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EXECUTIVE SUMMARY 

Plastic product can be made more suitable by reducing carbon dioxide emission. 
Solid waste generation & pollution during production of plastic products. Life 
Cycle Assessment) is used to compare the carbon emission and waste generation 
while producing plastic products. The environmental impact of plastic bags 
manufacturing is compared to the impact of paper bag manufacturing.    
Plastic bag manufacturing emits less carbon dioxide, consumes less energy, 
produce much less waste, and require significant less water than paper bag 
manufacturing. 
Plastic manufacturing operation can meet Californias 50% diversion rate 
requirement by utilizing post industrial and post consumer plastics. Plastics 
manufacturing plants can certify their carbon reduction and waste diversion 
performance through a nonprofit organization that performs energy and waste 
audit at the manufacturing operation. Increased recycling can provide carbon 
credits for manufacturing companies. 
 
Global consumption of polyethylene terephthalate (PET) packaging is forecasted 
to reach 19.1 million tonnes by 2017, with a 5.2% increase per annum between 
2012 and 2017.  
This rapid increase in PET bottle consumption has also led to the emergence of 
various issues. These include environmental pollution, health concerns for 
scavengers, and low utilization efficiency for reclaimed PET bottles.  
Even though PET bottles are graded in number one category of recyclable 
products but are not risk free.  
Long periods of use or exposure to sunlight can cause PET bottles to leach toxic 
carcinogens. In light of growing concerns over environmental protection, resource 
conservation, and the development of recovery technology, recycling has become 
a key factor in the supply chain of PET bottles 
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GLOSSARY 

 
CO2-eq                                                                  Carbon dioxide equivalents 
 
ELV                                                                       End-of-life vehicles 
 
EPS                                                                        Expanded polystyrene foam 
 
EU                                                                          European Union 
 
GHG                                                                      Greenhouse gases 
 
GWP                                                                      Global Warming Potential 
 
HDPE                                                                    High-density polyethylene 
 
HIPS                                                                      High-impact polystyrene 
 
LCA                                                                       Life cycle assessment  
 
LDPE                                                                      Low-density polyethylene 
 
LLDPE                                                                   Linear low-density polyethylene 
 
PA                                                                           Polyamide 
 
PE                                                                           Polyethylene 
 
PET                                                                         Polyethylene terephthalate 
 
GSC                                                                        Green Supply Chain 
 
PLA                                                                         Polylactic acid 
 
PMMA                                                                    Poly (methyl methacrylate) 
 
PS                                                                            Polystyrene 
 
PUR                                                                         Polyurethane 
 
PVC                                                                        Polyvinyl chloride 
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CHAPTER – 1 

INTRODUCTION 
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1.1 Issue under study 

Carbon footprint' has become a widely used term and concept in the public debatd 

the responsibility and reducing the threat of global climate change action. It was  

huge increase in public appearance in the past months and years and is now a 

buzzword widely used in the media, the government  and the business world. 

Context 

A carbon footprint is a measure of theimpact of our activities on the 

environment andin particular climate change. It relates to the quantity of GHGS p

roduced in our daythe day of lives through the combustion offossil fuels for 

electricity, heating andtransport, etc. The carbon footprint is a measure of all GH

GS we produce individuallyand has units of tones (or kg) of carbon dioxide equiv

alent.

 

Source: www.carboncontrol.us.com  
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1.4 Scope of research 

This study covers various processes and practices for Carbon Footprint and 

evaluation being currently used and attempts to identify the most suitable ones for 

PET bottle supply chain. Manufacturing firms can make their Supplier 

Relationship management more robust by utilizing the right technique. As 

companies commit to reduce the carbon footprints of the products and services 

they provide, they look to their suppliers to align their efforts with the company’s 

sustainability goals. All companies interviewed believe that they can reduce GHG 

emissions far more by engaging their supply chain.  
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CHAPTER – 2 

LITERATURE REVIEW 
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Scope 1 sources are direct emissions from the facility, such as: 

Kyoto Gases  GWP Example Sources  

Carbon dioxide (CO2) 1 Burning fossil fuel  

Methane (CH4) 23 Cattle, landfill sites, mines, 
burning fossil fuel   

Nitrous oxide (N20) 296 Emission of fertilized soil  

Sulpher  Hexafluoride (SF6)  22,200 Electrical & Electronic 
Industries 

Perfluro Carbon (PF6) 4,800-9,200 Electronic Industries 

Hydrofluro Carbon (HFC) 12-12,000 Air conditioning & 
Refrigeration system  
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_ Emergency generators 
_ Gas boilers/water heaters 
_ Company-owned or leased vehicles 
_ Propane forklifts/clamp trucks 
_ Refrigerants (HFCs) 
 
Scope 2 is the electricity purchased for your facility. Both 
Scope 1 and Scope 2 must be included in your calculations 
per the GHG Protocol. 
 
Scope 3 covers the indirect emissions from your operations, 
such as: 
_ Product materials produced by your suppliers (newsprint/paper, ink, etc.) 
_ Contractor delivery vehicles 
_ Employee commuting to/from work 
_ Business air travel 
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Coca-Cola PET Bottle Technology.,(2009) Coca-Cola introduced PlantBottle 
packaging the first-ever fully recyclable PET plastic bottle made partially from plants  in 
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2009 and has since distributed more than 15 billion of the breakthrough bottles in 25 
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A successful green manufacturing technology masters the following key factors: 
 
The amount of energy and resource utilization, Green degree of energy Amount 
of hazardous waste & Number of reuses of Hazardous waste 
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Carbon Footprint (CFP) Calculation:  

 
ISO- 14064 common method for the calculation of carbon footprint of 
Home, Small scale firm or Organization  
 
Calculation Methodology:- 

 
1. Electricity = Input Value (in KWh/yr) X 0.85 (Emission Factor) 
2. Petrol = Input Value (in liters/yr) X 2.65 (Emission Factor) 
3. Diesel = Input Value (in liters/yr) X 2.65 (Emission Factor) 
4. LPG = Input Value (in Kg/yr) X 2.98 (Emission Factor) 

 
Add (1+2+3+4) = Output value in (Kg of CO2) 

 
Note: The Emission Factors (EF) are generalized by Govt. of India. The central 
electricity authority & GHG protocol. 
 

 
             Energy Source Annual Total Factor  Kg of CO2 released 

      
              Electricity   kWhr 0.85 

              Gas (Heating)   kWhr 0.20 

              Oil (Kerosene)   liters 2.52 

              Oil (Gasoil)   liters 2.67 

              Gas (Prop/but)   liters 1.50 

              Coal   kilogram’s 2.46 

              Peat   kilogram’s 1.36 

              Wood   kilogram’s 1.04 

 
              Bus   kilometers 0.08 

              Train   kilometers 0.04 

              Air   kilometers 0.05 
              Air (No. of oneway flights per)    number  5.60 
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              TOTAL CO2 released per year:  0.0 (tonnes/product)   
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CHAPTER – 3 

Research Methodology 
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4. Articles: Various Articles on the subject has been referred are: 

 “Carbon Footprint in supply chain” by Carbon Trust, UK (2009). 

  “Impact of Carbon Footprint on SCM of Light Goods” by Jacquelin W. 

Wang and D.V. Shalonil. 

  “Green manufacturing of plastic”: the art of planning for success” by 

Hiroyuki Sato, Japan (2012). 

 “Emission of GHG & Management of SC” by Saif Benjaafar. 
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CHAPTER – 4 

Carbon Footprint and Reduction Technique 
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Chapter 5 

PET Bottle Manufacturing   
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A polymer contains hundreds of thousands of monomers. Polymerization, which 
means the linking of monomers to form polymers results from two kinds of 
chemical reaction called condensation and addition. Polymers fall into two 
distinct groups, thermosetting plastics and thermoplastics. 

 
Thermosetting polymers are converted into their final form by heat and once set 
cannot be softened by further heating. Thermoplastics however are softened and 
become fused or 'plastic' by moderate heating and then harden again on cooling. 
This process can be repeated many times without radically altering the 
thermoplastic properties. If the chains run parallel to each other the structure is 
said to be crystalline (made of crystals).  
 
This contrasts with the disorder of tangled chains in an amorphous (shapeless) 
structure. Many polymers have both crystalline and amorphous regions, and the 
proportion of crystalline and amorphous regions in a polymer depends on its 
chemical composition, molecular arrangement and how it has been processed. 
Crystallization is one of the two principles that have been used to produce strong, 
stiff polymers (e.g. polythene and nylon), the other is the formation of strong 
bonds between the chains which is a process known as cross linking. 

 
 

“Emission of Carbon in PET Bottle Manufacturing” 

In one year alone, from 1995 – 96, plastic packaging increased by 1,000,000,000 
lbs.  And despite recycling efforts, for every 1 ton increase in plastic recycling, 
there was a 14 ton increase in new plastic production. I tried to explain some of 
the roadblocks to plastic recycling efforts.   We have all heard that recycling is 
good for the environment, and it’s hard to argue with the intuitively correct 
reasoning that if we recycle we reduce our dependence on foreign oil, we 
conserve energy and emissions and we keep bottles out of the landfills.And what 
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about the lighter weight of plastic bottles?  Surely there are benefits in shipping 

 

These rather alarming CO2 numbers could be much lower, we understand, if only 
Americans recycled more than the paltry 7% of plastic which is recycled today.  
We could cut our usage of virgin material by one third and that means an annual 
savings of 30 to 150 million tons of CO2. For the plastic manufacturing firm India 
has set a standard of carbon emission i.e 1.06 kgCo2/Product 

Country No. of 
Facility 

Kg 
Co2/bottle 

Total 
Capacity 

Total Co2 Emission in tones 

Per year  Per month Per day 

USA    29 3.4 51,59,000 1,75,40,600 14,00,000(Apx)   3,835 

China   60 3.14 1,96,60,000 6,68,44,000 55,70,000   15,260 

Russia    42 2.02 85,00,000 17,17,000 14,30,800   3,920 

Japan   18 3.01 50,00,000 1,50,50,000 12,54,166   3,436 

India  15 3.10 (Apx) 1,20,00,000 3,72,00,000 31,00,000 8,490 (Apx) 
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Countries contributing in carbon emission (source: www.carbonstatics.com) 

In United States of America in the year 2004 the bottled water usage was marked 

as 26,000,000,000 (liters), which is nearly 28,000,000,000 plastic bottles in a year 

of which 86% that end up as garbage. The manufacture of every ton of PET 

produces around 3 tons of carbon dioxide (CO2). Bottling water thus created 

more than 2.5 million tons of CO2 in 2006. 
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 PET Bottle getting Lighter & Lighter  

 

 

 Source: Association of plastic manufactures 
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The facts about how Nestlé Waters North America uses its energy  

We found that many of our bottled water operations are already pretty efficient. 
Here’s the breakdown. Our GHG study indicated that the majority of our carbon 
emissions come from packaging materials. That’s just one reason we’re 
continuing to take steps to reduce the amount of plastic we use. Nestlé Waters 
North America Carbon Emissions Breakdown, 2010 
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included in this analysis as data were incomplete for pallets used in transporting 

glass bottles.  
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CHAPTER 6 

PET BOTTLE SUPPLY CHAIN 
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 Studies have found that for every pound of reclaimed PET flake used, energy use 
is reduced by 84%, while greenhouse gas emissions are reduced by 71%. Will 
companies retain ownership of products they sell to Harvest and re-use the 
materials they contain? Many business enterprises in the 21st century are 
searching for a preferred policy approach to promote cost effective diversion and 
recovery of postconsumer solid waste.  
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 
relationships with suppliers that walk the walk alongside them by taking steps to 

be proactive environmental stewards. Companies also seek to insulate their 

supply chains from sudden spikes in energy and fuel prices, which may in turn 

affect the prices and availability of goods and services they procure from 

suppliers. With this aim in mind, leading companies are beginning to work with 

suppliers to ensure that they become product efficient.  

 
 While there is clearly value in such efforts, they tend to overlook a potentially 

significant source of emissions, one that is driven by business practices and 

operational policies. For example, determining how frequently supply deliveries 

are made could be as important in mitigating carbon emissions as the energy 

efficiency of the vehicles used to make these deliveries. In fact, one could argue 

that many of the popular business practices, such as just-in-time manufacturing 
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and lean production, which favor frequent deliveries with less than truckload 

shipments, small production runs, and multiple regional warehouses, could have 

as much of an impact on the carbon footprint of a firm as the energy efficiency 

of individual units deployed in production or distribution. Similarly, decisions 

that a firm makes regarding where to locate facilities, from which suppliers to 

source, and what mode of transportation to use can significantly affect its 

carbon footprint.  

Moreover, a focus on emissions associated with physical processes could overlook 

important factors that emerge from the interaction among the multiple firms that 

constitute each supply chain.  

Multiple actors taking actions based on their own self-interests, and without 

coordination with others, are not likely to make decisions that minimize emissions for 

the entire supply chain. For example, if one firm requires shipments from its suppliers 

under short notice, then suppliers have little choice but to keep large inventories. For 

certain products, such as those requiring refrigeration, the associated carbon footprint 

can be significant.  

The need to respond quickly to suppliers may also require staging inventories in multiple 

locations that are close to the customers, further increasing the carbon footprint. The 

lack of coordination among multiple firms within the supply chain can also increase the 

overall carbon footprint.  

For example, coordinating production schedules among suppliers to the same 

customers could allow joint shipments, resulting in fewer emissions per delivery. 

However, acting on their own, the suppliers may have little incentive to pursue such 

coordination. Clearly, efforts to reduce the carbon in a supply chain cannot afford to 

ignore the need to coordinate these efforts across the entire supply chain. 

1) Although a lot has been written about the carbon footprint of supply chains in the 

popular press and in trade magazines, and although numerous websites, nonprofit 

organizations, trade groups, and government bodies have been dedicated to the issue, 
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the research community in operations and supply chain management has only recently 

began to pay attention to this area. 
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CHAPTER 7 

CONSEPT OF GREEN SUPPLY CHAIN 

 

 

 

 

 

 

 

 

 

 

 



44 
 

 

 

 

In light of growing concerns over environmental protection, resource 

conservation, and the development of recovery technology, recycling has become 

a key factor in the supply chain of PET bottles.  
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green supply chain literature with the beginning of corporate environmental 

management, environmentally conscious manufacturing strategy, and supply 

chain management literature. It has become clear that the best practices call for 

integration of environmental management with ongoing operations. Green supply-

chain management (GSCM) is gaining increasing interest among researchers and 

practitioners of operations and supply chain management. The past literature also 

shows that most researchers have studied the GSCM adoption and implementation 

on developed countries such as Japan, Germany, Portuguese, UK and Taiwan and 

so on. Still limited studies have examined the GSCM practices in developing 

countries. 

 

“Green Supply chain is define as the process of using environmentally 

friendly inputs & transforming these inputs in outputs that can be reclaimed 

& reused at the end of their life cycle, creating a sustainable supply chain”. 

Integrating environmental into supply chain management includes: 

I. Product design  

II. Material sourcing & Selection  

III. Manufacturing process 

IV. Delivery of final product to the consumer  
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V. End of life management after use of product  

 

 

 

Disposal process 

 

 

 

 Impact of Green Supply Chain: 

 Company can reduce its environmental footprint  

 Cost saving – Reducing waste, saving energy, product take back 

 Risk management – Industrial accident, consumer boycott, environmental 

law 

 Redefining market – Product into service, product innovation   
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CHAPTER 8 

CONCLUSSION  

 

 

 

 

 

 

 

 

 

 



49 
 

The key message based on this research is: 

Use industry standard frameworks like SCOR to identify potential areas for green 

initiatives in the manufacturing & supply chain plastic bottles. With Green 

manufacturing & Supply chain incorporated, the chances of success in any green 

initiatives increases.  

 Align green initiatives with the strategic objectives of the company.  

 Adopt GSCM best practices when implementing green initiatives.  

 Use technology solutions to facilitate GSCM initiatives with a special 

focus on the need and importance of end-to-end supply chain analysis and 

network design.  

 Focus efforts to reduce packaging and in-transit damage when shipping.  
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 Pay special attention to reducing inventory and identifying optimal 

distribution solutions. Perform lifecycle analysis for plastic bottles to 

minimize environmental impact. 

 

Limitation of Research: 

 The research is basically a descriptive research and done on the basis of 

secondary data mainly which limits research to not go beyond a certain 

level as less availability of data, which is basically Deep Web and not 

accessible. 

 Comparatively less experience of researcher is also a limitation for the 

research. 

 


