon emission factor to calculate the total carbon emissions, as seen in Table 
10. 
 

 
Figure 56: DEFRA’s carbon emission conversions for distribution (Adapted from DEFRA n.d.) 

 
The total carbon emission reduction from the plan case study is 116 tonnes per annum, 
representing a 19 per cent reduction in annual carbon emissions. The detailed carbon 
emission contribution per DC can be found in Appendix F. 
 
Table 10: Plan case study: Overall carbon emission reduction 

 
 
4.2.2.2 Plan case study summary 
 
The case study shows that GreenSCOR can be used to identify the best practices 
related to a process, and that the DEFRA (n.d.) can be used to calculate carbon 
emissions. However, the Green Business Profitability Framework combines Life Cycle 
Assessment (LCA), product costing, the ‘cost to serve’ methodology, Activity Based 
Costing (ABC) costing, Business Profitability Modelling (BPM), DEFRA, and 
GreenSCOR to understand and quantify the impact of green initiatives on company 
profitability. The final results of applying the Green Business Profitability Framework are 
summarised in Table 11. It is clear that DC 1 has the largest impact on business 
profitability and carbon emissions. DC 2 has a reduction in cost and an increase in 
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profitability, but the carbon emissions increase by one per cent, and more kilometres are 
driven. DC 4 also has high carbon emission reductions as well as variable transport cost 
savings – mainly due to the reduction in kilometres travelled. 
 
Table 11: Plan case study results per annum 

 
 
The reduction in kilometres travelled through optimising the secondary transportation 
network is directly related to the carbon emissions, but not to the increase in business 
profitability. In the scenario, the net effect will be a reduction of carbon emissions and an 
increase in business profitability; however, DC2 will increase its carbon emissions and 
kilometres driven, based on the network optimisation.  
 

4.2.3 Case study: Source 
 
The Source case study focuses on determining the financial and environmental impact 
of considering different strategic plans for a future co-manufacturing facility location. The 
aim of this case study is to determine whether the framework can successfully aid the 
company’s strategic planning. 
 
The case study company currently sources raw materials for the co-manufactured 
product from farms located in the Free State, Mpumalanga, and Northern Cape 
provinces of South Africa. The product is manufactured by suppliers in the Free State 
and Western Cape provinces. With increasing demand, there are various options to 
increase manufacturing capacity in other provinces, while limiting the cost and 
environmental impact of the supply chain. These options include investing in a 
manufacturing facility in the North West province, increasing capacity in the Western 
Cape province, or increasing capacity in Kwazulu-Natal (KZN) province. 
 
To investigate this issue, the various alternatives are modelled and compared with the 
current network to determine potential cost savings. MS Excel and JDA SCS (JDA, n.d.) 
are used for the analysis. MS Excel is used to capture the data and map the current flow 
of products from the factory to the customers. SCS uses the data imported from MS 
Excel, and the entity and relationship tables in SCS, to create the current network and 
also to determine where it would be most suitable to invest in a manufacturing plant or to 
increase current manufacturing capability. The model includes raw material sourcing, 
current manufacturing constraints, demand from customers, and available transportation 
options.  
 
The current service area per manufacturing plant is mapped using SCS, and shown in 
Figure 57. The blue marked area represents the Western Cape manufacturing facility’s 
current service area, and green indicates the Free State manufacturing facility’s current 
service area. 
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Figure 57: Source case study: Current co-manufacturing network and service area per plant 

 
Scenario 1: 
 
To add capacity in KZN and to service additional customers as far away as Harrismith – 
along with some Eastern Cape customers – from that facility could result in a R6.3 
million per annum cost saving. This could bring a R4.6 million manufacturing cost 
saving, R1.22 million primary transport saving, and R515 200 warehouse cost saving. 
Figure 58 illustrates the customers and service area for the proposed KZN co-
manufacturing facility. 
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Figure 58: Source case study: Proposed co-manufacturing KZN facility and service area 

 
Scenario 2: 
 
The second scenario investigates the opportunity to add additional co-manufacturing 
capacity in the Western Cape and to extend the Western Cape service area up to East 
London. The potential cost saving is R25.6 million per annum, made up of an R18 million 
manufacturing cost, a R5.6 million transportation cost, and a R2 million warehouse cost. 
Figure 59 illustrates the increased Western Cape service area (marked in orange).  
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Figure 59: Source case study: Extra Western Cape manufacturing capacity and increased service area 

 
Scenario 3: 
 
The third scenario investigates the opportunity to build a new manufacturing facility in 
the North West province. The potential cost saving from incorporating the North West 
manufacturing facility into the network is R9.01 million per annum, from a manufacturing 
cost saving of R6.6 million, a transportation cost saving of R 1.5 million, and a 
warehouse cost saving of R910 628 per annum. Figure 60 illustrates the new service 
area for the North West manufacturing facility (in brown) and the reduced service area 
for the current Free State manufacturing facility (in green).  
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Figure 60: Source case study: Potential North West co-manufacturing facility and smaller Free State facility 

service area 

 
The results of the three scenarios are summarised as follows: 
 

 Additional capacity in KZN province and expanding the KZN customer region to 

include the Eastern Cape province could result in an annual cost saving of R6.3 

million, from a R4.6 million manufacturing cost saving, a R1.22 million primary 

transport saving, and a R515 200 warehouse cost saving. 

 Additional co-manufacturing capacity in the Western Cape province and extending 

the Western Cape service area could bring an annual cost saving of R25.6 million, 

made up of a R18 million manufacturing cost saving, a R5.6 million transportation 

cost saving, and a R2 million warehousing cost saving. 

 The third scenario investigates the opportunity to build a new manufacturing facility in 

the North West province. The potential annual cost saving is estimated to be R9.01 

million, from a manufacturing cost saving of R 6.6 million, a transportation cost 

saving of R1.5 million, and a warehouse cost saving of R910 628. 

The financial and environmental impact per scenario is analysed using the Green 
Business Profitability Framework. 
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4.2.3.1 Green Business Profitability Framework – Source 
 
Best practices (Appendix B, section 8.1) are linked to the sourcing practices by using 

GreenSCOR. The suggested best practices (relevant team member executes deliveries 

for different customers) link to the level 2 process bundle deliveries. From there this links 

to the level 3 process (source stocked product) and into the process source carbon 

emissions. This contributes to the overall L1 process (total supply chain carbon 

footprint). In the case study, the Green Business Profitability Framework uses the best 

practice of the GreenSCOR model as a guideline for reviewing network designs in the 

three scenarios. Figure 61 summarises the best practices related to the source process 

of the SCOR model. 
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Figure 61: Best practices related to the source process of the SCOR model 
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Scenario 1: 
 

The manufacturing cost impact influences GP1, the warehouse cost saving influences 
GP2, and the transport cost saving influences GP3. The GP1 increase of 0.1 per cent 
comes from the decrease in the manufacturing cost of R 4.6 million, due to the lower 
rate input manufacturing cost.  
 
The Green Business Profitability Framework results indicate that GP2 increases by 0.21 
per cent, which represents a R515 200 storage cost saving, and transportation cost 
decreases by R1.2 million, causing an increase of GP3 by 0.26 per cent. The total 
impact is a cost saving of R6.3 million, which increases the total company profitability by 
0.26 per cent (Figures 62 and 63). Figures 64 and 65 illustrate the difference in the 
profitability per business level. The highlighted cells indicate the impact on GP3 and 
GP6. 
 
The number of kilometres driven directly influences the amount of fuel used, thus 
increasing the amount of carbon emissions. The total kgCO2e produced by travelling 
from the CDCs to the customers and back is calculated and summarised into an overall 
impact. The carbon emission impacts of all three scenarios are calculated using the 
Green Business Profitability Framework, and the same DEFRA (n.d) conversion factors 
are used as in the Plan case study (refer to Figure 56). To calculate the kgCO2e, the 
reduced distance of 539 795 km is multiplied by the carbon emissions factor of 0.24999 
for vehicles of up to 3.5 tonnes, and the answer is converted to tonnes. The annual 
carbon emission reduction for scenario 1 is 135 tonnes, which contributes 20 per cent 
towards the annual carbon emission. Table 12 summarises the overall impact of the 
carbon emission reduction.  From this figure it can be seen that the carbon emission 
reduction for scenario 1 is 135 tonnes per annum, which contributes 20 per cent towards 
the annual carbon emission. 
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Figure 62: Source case study SC 1: GP1 to GP3 impact 
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Figure 63: Source case study SC 1: GP6 impact of 0.26 per cent and total saving of R6 million 
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        Figure 64: Source case study: Scenario 1 As-is GP6 values per business level  

 

 
         Figure 65: Source case study: Scenario 1 GP6 values per business level 

 
 
 
Table 12: Source case study: Scenario 1: Overall reduction of carbon emission by adding a co-manufacturer 
in KZN 
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Scenario 2: 
 
The extra co-manufacturing capacity results in a manufacturing cost saving of R18 
million, which increases the GP1 by 0.74 per cent – although this is dependent on the 
manufacturing cost that the co-manufacturer can charge. The storage cost impact is a 
saving of R2 million, and the transportation cost reduces by R5.6 million. The overall 
impact is a total cost saving of R25.6 million and a total company profitability increase of 
1.05 per cent. The output from the Green Business Profitability Framework is displayed 
in Figures 66 and 67. Figures 68 and 69 illustrate the difference in the profitability per 
business level. The highlighted cells indicate the impact on the GP 3 and GP6. 
 
Carbon emissions will increase by 19 tonnes per annum (3 per cent), due to a 74 191 
km increase in the annual kilometres travelled. The potential annual cost saving of this 
scenario (R25.6 million) seems very attractive, but implementing this scenario will have a 
bigger impact on the environment through increased carbon emissions. Table 13 
summarises the overall impact of the carbon emissions reduction. 
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               Figure 66: Source case study SC 2: GP6 impact of 1.05 per cent and total saving of R25.6 million 
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Figure 67: Source case study SC 2: GP6 impact of 1.05 per cent and total saving of R25.6 million 
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Figure 68: Source case study: Scenario 2 As-is GP6 values per business level 

 
 

 
Figure 69: Source case study: Scenario 2 Scenario 2 GP6 values per business level 
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Table 13: Source case study: Scenario 2 Overall reduction of carbon emissions from an additional co-
manufacturer in the Western Cape 

 
 
Scenario 3: 
 

The extra co-manufacturing facility in the North West province results in a total cost 
saving of R9 million, which results in an overall 0.37 per cent gross profit increase. The 
production cost reduces by R6.6 million, the storage cost by R910 628, and the 
transportation cost by R1.5 million. The carbon emissions will increase by 41 tonnes per 
annum (6 per cent) due to an increase in the distance covered annually (an annual 
increase of 165 449 km). Figures 70 and 71 illustrate the output of the Green Business 
Profitability Framework, and Figures 72 and 73 show the difference in the profitability per 
business level from applying the proposed changes. The highlighted cells indicate the 
impacts on the GP 3 and GP6. 
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Figure 70: Source case study SC 3: GP6 impact of 0.37per cent and total saving of R9 million 
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Figure 71: Source case study SC 3: GP6 impact of 0.37 per cent and total saving of R9 million 
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Figure 72: Source case study: Scenario 3 As-is GP6 values per business level 

 

 
Figure 73: Source case study: Scenario 3 GP6 values per business level 

 
Table 14 summarises the overall impact of the increase in carbon emissions. They 
increase by 41 tonnes (6 per cent) per annum when implementing the proposed 
scenario. This is due to an increase of 165 449 km in the annual distance travelled. 
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Table 14: Source case study: Scenario 3 Overall reduction of carbon emissions from building a new co-
manufacturing facility in the North West 

 
 
4.2.3.2 Source case study summary 
 

The Source case study evaluated the suitability of using the Green Business Profitability 
Framework to create a five-year strategic roadmap. The results of the case study 
showed that GreenSCOR can be used to identify the best practices related to a process, 
and that the DEFRA carbon emission conversions (n.d.) can be used when calculating 
carbon emissions. 
 
The results of applying the Green Business Profitability Framework in the three 
scenarios are given in Table 15. Depending on the decision-making priorities, different 
scenarios can be recommended. If the priority is to have an option that is more 
environmentally-friendly, using the co-manufacturer in the KZN province (Scenario 1) 
would be best, as it increases business profitability by 0.26 per cent and has a carbon 
reduction of 20 per cent in the overall network. If the aim is to rather to optimise business 
profitability and limit the environmental impact as much as possible, the option to have 
additional manufacturing capacity in the Western Cape (scenario 2) must be considered.  
 
The results indicate that the impact on profitability is not directly related to carbon 
emissions and, in some instances, there will indeed be a trade-off between profitability 
and sustainability.  
 
Table 15: Source case study results per annum 

 
 

4.2.4 Case study: Make 
 
The make case study is applied to the Johannesburg manufacturing facility in various 
areas of the production line, and includes quantifying the business profitability and 
environmental impact of some initiatives identified by McComb (2013) in a study 
conducted on behalf of the CSIR. This study considered various sustainability initiatives 
for both electrical and LPG energy in the current Gauteng-based manufacturing facility.  
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4.2.4.1 Make case study electrical energy reduction initiatives 
 
The electrical energy reduction initiative considers various recommendations, including 
tariff consolidation, air compressor heat recovery, compressed air leaks, air compressor 
pressure reduction, extruder motor, and energy-efficient lights. 
 
Tariff consolidation 
 
McComb (2013) discovered that the case study company pays three different tariffs for 
electricity supplied to the Johannesburg plant. The cheapest tariff is R0.80 per kWh for 
the main feed of 1500kVa (kilovolt ampere), with the 800kVa to 100kVA feeds charged 
between R0.88 and R0.98 per kWh. Combining the feeds into a single supply line would 
therefore result in a saving of between R0.08 and R0.18 per kWh. This translates into an 
estimated monthly saving of between R4 980 and R27 600. 
 
In addition, combining the feeds could reduce the peak time demand of 100kVa, 
potentially saving another R2 400 per month – an estimated annual saving of R360 000. 
 
Air compressor heat recovery 
 
McComb (2013) states that the geysers, showers and boilers can use the recovered 
capacity of the air compressors to operate, which is estimated to be around 70 per cent 
of the initial capacity. This result in 115.5 kilowatt (kW) output that could power the 
geyser and solar panel elements of the geysers (estimated to be around 66kW). There 
would also be a reduction in the cooling load for the air compressor, which is around 
20kW; and that would reduce the amount of LPG gas used. 
 
The installation cost of such a recovery system is estimated at R90 000, and the 
potential saving per year as a result of this system is estimated at R180 000, equating to 
345 000 kWh and 159 435 (159 tonnes) savings annually (refer to Table 16). 
 
Table 16: kWh conversion from DEFRA’s carbon emissions conversions (Adapted from DEFRA n.d.) 

 
 
The payback period of the investment, as determined by McComb (2013), would be 0.5 
years. However, payback calculations only indicate how fast a company can recover 
from an investment, and do not measure the project’s total profitability (Averkamp 2015). 
Payback period calculations should therefore use cash flows rather than net income in 
the calculation.  
 
The true impact of the investment and the saving on the company is more accurately 
measured by considering the project’s total profitability. Therefore the Green Business 
Profitability Framework will be applied to the case study to determine the total 
profitability impact of the initiative.  
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Compressed air leaks 
 
Currently the case study company does not run any compressed air leak and detection 
programmes. The norm for air leakage for companies that monitor it is 10 per cent; but 
for companies that do not monitor, it is between 20 to 30 per cent. McComb (2013) 
suggests that the 50 per cent reduction in compressed air leakage that can be realised 
by monitoring it would result in a monthly saving of 10 000 kWh. 
 
McComb (2013) recommends a R12 000 investment to realise a 172 400 kWh (R90 
000) and a 79 671 kgCO2e (79 tonnes) saving per annum. The payback for the 
investment is therefore estimated at 0.13 years. 
 
Air compressor pressure reduction 
 
McComb (2013) reports that compressed air is used for the filling lines operating 
pneumatic valves, which require a pressure of 2 bar. To reduce the system operating 
pressure by 1 bar, the compressor demand needs to reduce by 7 to 10 per cent. 
Currently 7 bar is used by the air compressor, but could be reduced to 6.5 bar. There is 
also an option to replace the compressed air lines with a blower that has a lower 
pressure. This would require a R30 000 investment, and could save 63 200 kWh per 
annum – an annual saving of R33 000 and 29 207 kgCO2e (29 tonnes). The payback for 
the air compressor pressure reduction initiative is therefore estimated to be 0.9 years. 
  
Extruder motor 
 
One of the manufacturing lines has an extruder that is driven by belt drives and other old 
equipment. Slippages with these belts result in losses. However, these losses could be 
minimised by using cogged V-belts. It is therefore recommended that these motors be 
replaced with directly-driven high efficiency motors that could result in a 2.5 per cent 
efficiency improvement. The motor currently uses 96 000 kWh per month, so a 5 per 
cent efficiency improvement would result in a reduction of 4300 kWh per month. The 
potential savings are therefore estimated to be R26 400 per annum in cost (51 600 kWh) 
and 23 846 kgCO2e (23 tonnes) per annum in emissions (McComb 2013). 
 
Energy-efficient lighting in high bays 
 
The lights in the factory are 400 megavolts (MV), which is equal to 400-watt lights that 
operate 24 hours per day all year round. The factory has 484 of these lights that are 
operational during the day. An extra 63 lights operate at night. A possible replacement 
bulb option is the pulse metal halide bulb of 200 watts. Induction bulbs are another 
option, and part of an Eskom retrofit project that aims to provide incentives for changing 
lighting. The induction bulbs have a lower efficiency, measured in lumens per watt, but 
they only have a lamp life of about 60 000 hours (McComb 2013). 
 
Venture Lighting (n.d.) state that some of the advantages of the pulse metal halide bulb 
are a longer bulb life, increased quality, light that is closer to sunlight than any other high 
intensity discharge (HID) light source, and lower electricity-generating requirements. The 
halide bulb has a lamp life of 40 000 hours – longer than other bulbs with a lamp life of 
between 16 000 and 24 000 hours. McComb (2013) adds that the disadvantage is that 
they have a restrike time (the time from being turned off after being on for a long time, 
and then cooling down sufficiently before it can be switched on again) of two to three 
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minutes. But that is still better than the MV400s, with a restrike rate of between four and 
seven minutes.  
 
Table 17 shows the details of the calculation for the monthly and annual savings when 
comparing the day and night operations (McComb 2013). The power consumption of the 
400 MV lights is compared with the pulse metal halide bulb (200 watts). Spend is 
calculated using the actual power usage, cost per kWh, and the utilisation ratio. Results 
indicate that a saving of R395 457 per year can be realised for the day shift and R25 737 
for the night shift. The total annual saving is R421 194, with an initial investment cost of 
R138 840, resulting in a payback period of 0.3 years. The estimated kWh saving of this 
initiative is 900 000 kWh per annum, and the emission saving is 415 917 kgCO2e (415 
tonnes) per annum.  
 
Table 17: Wattage reduction calculation detail for day and night shift operation (Adapted from McComb 
2013) 

 
 
Electrical energy initiative summary 
 
Table 18 summarises the total savings from the electrical energy initiatives. The tariff 
consolidation, compressed air leaks, and energy-efficient lighting in high bays are the 
easiest to implement, while air compressor pressure reduction, air compressor heat 
recovery, and extruder motor installation will require more work to implement. The total 
annual saving from implementing all the above-mentioned initiatives would be R839 760. 
The details of the saving and carbon emission calculations are displayed per electrical 
energy initiative in Figure 74. 
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                       Figure 74: Electricity saving calculation – Conversion to kgCO2e 
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The total saving on carbon emissions is 708 076 kgCO2e (708 tonnes), to which the 
initiatives investigating energy-efficient lighting in high bays would make the biggest 
contribution. The last column indicates how easy it would be to implement the initiatives, 
ranked from ‘1’ for the easiest to ‘5’ for the hardest.  
 
Table 18: Summary of the total energy and kgCO2e savings per initiative (Adapted from McComb 2013) 

 
 
4.2.4.2 Make case study LPG reduction initiatives 
 
The LPG reduction initiatives include fryer or oven combustion efficiency, line damper 
and burner on a specific manufacturing line, preheat combustion air, insulation of steam 
pipes and valves, steam leaks, condensate return, oil recirculation insulation, waste to 
energy, and CO2 recovery recommendations. 
 
Fryer or oven combustion efficiency 
 
McComb (2013) conducted a full gas usage analysis of the three different manufacturing 
lines in the Johannesburg manufacturing facility. Table 19 summarises the gas usages 
per manufacturing line.  
 
Table 19: Gas usage per manufacturing line 

 
 
The efficiencies of manufacturing lines 2 and 3 are below the acceptable norm, whereas 
manufacturing line 1 operates at an acceptable efficiency. If the combustion efficiency 
could be improved by 2 per cent, this would result in a potential saving of R360 000 per 
annum. To convert the gigajoule (GJ) saving into carbon emissions, the DEFRA (n.d) 
framework will be used. Tables 20 and 21 display the factors that are used for the 
conversion. 1GJ is equal to 277.78kWh; this factor will then be multiplied by 525 GJ, and 
subsequently converted from kWh to kgCO2e. The annual saving is estimated to be 525 
GJ, or 31 631 kgCO2e (31tonnes). 
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Table 20: GJ to kWh conversion (Adapted from DEFRA n.d.) 

 
 
Table 21: kWh to kgCO2e conversion (Adapted from DEFRA n.d.) 

 
 
Line damper and burner on a specific manufacturing line 
 
The oil heating burner of the manufacturing line is clogged with oil, resulting in reduced 
air flow through the burner. Figure 75 below shows the burner intake. 
 

 
                                                               Figure 75: Burner intake (Adapted from McComb  2013) 

 
The line has a 20m3 per hr (R88 per hr) consumption and losses of around 5 per cent. It 
is possible to install a duct intake with a saving of approximately R15 000 per annum 
and a once-off installation cost of R30 000. The payback period for the investment will 
therefore be two years. To convert the GJ saving to kgCO2e, the same DEFRA (n.d.) 
conversion factors used in section 4.2.4 are used. This results in an estimated saving of 
1506 kgCO2e annually (McComb 2013). 
 
Preheat combustion air 
 
To optimise the overall use of combustion energy and to be more efficient, the 
combustion air can be preheated. An increase in temperature of 60 degrees Celsius can 
still be within manageable tolerance levels without impacting the burner’s operation. The 
idea is to install an economiser on the line to transfer heat to the boiler and the oil-
heating burners. The staff showers and cleaning of the plant can use the condensate 
(McComb 2013). 
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This could result in a 3 per cent reduction of fuel consumption, translating into a R600 
000 per annum saving. The price estimation per stack is about R480 000, and the 
installation cost another R120 000. The payback period is therefore estimated to be one 
year. Using DEFRA (n.d) conversion factors, the estimated saving is 900 GJ, translating 
into 54 225 kgCO2e. 
 
Insulation - steam pipes and valves 
 
McComb (2013) mentions that the insulation in the steam pipes is directly linked to 
steam energy losses and usage. Poor insulation in the facility’s current steam pipes 
accounted for more than 18 per cent of the energy steam usage, and could be reduced 
through effective insulation by at least 50 per cent, equal to 2000m3 per month. Figure 
76 shows uninsulated steam lines and a heat map illustrating the heat loss of the steam 
line. Valves can be insulated using removable ‘jackets’, as illustrated in Figure 77 below. 
The insulation will cost R36 000, and the saving is estimated at R72 000 per year. The 
payback term of the investment is 0.6 years, with an annual saving of 100 GJ. This is 
converted to 6 025 kgCO2e per annum using the DEFRA (n.d) factors. 
 

 
                                Figure 76: Uninsulated steam lines (Adapted from McComb 2013) 
 
 

 
                                        Figure 77: Example of valve insulation (Adapted from McComb 2013) 
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Steam leaks 
 
The current manufacturing facility has a number of steam leaks at joints or steam traps 
that are visible to the naked eye. Around 4.7 per cent of the steam (15 kg per hour) is 
lost through these cracks. McComb (2013) adds that, to prevent steam leaks, all steam 
traps should be tested with ultrasound or the conductivity method at least once a year. 
To fix and maintain the current steam leaks will cost R36 000, and the annual savings 
are estimated to be about R36 000. The payback for the investment is one year. The 
saving will be 50 GJ, which converts to 3 012 kgCO2e annually. 
 
Condensate return 
 
McComb (2013) reports that the current plant has no direct steam injection application; 
and so the assumption is that at least 85 per cent of the condensate must be returned to 
the hot well. After investigation it was established that only 55 per cent of the 
condensate was returned to the hot well. McComb (2013) add that the current return 
lines are poorly insulated, resulting in heat loss along the line and lower temperatures at 
the boiler. When an effective return system is implemented, this can result in a 35 per 
cent increase in condensate and a reduction in fuel consumption of at least 5.3 per cent.  
 
Increasing the insulation in the return lines requires an investment of at least R54 000, 
with estimated savings of R36 000 per year and a payback of 1.5 years. The saving will 
be 50GJ, which translates to 3 012 kgCO2e annually. 
 
Oil recirculation insulation  
 
Another area in which to improve insulation is the valves and pipes on the oil circulation 
loop. The removable jackets shown in Figure 77 above can also be used over the valves 
to increase insulation, and uninsulated pipes should be properly insulated to avoid heat 
loss. Figure 78 illustrates the heat map of uninsulated pipes, and Figure 79 shows the 
heat map of uninsulated valves (McComb 2013).     
 

 
                                Figure 78: Heat map of uninsulated pipes (Adapted from McComb  2013) 
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                                  Figure 79: Heat map of uninsulated valves (Adapted from McComb 2013) 

 
McComb (2013) add that the current estimation of radiation loss due to poor insulation 
on the oil circulation loop is around 300kW. This accounts for about 2.5 to 5 per cent of 
the gas used. The investment cost is estimated to be R300 000, and the saving would 
be R600 000 per year. The payback is therefore 0.5 years, with an annual saving of 900 
GJ or 54 225 kgCO2e.  
 
Waste to energy 
 
McComb (2013) mentions that the manufacturer uses film for the outer packaging of 
products, and that the film scrap rate is very high. The wasted film amounts to about 40 
tonnes per month at the Johannesburg manufacturing facility; but it could be used for the 
pyrolysis process. Zafar (2015) explains that biomass pyrolysis can be either a small- or 
a large-scale operation, and works by converting biomass to a liquid that is easily 
transported and that can then be used to generate power. He adds that food and 
beverage packaging is different from other plastics because the plastic is attached to 
other materials such as aluminium and polymer laminate. Pyrolysis of plastics can be 
used to recover synthetic fuel and dispose of waste. Diesel generator fuel and fuel for 
burners are uses of the pyrolysis oils recovered from the process. 
 
The Biofuels Academy (n.d.) summarises the basic steps in the pyrolysis of plastic 
process, illustrated in the flow diagram in Figure 80. The first step is to heat the plastic 
evenly, and then to begin the process of eliminating oxygen (O2) from the pyrolysis 
chamber. The next step is to manage the by-product, known as carbonaceous char. The 
last step is the condensation and fractionation of the pyrolysis vapours to produce the 
distillate. 
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Figure 80: The process of waste plastic technology (Adapted from The Biofuels Academy 2015) 
 

McComb (2013) states that the proposed pyrolysis process discussed above can 
generate around 576 GJ energy per month, and that this could be used by the fryer in 
the manufacturing facility. With the average cost of LPG gas, the gas saving is around 
R51 000 per month, and the electricity saving is R6 000 per month. Costs that must be 
considered are installation costs and the cost of conducting an energy information 
administration (EIA). There is no extra storage requirement because space is available 
with the existing LPG burner. The investment is estimated at around R1.5 million, with a 
saving of R540 000 per year. The payback period is 2.78 years, and the estimated 
annual saving is 800GJ, or 48 200 kgCO2e. 
 
Carbon dioxide (CO2) recovery 
 
McComb (2013) states that there is an option to recover the CO2 emitted by the current 
operations and to sell it into the market. This is possible owing to the low sulphur level of 
the company’s emissions. The current monthly CO2 emissions are approximately 3 900 
tonnes. McComb (2013) adds that building a plant next to the existing facility that would 
be able to recover 6 tonnes per hour would cost around R90 million. The estimated 
return, with a profit of R1 200 per ton, would be an estimated R3.6 million per month 
(R43.2 million per year), and the payback time would be two years. 
 
LPG energy initiative summary 
 
The impact of the LPG energy improvement suggestions is summarised in Table 22. The 
total energy saving from the LPG energy recommendations is 3350 GJ. The GJ unit can 
be converted to kWh and from there to kgCO2e. The total potential kWh saving is 
930 556 kWh and 201 838 kgCO2e. Figure 81 summarises the detailed calculations. The 
last column indicates the ease of implementing the initiatives, ranked from ‘1’ for the 
easiest to ‘5’ for the hardest. The initiative to use waste as energy and to recover CO2 
will require the greatest amount of skill and time to implement. 
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Table 22: Summary of LPG energy saving initiatives 

 
 

 
Figure 81: LPG energy saving calculation: Conversion to kWh 
 

Implementing the waste-to-energy and CO2 recovery recommendations requires major 
capital investment, and is not being considered in the short-term by the case study 
company. The investment for the remainder of the initiatives is R1 056 000, and the 
potential saving is R1 719 000. The net effect will be a total saving of R663 000, which is 
also suggested by McComb (2013). 
 
4.2.4.3 Green Business Profitability Framework – Make 
 
In this section, the effects of the initiatives (as discussed in Section 4.2.4) are evaluated 
using the Green Business Profitability Framework, and are compared with McComb’s 
(2013) suggestions. The SCOR model’s best practices that relate to the make process 
are summarised in Figure 82. The suggested best practice, benchmark practices, links 
to process M1.3 Produce and test (carbon emissions), which in turn links to the process 
M1 Make to stock (carbon emissions); and this will link to the level 2 process of make 
carbon emissions, which will flow into the level 1 process total supply chain carbon 
footprint. In the case study, the Green Business Profitability Framework uses the best 
practice of the GreenSCOR model as a guideline to review the reduction in electricity 
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use and the LPG initiatives. Van Zyl (2010) states that implementing the best practices 
of the SCOR model is directly related to improved supply chain efficiency. 
 
The total make carbon emissions of the manufacturing case study include the electrical 
energy initiatives and the LPG energy initiatives, which are converted into carbon 
emissions using the DEFRA (n.d.) carbon emission framework. The total annual carbon 
emission saving for this case study is 910 tonnes.  
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                Figure 82: Best practices related to the make process of the SCOR model 
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The total annual cost and kgCO2e saving of the electrical energy initiatives is R839 760, 
and 708 076 kgCO2e. The LPG gas saving is R663 000, and the carbon emission saving 
is 201 838 kgCO2e. Both impact the total production cost – specifically, the variable 
MOH cost. The impact of the electricity and LPG gas intervention represents a R1 502 
760 saving, and a total of 910 tonnes of carbon emissions savings per year. 
 
This increases the business profitability by 0.06 per cent per annum, and impacts the 
GP1 level thanks to the COGS, which reduces by R1 502 760 per annum (net effect of 
savings and investment). The detail is given in Appendix G for the make case study. 
Figures 83 and 84 illustrate the change in business profitability per business level, and 
Figures 85 and 86 illustrate the change per sales region level.  
 

 
Figure 83: The original profitability per business level 
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Figure 84: The change in profitability per business level 
 

 
Figure 85: The original profitability per business level 
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Figure 86: The change in profitability per business level 

 
Business level 1 experienced a business profitability change of 0.02 per cent and 
business level 2 a change of 0.43 per cent. Sales region 1 experienced the highest 
change in business profitability – R518 894 (0.07 per cent) – and sales region 8 was 
second-highest with R313 851 (0.06 per cent). Table 23 illustrates the GP6 change per 
sales region. 
 
 
                                          Table 23: GP6 change per sales region level 

 
                                           

 
The Green Business Profitability Framework can be applied to understanding the impact 
on business profitability at different levels, with the lowest being the business profitability 
impact per route level. The framework enables the business to understand the total 
business profitability impact, and also to quantify the green impact of the initiative. The 
recommendations of McComb (2013) have a total impact on the business, measured as 
an increase in profitability, of 0.06 per cent per annum; and the business can expect a 
total saving of R1 502 760 per annum.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

© University of Pretoria 



Quantifying the impact of green supply chain management   

 

133 
 

4.2.4.4 Make case study summary 
 
The effect of the initiatives identified by McComb (2013) on electricity and LPG gas 
consumption was investigated in the make case study. Table 24 summarises the 
findings. The initiatives to reduce electricity consumption include the consolidation of 
tariffs, heat recovery of the compressors, compressed air leakage reduction, pressure 
reduction of air compressors, replacement of the current extruder motors with directly-
driven high efficiency motors, and energy-efficient lighting in high bays (McComb 2013). 
The combined impact of the identified initiatives is a reduction in COGS of 0.05 per cent, 
resulting in an increase of business profitability (gross profit) by 0.03 per cent and a 
carbon emission reduction of 10 per cent.  
 
The recommendations by McComb (2013) to reduce the LPG gas consumption include 
increasing the fryer or oven combustion efficiency, installing a duct intake on a specific 
manufacturing line, preheating combustion air, insulating steam pipes and valves, 
reducing steam leaks, increasing the condensate return, and insulating the oil 
recirculation. The combined impact of this initiative reduced the COGS by 0.10 per cent, 
resulting in an increase in business profitability (gross profit) of 0.06 per cent per annum. 
The carbon emissions will reduce by 1.10 per cent per annum. 
 
 
Table 24: Make case study results per annum 

 
 
The results in Table 24 indicate that the impact on profitability of implementing the 
various sustainable manufacturing initiatives is not directly related to carbon emissions, 
and that the LPG saving will have a bigger impact on profitability but a lower impact on 
the sustainability of the business. 
 

4.2.5 Case study: Deliver 
 
The deliver case study includes modelling the current impact of market trends and 
GSCM ideas in a central distribution warehouse to understand the environmental and 
financial impact before considering the implementation of the initiatives. The CDC in 
Johannesburg is the largest of the case study company’s CDCs in South Africa, and is 
regarded as the main CDC. It is thus the focus of the deliver case study. The data-
gathering process includes searching for the latest market trends in greening 
warehouses and related activities, using case studies from companies in the FMCG 
industry as a base. Other data sources include the cost of running the warehouse for the 
previous year, the cost of implementing some of the ideas, and any other relevant cost 
data that is required. The current CDC only contributes a total of 3.3 per cent to the total 
plant electricity bill, whereas most of the electricity is consumed by the plant. The 
distribution centre needs to operate 24 hours a day, seven days a week, and needs high 
levels of visibility to avoid accidents. To reduce the carbon emissions, two initiatives 
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were identified and investigated: daylight harvesting, and replacing the current lighting 
with fluorescent lighting – T8 Fixtures (McComb 2013). 
 
Daylight harvesting initiative 
 
The daylight harvesting initiative includes investigating the use of motion and daylight 
sensors for the lights that are currently left on all day, so that they turn off when no 
daylight or motion is detected. The suggestion was also to install clear panels in the 
warehouse so that natural daylight could be used instead of all the lights (McComb 
2013). Figure 87 summarises the investment in and saving from this initiative. The 
payback period is eight months, and it is easy to implement. The 35 000 kWh saving is 
equal to a saving of 16 175 kgCO2e and a reduction of 6 per cent in the total kgCO2e. As 
before, the carbon emissions are calculated using the DEFRA (n.d.) carbon emissions 
conversions (Figure 84). The proposed saving of 35 000 kWh is multiplied by the factor 
of 0.46213 to yield 16 175 kgCO2e. 
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                      Figure 87: Deliver case study: Daylight savings initiative – carbon emission calculation 
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Fluorescent lighting initiative 
 
The initiative to install fluorescent lighting T8 fixtures involves replacing the current 
fluorescent lighting with retrofits that can reduce the energy consumption per light. It 
involves replacing the starter of the existing fitting while retaining the fitting (McComb 
2013). Figure 88 shows that the fluorescent lighting initiative requires an investment of 
R4 234 to yield a saving of R5 214. The payback period is eight months, and it is easy to 
implement. The 6 518 kWh saving is equal to a saving of 3 012 CO2e and a reduction of 
1 per cent in the total CO2e. As before, the carbon emissions are calculated using the 
DEFRA (n.d.) emissions factors (Figure 85).  
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                                   Figure 88: Summary of the fluorescent lighting T8 fixtures initiative 
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4.2.5.1 Green Business Profitability Framework: Deliver 
 
Daylight harvesting initiative 
 
The daylight harvesting initiative saving of R28000 will decrease the warehouse cost and 
increase the GP2 by 0.001 per cent. The initiative will have a total impact of 0.001 per 
cent on business profitability and a carbon emission reduction of 6 per cent. Figure 89 
gives the detail of the Green Business Profitability Framework calculation. 
 
Fluorescent lighting initiative 
 
Replacing the current lighting with fluorescent lighting decreases the warehouse cost by 
R5214 per annum, and this increases the GP by 0.0002 per cent. The initiative will 
increase total business profitability by 0.0002 per cent, and generate a carbon emissions 
reduction of 1 per cent. The calculation detail of the Green Business Profitability 
Framework is given in Figure 90. 
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                       Figure 89: Deliver case study: Daylight Harvesting Initiative – GP2 impact of 0.001 per cent 
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                    Figure 90: Deliver case study: Fluorescent lighting initiative - GP2 impact of 0.0002 per cent 
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4.2.5.2 Deliver case study summary 
 
Van Zyl (2010) states that the warehouse’s functions are incorporated in SCOR, but with 
limited focus on its processes and sub-processes. The best practices for warehouse 
functions are not included in the GreenSCOR model, but the Green Business Profitability 
Framework has the capacity to quantify the green initiatives mentioned in the warehouse 
and to use the DEFRA (n.d.) factors to calculate the carbon emission factors. 
 
Table 25 summarises the findings of the warehouse scenarios, and indicates that the 
impact on profitability is not directly related to carbon emissions. The daylight harvesting 
initiative has a bigger impact on carbon emission reduction, but produces a lower 
increase in business profitability than the fluorescent lighting initiative. 
 
 Table 25: Deliver Case Study – Results per annum 

 
   

4.2.6 Case study: Return 
 
The return case study focuses on reducing return loads and disposing of stale products 
at the different CDCs, instead of moving all the stale products back to the plant in 
Johannesburg. Figure 91 illustrates the geographical representation of the return load 
kilometres that could be reduced by changing the process of handling returned products. 
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Figure 91: Return load – current geographical representation 

 
The current kilometres travelled for return loads – from the Johannesburg plant 
(dispatching the truck) to the DCs and back with defective goods – are shown in Table 
26. The distance travelled in one year, based on one delivery per week, totals 1 732 403 
kilometres. 
 
Table 26: Current return load distance travelled (kms) 

 
 
The proposed solution is to return defective goods to the closest CDC. There are 
currently three CDCs: in Johannesburg, Cape Town, and Durban. Figure 92 illustrates 
the proposed solution of returning stale products to the closest CDC for destruction. 
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Figure 92: Suggested return load process – geographical representation 

 
The kilometres travelled to each CDC from the various DCs are shown in Table 27. 
 
Table 27: Deliver case study – scenario comparison 

 
 
The impact of the suggested change is a reduction of 44 per cent in the total return 
kilometres travelled from each DC. Table 28 gives the detail, with a total annual 
kilometre reduction of 755 044 km.  
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Table 28: Kilometres saved 

 
 
The reduction in kilometres travelled has a direct influence on the number of litres of fuel 
used per year. The return loads are seen as part of primary distribution, and the loads 
are outsourced to a logistics provider that charges a lane rate, made up of fuel, repairs, 
maintenance, and overheads. The reduction in kilometres will reduce the carbon 
emission generated. To access the total impact on business cost and profitability, the 
Green Business Profitability Framework is used to access the impact on the total supply 
chain, where the area impacted is the delivery costs before GP level 3. 
 
The DEFRA (n.d.) carbon emissions factors are used to convert the reduction in 
kilometres to carbon emission impact. The annual 755 044 km reduction converts to a 
reduction in carbon emission of 189 tonnes. Table 29 gives the detail of the carbon 
emission calculation.  
 
Table 29: Suggested return load geographical representation – carbon emissions and kilometre calculation 
detail 

 
 
4.2.6.1 Green Business Profitability Framework – Return 
 
Figure 93 illustrates the return case study, marked in red, using the SCOR model. The 
suggested best practice, avoid returns beyond economic repair, links to the process 
DR1.1 Authorize Defective Product Return (carbon emissions) and from there flows into 
DR1.2 Schedule Defective Return Receipt emission. This in turn links into the level 3 
process DR1 Deliver Return Defective Product (carbon emissions), which flows into the 
level 2 process return carbon emissions and ends in the level 1 process total supply 
chain carbon footprint. In the return case study, the applicable metric for quantifying the 
impact of GSCM with the SCOR model is carbon emissions. According to SCC (n.d.)., 
the five metrics of the GreenSCOR model are measured for each level 3 process, and 
then combined to give the values of the level 1 and 2 processes. The total supply chain 
carbon footprint is equal to the sum of emissions from energy and fuel consumption and 
process-related emissions (SCC n.d.).  
 
The reduction of 755 044 kilometres per annum improves business profitability by 0.04 
per cent at the GP3 level, owing to the reduced primary distribution cost (Figure 94). The 
original business profitability and the impact of the return case study are illustrated in 
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Figures 95 and 96. The results indicate that the return load reduction initiative could 
reduce the cost, and so increase business profitability, by R977 606 per annum. 
 

 
   Figure 93: Return case study – Applying the SCOR model and best practices 
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Figure 94: Return case study – GP3 impact of 0.04 per cent 
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Figure 95: Original profitability per business level 

 

 
Figure 96: Changed profitability per business level 

 
Applying the Green Business Profitability Framework quantifies the impact of the return 
initiative in both environmental and financial terms: a saving of R977 606 for 189 tonnes 
of carbon emission reduction. This enables green supply chain initiatives to be quantified 
in financial and environmental terms, and helps the company to motivate the 
implementation of the green initiative on the grounds of its financial benefits.  
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4.2.6.2 Return case study summary 
 

Changing the current returns handling process will save a total of 189 tonnes of carbon 
emission. This will have an impact on the total supply chain carbon footprint. In this case 
study, the GreenSCOR model has provided the best practice link to detail the processes, 
in order to understand the root cause of the emissions. Using the DEFRA (n.d) carbon 
emission conversions, the saving in kilometres are converted into carbon emissions. The 
Green Business Profitability Framework is then used to determine the business 
profitability impact of the case study. 
 
From the return case study, the proposed operational change will result in a 0.04 per 
cent increase in business profitability and a 44 per cent carbon emission reduction. The 
main driver for the carbon emission reduction is a reduction in the kilometres travelled 
back to the CDC; and in the proposed scenario, these kilometres will be eliminated. The 
results in Table 30 indicate that the impact on profitability is not directly related to carbon 
emissions: while carbon emissions will be reduced by 44 per cent, business profitability 
will increase by only 0.04 per cent. This shows that a greater reduction in carbon 
emissions has a minimal impact on business profitability. 
 
                    Table 30: Return case study results per annum 
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4.3 Framework implementation and integration 
 
The Green Business Profitability Framework will be integrated into the business and its 
monthly reporting processes in future. At present the framework is implemented on 
multiple Microsoft Excel spreadsheets; the aim is to automate the framework.  
 
This automation will be made possible by integrating the framework into the current 
enterprise resource planning (ERP) system, creating a central database with information 
that will update automatically, and to generate automatic monthly reports by using the 
latest business intelligence visualisation software, Qlikview. Qlikview can help to reduce 
the time for data collection, automate business reporting, combine data from different 
systems, and analyse multiple large sets of data. Qlikview is also available on a desktop 
computer, on a server, or in the Internet cloud (Qlikview n.d.). 
 
Qlikview has already been applied successfully in businesses in the healthcare, financial 
services, retail, manufacturing, energy and utilities, communications, public, and 
consumer product sectors (Qlikview n.d.). Once the integration is complete, the software 
is able automatically to generate graphs and tables similar to those presented in the 
case studies. 
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4.4 Additional case study conclusions 
 
Some additional conclusions from the case studies are summarised below. 
 

 Not all optimisation initiatives will result in a carbon reduction initiative 
 

 The Source case study concluded that the impact on profitability is not directly 
related to carbon emissions, and that optimising profitability and sustainability is 
a trade-off. 

 

 The results of using the Green Business Profitability Framework to model a 
short-term strategic plan indicated that the reduction in kilometres travelled 
achieved by optimising the secondary transportation network was directly related 
to the amount of carbon emissions, but not to an increase in business 
profitability.  In the case study, the net effect was a reduction in carbon emissions 
and an increase in business profitability; but it cannot be assumed that all of the 
DCs will show a carbon emission saving. 
 

 The Make case study results indicated that the impact on profitability, as a result 
of implementing the various sustainable manufacturing initiatives, was directly 
related to carbon emissions. In addition, the LPG saving had a bigger impact on 
profitability – but a lower impact on sustainability – than did the electricity saving. 
 

 The Deliver case study indicated that the impact on profitability was not directly 
related to carbon emissions. The daylight harvesting initiative had a bigger 
impact on the reduction of carbon emissions, but produced a lower increase in 
business profitability, than did the fluorescent lighting initiative.  
 

 The Return case study showed that a greater reduction in carbon emissions can 
have only minimal impact on business profitability, depending on the initiative 
considered. 
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Chapter 5: Conclusions and Recommendations 
 
Srivastava (2007) concluded that most of the research in Green Supply Chain 
Management (GSCM) and supply chain optimisation was conducted in different parts of 
the world, with limited interaction between researchers. In addition, most of the research 
is at a theoretical research level in papers and frameworks. Srivastava (2007) proposed 
a practical framework as the way forward for green supply chain research. This 
framework should be able to determine the optimal way for a company to select 
initiatives and products to maximise profitability, while keeping in mind the protection of 
brand integrity. Therefore, a combination of traditional and new techniques, and various 
frameworks, had to be achieved during the overall GSCM and design. 
 
This research supports the need to quantify the impact of implementing green supply 
chain initiatives in a company on the profitability and sustainability of that company’s 
supply chain. Existing methods, used to assess the business profitability and 
sustainability impacts of initiatives, do not focus on monitoring the complete supply 
chain, from operational activities to longer term strategic initiatives. And existing 
frameworks do not combine both components; they look at either profitability or 
sustainability, but not at both (Porter & Van der Linde 1999; Marchal et al. 2011; 
Schaefer & Kosansky 2008) 
 
The Green Business Profitability Framework was developed to assist decision-makers to 
evaluate the financial and environmental impact of sustainability initiatives in a business. 
Decision-makers are thus helped to make strategic decisions to improve the business’ 
environmental impact; and the business is helped to operate in a way to gain competitive 
advantage in its markets. The Green Business Profitability Framework considered and 
combined various aspects of the life cycle assessment (LCA) method, a value-added 
approach (VAA), supply chain operations reference model (SCOR) methodology, 
product costing, ‘cost to serve’, activity- based costing (ABC), business profitability, and 
the green supply chain operations reference model (GreenSCOR) methodology, and 
was used to quantify the financial and environmental effect of GSCM initiatives (Dawson 
consulting n.d.; Jooste & Van Niekerk 2009; Ernst & Young n.d.; Lessner 1991). 
 
The framework was developed using earlier research, the application of other 
frameworks, and case studies. The developed framework was applied to a series of 
cases studies in different parts of the case study company’s supply chain. Building the 
theory was the main part of the method, followed by testing it, and application research. 
Theory-building included the academic research; summarising it in an end-to-end supply 
chain matrix view; using the existing literature; highlighting which parts of the supply 
chain were addressed by existing frameworks; the specific industry focus of the case 
studies; and the applied research methodologies. The theory-testing and application 
research was done by applying the framework to multiple case studies at a single case 
study company. The baseline (actual) was compared with the different scenarios to 
understand the full impact of green supply chain initiatives. 
 
These case studies were used to determine the impact on the environment and on 
profitability by implementing initiatives aimed at reducing greenhouse gas (GHG) 
emissions. The SCOR model’s level 1 processes aided in the selection of the case 
studies, to ensure that different areas of the supply chain were addressed. Due to the 
sensitivity and confidentiality of the financial data, the framework was only applied to one 
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South African fast moving consumer goods (FMCG) company to determine whether the 
framework could be a suitable solution for quantifying GSCM in a business. Not all of the 
main role players in the FMCG industry in South Africa were analysed, therefore, and 
the study cannot be used to derive industry trends. However, it serves as a good starting 
point for similar studies in the future.  
 
The case studies addressed different applications of optimisation initiatives, from short- 
term to longer-term strategic objectives. In the Plan case study, the framework was 
applied to determine whether it is a suitable application to solve short-term network 
planning queries. The Source case study focused on long-term strategy development, 
while the Make case study incorporated recommendations from a third party consultant. 
The Deliver case study focused on modelling the impact of the current internal initiatives 
and market trends, while the Return case study determined the impact of operational 
changes in the case study company. 
 
The main objectives of the research study were to develop an analytical framework to 
quantify the impact of implementing environmentally-friendly initiatives on business 
profitability and sustainability, and then to apply the framework to an actual business. 
These objectives were achieved by developing the Green Business Profitability 
Framework and applying it to various case studies at a global, South African-based 
FMCG company. The case studies illustrated that the Green Business Profitability 
Framework can be applied successfully to inform short-term planning, inform long-term 
strategic planning, evaluate third party recommendations, evaluate current internal 
initiatives, and determine the impact of operational changes.  
 
The results of the case studies indicated that the Green Business Profitability 
Framework enabled the tracking of environmental initiatives back to logistics operations 
and profitability. The developed framework also helped to link the carbon emissions to 
source, and to translate green supply chain actions into goals. Cash and Wilkerson 
(2003:6) found that GreenSCOR, which is part of the Green Business Profitability 
Framework, aids in green management by linking best practices to the detailed 
processes and, if applied, can assist in reducing carbon emissions. GreenSCOR can 
only quantify carbon emissions, and so it needs to be used in conjunction with other 
frameworks and costing methods to determine the profitability impact.  
 
From the case studies it can be concluded that not all optimisation initiatives will result in 
carbon reductions. The Plan case study focused on the short-term strategic planning 
application, and concluded that the net effect was a reduction in carbon emissions and 
an increase in business profitability. The Source case study considered various sourcing 
options, concluding that the impact on profitability was not directly related to carbon 
emissions, and that optimising, in terms of profitability and sustainability, is a trade-off. In 
the Make case study, the conclusion was that the impact on profitability from 
implementing various sustainable manufacturing initiatives was directly related to carbon 
emissions. The Deliver case study indicated that the impact on profitability was not 
directly related to carbon emissions. The Return case study showed that a greater 
reduction in carbon emissions has only a minimal impact on business profitability. 
 
The scope of the study was limited to one South African FMCG company, to allow this 
company to be studied in some depth, and to determine whether the framework could be 
a suitable solution for quantifying GSCM in a business. Thus not all the main role players 
in the FMCG industry in South Africa were analysed; and the study should not be used 
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to derive industry trends. However, it serves as a good starting point for similar studies in 
the future.  
 
Ideas for future work that addresses some of the limitations of the framework might 
include implementing the Green Business Profitability Framework at other FMCG 
companies, and extending the study to other industries. At present, the framework is 
implemented on multiple Microsoft Excel spreadsheets, but the application of the 
framework could also be automated in future using Qlikview and other business 
intelligence software to make it easier and more user-friendly to update. This project will 
be undertaken in the case study company in the following year, after the conclusion of 
this study; due to the capital investment required for the programme, it could not be 
undertaken before the case study had been completed. 
 
As South African businesses move from basic to optimised supply chains under current 
economic pressure, they will need to look again at all possible ways to reduce costs. 
With carbon tax legislation looming, businesses need to be smarter about implementing 
sustainability initiatives that make financial sense. The Green Business Profitability 
Framework presented here is a possible tool to determine the profitability and 
sustainability impacts of green initiatives. The results could also enable businesses to 
investigate the trade-offs between profitability and sustainability, so that they can make 
more informed decisions. 
 
The researcher’s contribution to the scientific knowledge base is in the form of an 
analytical framework that can enable FMCG companies to evaluate and quantify the 
financial and sustainable impact of their green initiatives. The project can also serve as 
the basis for future research in other projects that evaluate the financial and sustainable 
impact of environmentally-friendly initiatives. To the author’s knowledge, this will be the 
first end-to-end Green Supply Chain case study in South Africa that analyses the impact 
on both profitability and sustainability. 
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7. Appendix A 
7.1. SCOR Plan definitions 

 
Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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Source: (Adapted from SCC n.d. and Van Zyl 2010) 
 
7.2. SCOR Source definitions 
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Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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7.2. SCOR Make definitions 

 
Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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7.3. SCOR Deliver definitions  

 
Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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Source: (Adapted from SCC n.d. and Van Zyl 2010 
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Source: (Adapted from SCC n.d. and Van Zyl 2010 
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7.4. SCOR Return definitions  

 
Source: (Adapted from SCC n.d. and Van Zyl 2010)
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8. Appendix B 
8.1 Best practices related to the source process using GreenSCOR 

 
Source: (Adapted from SCC n.d. and Van Zyl 2010 
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Source: (Adapted from SCC n.d. and Van Zyl 2010 
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8.2 Best practices related to the make process using GreenSCOR 

 
            Source: (Adapted from SCC n.d. and Van Zyl 2010 
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Source: (Adapted from SCC n.d. and Van Zyl 2010 
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8.3 Best practices related to the deliver process using GreenSCOR 
 

 
       Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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        Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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8.4 Best practices related to the return process using GreenSCOR 

 
          Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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Source: (Adapted from SCC n.d. and Van Zyl 2010) 
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9. Appendix C 
9.1 End- to-End Supply Chain Matrix – Previous Research 
9.1.1 List of articles included in the Matrix 
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9.1.2 Research Methodology, Supply Chain Area and Industry per article 
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10. Appendix D 
10.1 DEFRA’s carbon emissions detail – Fuel emissions 

 
Source: Adapted from DEFRA (n.d.) 
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Source: Adapted from DEFRA (n.d.) 
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10.2 DEFRA’s carbon emissions detail – Water usage 
 

 
Source: Adapted from DEFRA (n.d.) 
 

 
10.3 DEFRA’s carbon emissions detail – Electricity usage 
 

 
Source: Adapted from DEFRA (n.d.) 
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10.4 DEFRA’s carbon emissions detail – Distribution 

 
Source: Adapted from DEFRA (n.d.) 
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10.5 DEFRA’s carbon emissions detail – Conversion Factors 
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                                 Source: Adapted from DEFRA (n.d.) 

11. Appendix E 
11.1 Costing Models – Baseline Result Sheet Extract from Green Business Profitability Framework 
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11.2 Green Business Profitability Framework - Per level detail 
 
11.2.1.Sub-Business Level View – L2 
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11.2.2. Sales Region Business Level View – L3 
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11.2.3. DTS Category Level View – L4 
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11.2.4. Major Group Level View – L5 
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11.2.5. CDC & DC Level View – L6 
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11.2.6. Item Brand Level View – L7 
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11.2.7. Extra Item Brand Level View – L8 
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11.2.8. Route Level View – L9 
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12. Appendix F  
 
12.1 Case Study Green Business Profitability Framework: Plan 
12.1.1 Current DC detail 
 

 
Current DC 2 detail 

 

 
Current DC 3 detail 
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Current DC 4 detail 
 

12.1.2 Optimised and Impact DC detail 
 

 
DC 2 Optimisation Detail 

 

 
DC 2 Impact Detail 
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DC 3 Optimisation Detail 

 

 
DC 3 Impact Detail 

 

 
DC 4 Optimisation Detail 
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DC 4 Impact Detail 
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12.1.3 Carbon Emissions Impact: 
 

 
                                                              Plan Case Study – Carbon Emission Reduction per DC 
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13. Appendix G 
 
13.1.1 Case Study Green Business Profitability Framework: Make 
 

As-Is Cost

*Largest to Smallest GP6

Business 

Level 

Gross 

Revenue

Discount & 

Allowances
Net Revenue

Cost of Goods 

Sold (COGS)
GP1 GP1%

Business 

Level 1 2 611 049 880 423 171 358 2 187 878 522   1 376 590 420   811 288 102  37.08%

Business 

Level 2 351 953 029    105 644 221 246 308 808      162 312 233       83 996 575    34.10%

2 963 002 909 528 815 580 2 434 187 330   1 538 902 653   895 284 677  36.78%

*Largest to Smallest GP6

Business 

Level 

Gross 

Revenue

Discount & 

Allowances
Net Revenue

Cost of Goods 

Sold (COGS)
GP1 GP1%

Business 

Level 1 2 611 049 880 423 171 358 2 187 878 522   1 376 150 881   811 727 641  37.10%

Business 

Level 2 351 953 029    105 644 221 246 308 808      161 249 012       85 059 796    34.53%

2 963 002 909 528 815 580 2 434 187 330   1 537 399 893   896 787 437  36.84%

0.06%

Make Scenario Modelling

With COGS sold reduction

Difference in GP1

 
Make Case Study per Business Level– GP1 impact of 0.06 percent 
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Make Case Study per Business Level – GP6 impact of 0.06 percent 
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As-Is Cost

Business Level 
Gross 

Revenue

Discount & 

Allowances
Net Revenue

Cost of Goods 

Sold (COGS)
GP1 GP1%

Sales Region 1 840 166 935    130 167 264 709 999 671    371 918 791       338 080 880   47.6%

Sales Region 2 324 431 799    51 738 407   272 693 391    149 159 108       123 534 284   45.3%

Sales Region 3 232 681 704    31 934 442   200 747 263    105 488 859       95 258 404     47.5%

Sales Region 4 63 565 669       10 987 537   52 578 132       30 194 478         22 383 654     42.6%

Sales Region 5 228 825 296    81 605 377   147 219 918    93 133 627         54 086 291     36.7%

Sales Region 6 53 574 478       5 377 984     48 196 494       35 323 259         12 873 235     26.7%

Sales Region 7 454 226 947    79 121 754   375 105 193    267 540 460       107 564 732   28.7%

Sales Region 8 613 799 520    102 855 328 510 944 192    382 076 190       128 868 002   25.2%

Sales Region 9 151 730 561    35 027 485   116 703 076    104 067 881       12 635 195     10.8%

2 963 002 909 528 815 580 2 434 187 330 1 538 902 653   895 284 677   36.8%

Business Level 
Gross 

Revenue

Discount & 

Allowances
Net Revenue

Cost of Goods 

Sold (COGS)
GP1 GP1%

Sales Region 1 840 166 935    130 167 264 709 999 671    371 399 897       338 599 774   47.7%

Sales Region 2 324 431 799    51 738 407   272 693 391    148 864 929       123 828 463   45.4%

Sales Region 3 232 681 704    31 934 442   200 747 263    105 362 695       95 384 567     47.5%

Sales Region 4 63 565 669       10 987 537   52 578 132       30 193 568         22 384 563     42.6%

Sales Region 5 228 825 296    81 605 377   147 219 918    93 009 132         54 210 786     36.8%

Sales Region 6 53 574 478       5 377 984     48 196 494       35 323 259         12 873 235     26.7%

Sales Region 7 454 226 947    79 121 754   375 105 193    267 333 731       107 771 461   28.7%

Sales Region 8 613 799 520    102 855 328 510 944 192    381 762 339       129 181 853   25.3%

Sales Region 9 151 730 561    35 027 485   116 703 076    104 150 342       12 552 734     10.8%

2 963 002 909 528 815 580 2 434 187 330 1 537 399 893   896 787 437   36.8%

0.06%

Make Scenario Modelling

With COGS sold reduction

Difference in GP1  
                                                        Make Case Study per Sales Region Level– GP1 impact of 0.06 percent 
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Make Case Study per Sales Region Level– GP6 impact of 0.06 percent 
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14. Appendix H 
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15. Appendix I 
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