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“The most important thing about global warming 
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bulk of climate change is going to be left to the 

Scientists, but it’s all of our responsibility to leave 

this planet in better shape for the future 

generations than we found it” 
 

 

- Mike Huckabee 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



For Examination purpose only 

Institute of Chemical Technology, Mumbai 

 
 

 

Preface 

 
 

I am pleased to handover this technical report on LCA of PET bottles on behalf my 

team members. 

This report primarily deals with the life cycle of PET starting from manufacture of 

PET converting into bottles of different volumes and recycle of these bottles to 

convert into PET fibre. The data at various stages are evaluated based on Indian 

scenario. This mainly considers the source of raw materials, source of electricity and 

its use at various stages and transportation required for raw material, finished products 

and recycle.  

The aim of this study is to assist the decision makers within an organization and the 

concerned policy makers and executers. It also contributes to the general awareness of 

the public regarding the packaging industry and its contribution to the environmental 

impact. 
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EXECUTIVE SUMMARY 1 
 2 

The Life Cycle Assessment of PET bottles has been done from the Indian perspective 3 

to evaluate the environmental impact and footprint of the PET bottles used for 4 

packaging. The study is based on the real time data obtained from the member 5 

companies of PACE as Lifecycle Inventory. LCA methodology was as per ISO 14040 6 

guidelines using GaBi 3.0 along with commercial data set package for Indian 7 

contexts. For holistic understanding of the results, the impact assessment is done 8 

using midpoint assessment method CML 2001 and endpoint assessment method 9 

ReCiPe 1.08. CML 2001 deals with the environmental burdens and resources used 10 

during the complete lifecycle of the PET Bottle while ReCiPe 1.08 deals with human 11 

health, resources and ecosystem quality. 12 

The life cycle of PET comprises of upstream and downstream lifecycle. Upstream 13 

lifecycle considers the manufacture of PET from raw materials to the blow molding of 14 

PET bottles for different applications. This is Gate-to-Gate stage of lifecycle often a 15 

major contributor to the impact footprints. The downstream lifecycle is a Gate-to-16 

Grave stage, post consumption of PET bottles which includes waste collection, 17 

recycle and disposal. Since the PET flakes after recycle are not used in making Bottle 18 

grade PET resin but are completely utilized in manufacturing the PET fiber, the 19 

system is considered to be an open loop recycling system.  20 

The PET resin production (C – G2) stages is comparable with the PET Bottle preform 21 

production (G2 – G3) and bottle blowing stage and comprise 51% and 48.4% of the 22 

impact on global warming potential (GWP) respectively. The contribution in the 23 

impact values is different in the 2 stages where 45.8% as due to raw materials used for 24 

Cradle to G1 and 3.2% due to energy usage in the G2 - G3 stage. As the 25 

transportation during the various stages such as resin to bottling, bottling to consumer 26 

& collection during recycle is accounted for their translation in impact values can be 27 

mapped in the results as around 0.3 % across the GWP. The rPET stage generates the 28 

least impact of around 5 % throughout the lifecycle thus boosting the morale of the 29 

initiative. The various functional units of PET bottle are based on the typical volume 30 

of liquid commodity to be packaged. Based on the volume, the weight of the bottle 31 

was measured. The environmental impacts were calculated for the different functional 32 

units on weight basis. Comparison of 180 mL PET bottle and glass bottle (Appendix 33 

E) clearly reveals that PET creates less burden as compared to glass. 34 
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SECTION 1: SCOPE & METHODOLOGY 35 

1.1 Scope of the Report 36 

 37 

The goal of the study was to conduct a comprehensive Lifecycle Assessment for the 38 

PET Bottles with quantified data pertaining to each stage and complying with the 39 

relevant ISO guidelines. Data considered as the Lifecycle Inventory during various 40 

stages are obtained from member companies of the PET Association for Clean 41 

Environment (PACE, New Delhi). The data analysis and interpretation is done by the 42 

Assessor Team. The LCA assumptions were decided after referring to various 43 

materials available online and through continuous discussions with various decision 44 

makers involved at different stages during this project. As the end of life of the PET 45 

Bottle is also considered in the study the informal data pertaining to recycling of PET 46 

Bottle was collected with the help of various kabadiwalahs, aggregators and 47 

wholesalers. The time duration for data collection was 9 months during which the 48 

assessors checked for various inconsistencies and gaps in the information. The same 49 

were identified and corrected as a continuous process seeking appropriate data during 50 

each stage of the lifecycle as the focus of the study was to use real time data instead 51 

of simulated or already present in the literature. Numerous facilities were visited and 52 

a total of over 60% of PET Resin production was covered for the sake of data 53 

collection.  54 

 55 

1.1.1. Goal of the Study  56 

The principal goal of the study is to evaluate the environmental impact and footprint 57 

of the PET Bottles used for packaging. It is possible that PACE, Delhi will also use 58 

the results of this study as a defence against any broad untrue statements made by 59 

unauthorised people, organisations and environmental groups affiliated or having an 60 

alternate agenda.  61 

 62 

  63 

 64 

 65 
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1.2 Need of LCA 66 

 67 

Water, food, drinks and medicines are predominantly packaged, stored and 68 

transported for human consumption. Primary purpose is to deliver an unaffected, 69 

undamaged product to the end consumers (1-3). Through years of innovative 70 

development in the packaging field and trial and error we have zeroed down on a few 71 

options that will not hinder with the condition of the items being packaged. Mostly 72 

inert materials such as PET, Aluminum, Glass and Paper (Tetra packs and Cartons) 73 

are a few such options that are used all over the globe. These materials are used as per 74 

requirements of the material to be packaged and primarily depend on the economic 75 

parameter in question (2, 4). Different researchers, agencies and consultants have 76 

calculated the environmental impact of these packaging options by using various 77 

methodologies and empirical formulas (5, 6). Lifecycle assessment is a tool used for 78 

assessing the environmental impact by various products and processes. Assessing the 79 

impact and knowing the value of environmental burdens being produced by 80 

packaging is the question of the hour. Such an insight will help in deciding and 81 

planning various sustainability initiatives and identifying various stages of this 82 

astronomical industry (7). The quantum of PET being produced to cater to the need of 83 

packaging of medicines, water, soft drinks, cosmetics and other food material is 84 

growing daily compared to any other packaging option and hence a study of this 85 

nature will help in providing various sustainability and optimizing solutions by 86 

identifying various hot spots in the lifecycle (8-10). Climate change and 87 

environmental hazards are the most important questions posed in front of mankind. 88 

As a result of exponential growth of human population the total consumption of 89 

primary requirements have raised in the past decade.  90 

Bottled water will be the most packed product entity by 2019 according to CAGR 91 

forecast and will surpass cigarettes, drinking milk products and baked products (11). 92 

As PET has proved itself of being the most versatile packaging material its total 93 

production in 2015-16 was ~1,450 KT of PET in India as compared to ~980 KT in 94 

2014-15 (against a capacity of 1326 KT) (www.petrecycling.com). There are four 95 

major manufacturers of PET in India: Reliance Industries Limited, Dhunseri 96 

Petrochem and Tea Limited, JBF Industries Limited, Micro Poly Pet Private Limited 97 

(now Indorama) and the total installed capacity of production installed is 1976 KT. 98 

http://www.petrecycling.com/
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This has raised from a 1326 KT in 2014-15. India is a big exporter of PET with about 99 

650 KT of PET exported in 2015-16. The major markets for PET exports from India 100 

have been: Bangladesh, USA, Italy, Israel, Romania, Ukraine, UAE etc. (12-16). The 101 

export volumes have grown in the recent years, closely tracking the overall 102 

production levels in India. Maximum use of a PET bottle is for packaging of water 103 

followed by carbonated soft drinks, tea, juice; energy drinks, cosmetics, food and 104 

other home care products. The total consumption of PET bottles was 488 billion units 105 

in 2016 and an estimated 87.5 billion units of growth is forecasted for bottled water 106 

till 2019 mainly in the Asia Pacific region. 107 

 108 

Table 1.1: Worldwide study of LCA of PET and packaging material 109 

Sr. 

No. 

Title Of The Study Agencies GWP in kg 

CO2 eq. 

1 Life Cycle Assessment of 

Polyethylene Terephthalate (PET) 

Beverage Bottles Consumed in the 

State of California 

California Department of Resources 

Recycling and Recovery 
5.79 kg 

2 Life cycle energy and GHG emissions 

of PET recycling: change-oriented 

effects 

Department of Science, Technology 

and Society, Utrecht University, 

Utrecht, The Netherlands 

2.05 kg 

3 PET bottle reverse logistics—

environmental performance 

of California’s CRV program 

Environmental Science and 

Management, University of 

California, 

Santa Barbara, California, USA 

2.55 kg 

4 Comparative life cycle assessment of 

fossil and bio-based polyethylene 

terephthalate (PET) bottles 

North Star Initiative for Sustainable 

Enterprise, Institute on the 

Environment, 325 Learning and 

Environmental Sciences, 1954 

Buford Ave, Saint Paul, MN, USA 

4.92 kg 

5 Life Cycle Assessment (LCA) of PET 

bottles and comparative LCA of three 

disposal options in Mauritius 

University of Mauritius, Republic of 

Mauritius 
2420 kg/ 

6000 PET 

Bottles 
6 Life Cycle Assessment of 

Polylactic Acid and Polyethylene 

Terephthalate Bottles for 

Drinking Water 

Department of Chemical 

Engineering Materials and 

Environment, University of Rome 

‘‘La Sapienza,’’ Italy 

17,202 kg/ 

1000 Bottles 

7 Life Cycle Assessment of Drinking 

water  systems: Bottle water, tap 

water and home/office delivery water   

Franklin Associates, 2009 1.196 kg 

8 Life cycle assessment and its 

application to process selection, 

design and optimization 

Department of Chemical and Process 

Engineering, University of Surrey, 

Guildford, Surrey GU2 5XH, UK 

82,000 t/ 

year 
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9 Life Cycle Assessment of Industrial 

Packaging for Chemicals 

Environmentally Sustainable Process 

Technology, Chalmers University of 

Technology, Sweden 

88997 per 

packaging 

and 

distribution 

of 1000 

liters 

chemicals 
10 Environmental impacts of milk 

packaging made from 

polythene using life cycle assessment 

Research Institute of Solid Waste 
Management, Chinese Research 
Academy of Environmental 
Sciences and Civil and 
Environment Engineering School, 
University of Science and 
Technology Beijing, China 

53.5/kg 

5000 milk 

packets of 

200 mL 

 110 

1.3 Target Audience 111 

 112 
A lot of insight regarding the process and product is gathered from such a study which 113 

helps in future optimization of various applications in colossal industry. The world 114 

trend now is to reduce various footprints (carbon, water, energy etc.) related to 115 

consumption, such analysis are carried out worldwide as they provide current and 116 

critical information related to the product and process (4, 13, 17). The aim of this 117 

study is to assist the decision makers within an organization and the concerned policy 118 

makers and executers. It also contributes to the general awareness of the public 119 

regarding the packaging industry and its contribution to the environmental impact. 120 

Majority of the LCA studies are conducted to find the environmental impact 121 

associated with a certain quantity of PET production associated with specific 122 

packaging application for e.g.: soft drinks, alcoholic drinks, cosmetics, 123 

pharmaceutical medicines etc. to assess the environmental impact associated with 124 

different stages of the PET bottle lifecycle such as Production, Transportation and 125 

Recycling (4-6, 11-15, and 18-23). It is conducted for informed decision making 126 

regarding a specific application or pertaining to a particular stage of the lifecycle. 127 

Such study helps in chalking out policies and protocols to be followed to reduce or 128 

curb environmental burdens being produced due to myopic planning. This study was 129 

conducted to promote sustainable decision-making regarding the disposal of waste 130 

generated by PET post consumption. 131 

 132 
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1.4 LCA Methodology: 133 

 134 

The LCA methodology has well been defined by international nodal agencies. The 135 

ISO 14040 series defines the various aspects of assessment protocol to be followed 136 

along with various inclusions and assumptions to generate and conduct a standardized 137 

study. The ISO 14040: (2006) lays the foundation of the study by proposing the 138 

principles and framework whereas ISO 14044: (2006) deals with the requirements and 139 

guidelines to be followed for it. 140 

GaBi 3.0 along with the commercial dataset package was used for calculating the 141 

impact using maximum datasets for Indian contexts (available in GaBi). The impact 142 

assessment techniques considered are midpoint assessment method, CML 2001 (Jan 143 

2016 updated) and endpoint assessment method as ReCiPe 1.08 (I) for holistic 144 

understanding of the results. 145 

 146 

1.5 System Boundaries 147 

 148 

The scope of the LCA study of the PET Bottle is defined in many previous 149 

comprehensive studies and is extensive in nature. Since the nodal body central to 150 

packaging of PET bottle (PACE) was quite supportive and open with the extensive 151 

approach data collection for all the stages, it was an evolving process and a cradle-to-152 

grave methodology followed by open loop recycling of the PET Bottles.   153 

As a huge quantum of PET Bottles is recycled, the resource utilization for the same 154 

activity is of considerable nature. The informal nature of this recycle system made it a 155 

challenging task for accurate mapping of the data.  156 

The complete lifecycle of a PET Bottle can be divided in various stages as shown in 157 

figure 1.1. This division of the lifecycle helps us in identification of hot spots in the 158 

PET Bottle lifecycle contributing to the environmental burdens generated in the each 159 

category and the resource depletion during the same. 160 

 161 

Cradle to Gate 1: The raw material required for the production of PET and its 162 

extraction/ production is considered during this stage. This stage also considers the 163 

transportation/shipping of the materials to the Gate of the production facility.  164 

 165 
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Gate 1 to Gate 2: The production of PET Bottle takes place in stages. The same 166 

stages are considered during the LCA study. The stages are considered according to 167 

the production (upstream) lifecycle of the PET Bottle. PET Resin production being 168 

the first stage is considered in this stage. The various resources such as electricity, 169 

utilities and chemicals needed for PET resin production are mapped as the LCI Data.   170 

 171 

Gate 2 to Gate 3: The PET Bottle production progresses with Preform production by 172 

2 types of processes namely Single Stage and 2 Stage production including Bottle 173 

Blowing. The same is considered in this stage pertaining to the lifecycle 174 

methodology. LCI Data related to this stage is mapped and collected from the various 175 

facilities and Preform makers associated with PACE. 176 

  177 

Gate 3 to Gate 4: The blown PET Bottles are filled/sealed and transported to the 178 

consumer/ end user. The type of application of use decides the weight, color and 179 

shape of the bottle. Some applications need specialized setups for the same other than 180 

bottles water. The resources needed in this stage were mapped based on the data 181 

provided by the central supply chain and logistics management team. 182 

 183 

Gate 4 to Grave: A network of informal collection system that collects a major 184 

percentage of the PET Bottles consumed/used by the end users. These collected 185 

bottles are segregated, packed and processed for further application of the PET 186 

Flakes.  187 

 188 

 189 
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 190 

 191 

 192 

Figure 1.1: PET Bottle Lifecycle 193 

1.6 Functional Unit 194 

 195 

The overall PET production is measured in Metric Tons during the Resin Production 196 

stage which is further dialed down to kilogram basis during Preform Production and 197 

Bottle Blowing since weight is taken as the basis to quantify the PET Bottle 198 

throughout its lifecycle during various stages. As it would be easier to correlate to the 199 

environmental performance metrics, the functional unit is also considered to be 200 

weight based and taken to be per kg of PET resin. The environmental metrics can be 201 

scaled down or scaled up linearly to calculate the impact corresponding to the various 202 

packaging sizes as shown in Table 1.2. The PET bottle weight of various units 203 

depending on the application in current era of consumption is given to be as follows: 204 

 205 

Table 1.2: Functional Unit  206 

Unit Size 1 L 500 mL 250 mL 180 mL 140 mL 110 mL 

Weight 17-21 g 12.7 g 12-14 g 11-14 g 14 g 12 g 

Use Water Beverages Beverages Liquor Pharma Pharma 
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1.7 Limitations and Exclusions 207 

 208 
Lifecycle assessment is often constrained due to various practical and theoretical 209 

limitations. After defining the scope and boundary conditions of the study many 210 

aspects are left unattended as they either are of no consequence in the results or will 211 

structure the results as per standardized norms. The various exclusions in the study 212 

are listed as follows as per ISO Guidelines (22-23): 213 

1. The impact due to the process equipment used for production of PET Bottle or 214 

during the production of the raw materials needed for the PET Process is not 215 

considered in the study.  216 

2. The impact due the construction and materials of various buildings, housing 217 

the facilities of production is excluded from the study. 218 

3. The land used for different activities during the lifecycle such as extraction, 219 

processing, recycling etc. of PET Bottle is not considered for impact 220 

evaluation. 221 

4. Environmental burdens generated due to the creation of public or private 222 

facilities and infrastructure such as roads, waterways etc. and utilities as fuel, 223 

electricity etc. are not considered. 224 

5. Environmental Impacts due to the participation of human resource during the 225 

complete lifecycle is not included. 226 

6. The overheads generated lighting and maintenance of the various facilities 227 

(production, transportation and storage) is not considered. 228 

7. The manufacturing and filling of the product to be stored in the PET Bottle is 229 

omitted from the total impact calculated of the Bottle. 230 

8. The translation of impacts due to marketing, retailing, secondary and tertiary 231 

packaging is not considered. 232 

9. The burdens generated due to the caps and labels of the Bottle are not 233 

considered during the impact assessment. 234 

10. Some chemicals, additives and colours contributing less than 1% of the input 235 

to the process is not considered during the generation of final results. 236 

 237 
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1.8 Process Description 238 

 239 
Bottle grade PET is a synthetic polymer made of Purified Terephthalic acid (PTA) 240 

and Mono-ethylene glycol (MEG). In this process small amount of Isophthalic acid is 241 

added to improve the clarity and transparency of the product. Antimony is used as 242 

catalyst. Figure 1.2 shows the chemical structure. 243 

  244 

 245 

                                                                                      R’: Hydroxyl end group 246 

n: Degree of polymerisation 247 

Figure 1.2: Chemical structure of PET 248 

 249 

Degree of polymerisation is dependent on application. 250 

~ 90-100 for textiles/film 251 

~ 120-150 for bottles/packaging 252 

Intrinsic Viscosity (IV) is an indirect measurement of molecular weight of PET chips. 253 

High IV polymer will have high mechanical strength. IV of bottle grade resin varies 254 

from 0.74 to 0.88 dL/g depending upon requirement of final product. Bottle grade 255 

Polymerisation processes consists of two major steps 256 

1.8.1 Melt Polymerization 257 

1.8.1.1 Esterification of Raw Materials 258 
  259 

Esterification of PTA and MEG results in to low molecular weight oligomers with the 260 

elimination of reaction by-product water and MEG.  261 

1.8.1.2 Polycondensation of Oligomers 262 
 263 
Polycondensation of oligomers is carried out in the melt phase, via a catalysed 264 

process, under vacuum to yield polymer of required degree of polymerisation with 265 

elimination of water and EG. (Fig. 1.3)  266 

 Co-monomers viz. Isophthalic acid and DEG are added to modify morphology and 267 

melting temperature of the polymer. The polymer thus produced is called amorphous 268 

chips. Amorphous chips are further subjected to Solid State Polymerization where 269 
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molecular weight of PET chips is further increased to get enough mechanical strength. 270 

In some recent technologies final molecular weight is achieved during melt 271 

Polymerization itself and solid state Polymerization is not required. 272 

1.8.2 Solid state Polymerization: 273 
 274 
Solid state polycondensation is carried out at relatively lower temperatures. The 275 

temperature in the process is set based upon the development of morphology of 276 

polymer during the process. Lower temperature operation ensures minimum 277 

degradation reaction and good polymer quality. During Solid State Polymerization 278 

molecular weight of the polymer is increased to desired value. 279 

 280 
Figure 1.3: Typical Process Flow of a Continuous melt polymerisation line 281 

 282 
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SECTION 2: LIFECYCLE INVENTORY MODELING 283 

2.1 Lifecycle Modeling Structure  284 

2.1.1 Upstream lifecycle: 285 

 286 

In the lifecycle of a PET bottle the stages leading to its production are termed as the 287 

upstream lifecycle whereas the stages pertaining to its collection and disposal are 288 

regarded as downstream lifecycle. The LCA of PET bottle can be divided in various 289 

stages for ease of understanding and data collection. Such bifurcation ends up 290 

simplifying the complex lifecycle of the PET Bottle. The various stages are termed as 291 

“Gates” and thus provide a structure to the study. The first stage being Cradle to Gate 292 

that comprises of raw material acquisition where the resources needed for the 293 

production of Raw Materials required for the production of PET is taken into 294 

consideration. The raw materials are transported to the factories where they are mixed 295 

and heated and are subjected to unit operations such as Melt Polymerization and Solid 296 

State Polymerization at high temperatures. The resin beads are molded in the plastic 297 

fabrication stage in preforms according to the various sizes of PET bottles. The unit 298 

operation involves high temperature and specialized machinery. The same preforms 299 

are then transported to the sites where they are blow molded in full sized bottles that 300 

are further filled with the constituents of the same depending on the application. For 301 

packaging of pharmaceutical products, clean room setups are used to avoid any 302 

microbial contamination. This Gate-to-Gate stage of the lifecycle where the 303 

production process of PET takes place often is a major contributor to the impact 304 

footprint. The resource input demand varies depending on specialized fabrication 305 

setups for different containers for different applications. Waste collection, recycle and 306 

disposal are considered as Gate-to-Grave Stage, post consumption of PET bottles. As 307 

seen in the Figure 1.1 the lifecycle of the PET bottle can be seen as a closed loop 308 

when the waste is recycled back to production of bottles. The same can be sent for the 309 

production polyester fiberfill, spinning fiber, partially oriented yarn, sheets & straps 310 

etc. 311 

 312 

 313 

 314 
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2.1.2 Downstream Lifecycle: 315 

 316 

 317 

Figure 2.1: Downstream Lifecycle of PET Bottle (Post Consumer) 318 

 319 

PET Bottle recycle comprise of various stages post consumption as shown in Figure 320 

2.1. Since the application of PET bottles is varied a large group of end users are 321 

involved in the consumption and depending on the purpose the number of usages of 322 

the bottle is decided. After the usage most of the bottles are thrown in the dust bins 323 

which are then collected by the central authority in charge of waste collection. Most 324 

of the regions in the world have a waste sorting and collection system in place. In 325 

context of India a chain of collectors operating at various levels is involved making 326 

the activity comprehensive in nature. Central Institute of Plastic Engineering & 327 

Technology (CIPET, Min of Chem & Fert) mentioned in an affidavit in National 328 

Green Tribunal (NGT) dated 6th May 2015 that 70% PET gets recycled, 15% gets 329 
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exported, 8 % remains in circulation, and 7 % is untraceable. 330 

 331 

 332 

  333 

(A)                   (B) 334 

  335 

  (C)                      (D) 336 

Figure 2.2: A. Sorting of PET Bottles from other Scrap Bottle. B. Removal of Caps 337 

and Labels. C. Bailing of PET Bottles. D. Manual Sorting   338 

 339 

Waste collectors being the back bone of the activity collect the PET bottles (sold for 340 

14-15 INR/kg) which are then consolidated by the Kabadiwalas who segregate the 341 

waste according to different types of polymers are further sold (25 INR/kg) to 342 

wholesalers or traders also called as aggregators. They are involved in compaction 343 

and bailing of the bottles that are then sold to the recyclers (30 INR/kg). The bottles 344 

are then subjected to manual sorting, labels and caps removal.  These are further 345 

washed and cut using specialized machinery. The end product is worth 55 INR/kg 346 

(http://www.petrecycling.in/).  The recyclers use the same for either bottle production 347 

(closed loop) or fiber spinning (open loop) depending on the demand and process 348 

economics. The power, water and cleaning chemicals consumption needed for the 349 

http://www.petrecycling.in/
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processing of the PET bottles at different stages in the downstream (gate to grave) 350 

lifecycle is considered as the input.  351 

 352 

Since the PET flakes are not used in making Bottle grade PET resin but are 353 

completely utilized in manufacturing the PET or Polyester fiber the system is 354 

considered to be an open loop recycling system.  355 

 356 

2.2 Allocation Methods for Open Loop Recycling: 357 

The credit of recycle can be assessed by 3 approaches as proposed by Shen (2010) 358 

that can be listed as: 359 

2.2.1 Waste Valuation – Economic Allocation:  360 

As the cost of virgin PET Resin varies between Rs 72-78 plus taxes and extra freight 361 

charges whereas the PET flakes produced after recycle are priced somewhere around 362 

Rs. 45-55 depending on the market situation. As the economic value of the PET 363 

Flakes i.e. the starting material for the PET Fibers production, is around 62.5 - 70% of 364 

the original PET Resin the environmental impact reduction will be following the same 365 

linearity. This method is volatile and thus loses its credibility as it completely depends 366 

on the market prices that in turn are governed by the demand and supply mechanism.  367 

 368 

2.2.2 Cut - Off mechanism:  369 

In this methodology the regular impact generated by each stage is assessed. The 370 

impact generated by the rPET (recycled PET) stage is considered as the impact for the 371 

production of raw material i.e. PET resin for the production of PET fibers and the 372 

impact is compensated in the lifecycle of the next related product. Since the impact is 373 

reduced the difference is considered as the recycle credit, but as this approach 374 

enfeebles the true sense of “cradle” and “grave” stages misrepresenting the impact 375 

values. 376 

 377 

2.2.3 System Expansion:  378 

In this approach the two lifecycles of the products are merged and considered to be 379 

one system. Hence various scenario creations can be accomplished depending on the 380 

parameters considered during modeling. As this method is applied in context of the 381 

complete product system the data collection and information requirement is a tedious 382 
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task and hence is applied during comprehensive LCA studies. This method would 383 

provide greater meaning to the whole aspect and the appalling process of collection of 384 

PET bottles and its recycle. This exercise provides the future lifecycle of PET fibers 385 

to avoid raw material extraction and further save on the waste disposal of the new 386 

material used thus providing credible benefit from a lifecycle thinking perspective. 387 

 388 

2.3 Logistical Modeling Parameters 389 

As transportation of materials during the various stages is considered as an important 390 

parameter the lifecycle modeling requires special attention in order to assess its 391 

impact contribution. The raw materials are transported to the factory gate of the 392 

production facility. Some part of the raw materials imported is also shipped. The 393 

vehicle considered for the transportation for most of the cases is truck trailer and the 394 

fuel used by the same is diesel. Shipping data considered based on the nautical miles 395 

transportation is obtained from the freight data available with the product details and 396 

costing of the raw materials imported. 397 

 398 

2.4 Process Inventory Data Sources  399 

Various production facilities were surveyed and specialized input output data sheets 400 

were prepared depending on the process and its consisting unit operations. As the 401 

plant managers or production managers were provided with the same for data 402 

collection pertaining to the processes/stages, they were asked to input the data for the 403 

last 3 commercial years. This was done to check the consistency of the data. Also, 404 

some of them were asked to quantify the existing data for waste effluent water 405 

generation. Since, most of the PET manufacturing plants have their own ETPs 406 

(Effluent Treatment Plants) that are then connected to the CETPs (Central Effluent 407 

Treatment Plants), the data regarding the chemical consumption and power 408 

requirements for the treatment were mapped from the already available plant data. 409 

The data and the model used regarding the same can be seen in Appendix D. The 410 

same has been simulated in the model considering the impact due to waste treatment. 411 

Most of the PET waste generated during production is used back in the loop as the 412 

material properties do not change for the same and hence can be recycled. 413 
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As the production facilities are at a mega scale and very well streamlined the process 414 

scale data was available and hence only the acumen for better data mining was the 415 

limiting hurdle. The data could also be translated to energy index and water index for 416 

per kg or per ton of PET Resin production. As most of the production facilities had 417 

their own central electricity generation units, pinpoint data regarding the fuel 418 

consumption (natural gas) for process requirements was available.  Site-specific 419 

process modeling was done in GaBi 3.0 due to availability of extensive data regarding 420 

the consumption of various resources, chemicals and materials thus avoiding the 421 

generalized datasets (Indian context) as far as possible. Since most of Indian PET 422 

producing plants have their own capacitive electric power generation the complete 423 

data regarding the fuel consumption (natural gas) has been added to the model as per 424 

the different plant capacities and an overall production mix is also performed to get 425 

the accurate results in terms of the total production. 426 

 427 

2.5 Data Quality Assessment 428 

As the upstream lifecycle of the PET Bottle is well streamlined and with complete 429 

transparency maintained by the participating industries and association (PACE, Delhi) 430 

it was easy to obtain well documented and constantly upgraded data for various 431 

process operations. With close monitoring and multiple consistency checks the data 432 

was fit in the GaBi 3.0 Process Model.  433 

For the downstream processing of the PET Bottle during the recycle stage various 434 

creative input output process datasheets were generated. This activity was performed 435 

in close accordance with the wholesalers and other process in charge personnel. As 436 

the unit operations till the flaking are well documented by the process managers it 437 

was checked for any gaps by the assessor team for a particular time frame and 3 year 438 

time frame along with the data mining was taken to check for any inconsistencies in 439 

the same. The complete process is governed by weight based empirical formulas (per 440 

ton or kg) of PET Bottles processed; data quality assurance was easy to check. 441 

It was ascertained that most of the data used falls under the tolerance limit of 5%, 442 

highly reliable and consistently checked by inter departmental experts. 443 

 444 
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2.6 Inventory Details 445 

The datasets used in the GaBi 3.0 model for producing the impact results are given in 446 

Appendix C. Only 5% and lesser-valued (weight basis) materials have been 447 

approximated with similar polymer/ additives already present for Indian Context 448 

datasets from GaBi 3.0. Various Datasets of Indian Context used in GaBi 3.0 are third 449 

party inspected and checked by DEKRA, Germany. 450 

The DEKRA critical review of the GaBi 3.0 Database verifies: 451 

 Credible independent sources underpinning each dataset 452 

 Up to date engineering know-how used in composing the dataset 453 

 Accurate meta information documenting the dataset. 454 

The review initially covers basic technologies, such as e.g. power plants, refineries 455 

and water treatment units underlying many other aggregated datasets and continues 456 

with dependent datasets derived from these core models. In addition to the datasets 457 

themselves, the quality assurance processes are also subject to an audit. 458 

SECTION 3: LCIA RESULTS 459 

3.1 LCIA Methods 460 

 461 

From a life-cycle-thinking perspective, the benefit of recycling is the improvement of 462 

the material utilization efficiency by avoiding further resource extraction and waste 463 

management. The overall impact can only be assessed when the entire system and the 464 

effect of the system are considered. Therefore, the “system expansion” method 465 

represents a life-cycle-thinking perspective.  466 

There are different impact assessments methods developed in order to assess the 467 

environmental metrics that can be compared and interpreted. As Midpoint and 468 

Endpoint indicators have corresponding advantages and limitations they should be 469 

available in parallel for the decision makers in a consistent framework to assess the 470 

complete perspective of a certain cause and effect network.  471 

The ReCiPe End Point (I) assessment method gives impact values across 3 categories 472 

namely, human health, resources and ecosystem quality. As ReCiPe is the most recent 473 

and unified approach in lifecycle assessment it was used for LCIA. Also ReCiPe (I), 474 
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Individualist assessment method was considered, as the current technologies will be 475 

improved substantially in a short span. The end point assessment gives us 476 

dimensionless numbers. As the end point analysis delivers a value judgement about 477 

the relative importance of each impact, ReCiPe method with a newer database was 478 

used for the same to understand if the inventory results were sensitive towards scaling 479 

up. 480 

The midpoint assessment indicators for the CML 2001 updated in Jan 2016 is 481 

considered in order to express the environmental burdens and resources used during 482 

the complete lifecycle of the PET Bottle.  483 

The CML 2001 comprises of indicators oriented for damage concerning the human 484 

health effects and problem oriented metrics related to the environmental burdens 485 

concerning at the emission level and resources consumed. 486 

The different categories included in the CML 2001 midpoint assessment method 487 

were;  488 

1. Abiotic Depletion (ADP, Fossil and elements) 489 

2. Human Toxicity (HTP) is mainly concerned with the Human Health aspect.  490 

3. Global Warming Potential (GWP 100a including and excluding biogenic 491 

carbon) 492 

4. Acidification (AP) 493 

5. Fresh Water Aquatic Eco Toxicity (FAETP) 494 

6. Eutrophication (Eutroph) 495 

7. Marine Eco Toxicity (MAETP) 496 

8. Ozone Layer Depletion Potential (ODP) 497 

9. Photochemical Ozone Creation Potential (POCP) 498 

10. Terrestrial Eco Toxicity (TAETP 100a) indicate the environmental burdens 499 

impact values.  500 

 501 

As seen in Table 3.1 the impacts associated with different processes in the lifecycle 502 

are shown.  503 

 504 
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Table 3.1: CML 2001- Jan 2016 LCIA Results per kg of PET Bottle Production 505 

Environmental Indicators C-G 
PET 
Bottle 
Impact 

Cradle 
-G1 

G1-
G2 

G2-
G3 

G3-
G4 

G4-
Grave 

70% 
Recycle 
with 
Credit 

Abiotic Depletion (ADP 
elements) [kg Sb-Equiv.] 1.3E-06 68.3% 0.6% 20.6% - 10.5% 67.6% 

Abiotic Depletion (ADP fossil) 
[MJ] 113 66.4% 4.4% 24.9% 0.3% 4% 46.8% 

Acidification Potential (AP) 
[kg SO2-Equiv.] 0.05 31.2% 1.2% 63.2% 0.3% 4.1% 6.8% 

Eutrophication Potential (EP) 
[kg Phosphate-Equiv.] 0.003 38.6% 3.5% 50.6% 2.7% 4.6% 11.5% 

Freshwater Aquatic Eco 
toxicity Pot. (FAETP inf.) [kg 
DCB-Equiv.] 0.02 57.8% 1.1% 38% 0.3% 2.5% 63.8% 

Global Warming Potential 
(GWP 100 years) [kg CO2-
Equiv.] 6.43 45.9% 4.7% 43.7% 0.3% 5% 31.9% 

Global Warming Potential 
(GWP 100 years), excl 
biogenic carbon [kg CO2-
Equiv.] 6.35 46.3% 4.6% 43.3% 0.3% 5% 32.3% 

Human Toxicity Potential 
(HTP inf.) [kg DCB-Equiv.] 1.35 28.1% 0.82% 67.2% 0.05% 3.8% 5.2% 

Marine Aquatic Eco toxicity 
Pot. (MAETP inf.) [kg DCB-
Equiv.] 56800 24.3% 0.52% 71.2% 0.01% 3.9% 1.3% 

Ozone Layer Depletion 
Potential (ODP, steady state) 
[kg R11-Equiv.] 9.2E-11 27.3% 0.54% 65.7% - 5.5% 216.3% 

Photochemical Ozone Creation 
Potential (POCP) [kg Ethene-
Equiv.] 0.003 44.8% 2.3% 51.5% - 4.1% 22.3% 

Terrestrial Ecotoxicity 
Potential (TETP inf.) [kg 
DCB-Equiv.] 0.01 41.4% 0.56% 52.1% - 2.9% 5.6% 

 506 
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3.2 Top Contributors 507 

 508 
To pinpoint the effect of various factors contributing to the impact results various 509 

analysis were carried out. The scenario comparison related to many aspects of the 510 

lifecycle worth comparing were carried out with firm logic to generate substantial 511 

results that can be used to change the perspective about the various stages and gain 512 

insight regarding the same. In order to assess the top contributors to the impacts 513 

generated a close analysis was performed. From the results as seen in Table 3.1, the 514 

raw material MEG contributing the maximum impact to the total impact values during 515 

the complete lifecycle of the PET Bottle. The production of MEG during the Cradle to 516 

Gate 1 stage of raw material extraction is pin pointed as one of the major contributors. 517 

The top contributor to the impact in the lifecycle is electricity with an Indian grid mix 518 

being used currently for operating at the plant scale level. Transportation being a 519 

factor is not amongst the top for impact generation. As we can see from Figure 3.1 the 520 

top contributor for GWP is the Cradle to Gate 1 (impact due to petrochemical nature 521 

of the raw materials) and Gate 2 to Gate 3 stage, i.e. impact due bottle fabrication 522 

from the PET Resin. The stage of PET resin to preform molding and bottle blowing 523 

(Bottle Fabrication) is contributing impacts to the GWP due to the electricity usage 524 

associated with the different machinery required. The PET Flakes generation adds up 525 

a meager percentage in the Gate 4 to Grave stage. 526 

 527 

 528 

Figure 3.1: LCIA Mid-Point Environmental Metric for CML 2001- Jan 2016 529 
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The Human Toxicity Potential is maximum during the raw material extraction phase 530 

as it contributed mostly by the MEG component used for production of PET. The 531 

remaining impacts in the same category are due to electricity consumption during 532 

processing. Majority of the impacts associated with water such as Eutrophication 533 

Potential EP, Freshwater Aquatic Eco toxicity Potential FAETP, Marine Aquatic Eco 534 

toxicity Potential MAETP are contributed by the Cradle to Gate 1 stage where the 535 

petrochemical nature of the raw materials influences the impact values.  536 

SECTION 4: INTERPRETATION 537 

4.1 Sensitivity Analysis/ Scenario Analysis 538 

To check the consistency of the results and its dependability on the major contributing 539 

factors sensitivity analysis is performed on the various parameters in the data. 540 

Environmental performance indicators depend on various factors such as raw 541 

materials used, the energy consumption in production and transportation. As 542 

transportation of the packaging material is an aspect of interest to majority of decision 543 

makers for efficient working the logistical parameters were mapped during the study. 544 

As transportation of the Resin, Preform and finished PET Bottles is included and 545 

affects the LCIA results, the impacts contributed should be investigated for further 546 

insight. Here we have considered two scenarios, first one being where the total 547 

transportation is decreased to a mere 200 km. This is considered to assess 548 

decentralized production facilities of PET Bottle manufacturing as per geographical 549 

requirements. Here the impact has decreased by a meager 0.15 % from the current 550 

practice of transportation of around 500 km. If the transportation is increased to 1400 551 

km the increase in the Global Warming Potential is around 0.77 % that clears the 552 

doubt regarding the impact contribution by transportation of packaging materials as 553 

shown in Table 4.1 where only the impact sensitive indicators are tabulated. To assess 554 

the sensitivity associated with the recycle of PET Bottle, we considered 2 scenarios 555 

where the recycling capability is reduced to around 50% from the current scenario of 556 

70% recycling. Benchmarking the current scenario to a zero value the sensitivity of 557 

the recycling scenario is studied and shown in Fig. 4.1. It results in a 12% increase in 558 

the Global warming potential and can be seen in blue in Fig. 4.1. The other case 559 
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considered is for the recycling initiatives translate in 100% recycling of all the PET 560 

Bottles where the carbon emissions decrease by 17.5% as shown in red in Fig. 4.1.  561 

 562 

Table 4.1: Transportation Scenario for per PET Bottle  563 

 

Environmental Indicators 

200 Km 

 

Current Scenario 

500 km 

1400 km 

 

Acidification Potential (AP) - 0.2% 51 [kg SO2-Equiv.] + 0.78% 

Eutrophication Potential (EP) - 0.98% 3.05 [kg Phosphate-

Equiv.] 

+ 2.6% 

Global Warming Potential  

(GWP 100 years) 

- 0.15% 6.43 [kg CO2 Equiv.] + 0.77% 

 564 

 565 

 566 

Figure 4.1: Recycling Scenario 567 

 568 

Table 4.2: Impact based on different Bottle weights 569 

 

Environmental Indicators 

12-14 gm 

Bottle 

 

21 gm 

Bottle 

  

Abiotic Depletion (ADP elements) [mg Sb-Equiv.] 
4.98  8.72 

Abiotic Depletion (ADP fossil) [kJ] 

721.2 1260 

Acidification Potential (AP) [g SO2-Equiv.] 
0.57 0.998 
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Eutrophication Potential (EP) [g Phosphate-Equiv.] 
0.033 0.057 

Freshwater Aquatic Eco toxicity Pot. (FAETP inf.) [g DCB-
Equiv.] 

0.078 0.14 

Global Warming Potential (GWP 100 years) [g CO2-Equiv.] 
52.56 92 

Global Warming Potential (GWP 100 years), excl biogenic 
carbon [g CO2-Equiv.] 

51.6 90.3 

Human Toxicity Potential (HTP inf.) [g DCB-Equiv.] 
15.36 26.9 

Marine Aquatic Eco toxicity Pot. (MAETP inf.) [kg DCB-
Equiv.] 

67.3 118 

Photochemical Ozone Creation Potential (POCP) [g Ethene-
Equiv.] 

0.028 0.048 

Terrestrial Ecotoxicity Potential (TETP inf.) [g DCB-Equiv.] 
0.17 0.28 

 570 

4.2 Qualitative Risk Screening of Chemicals  571 

The raw materials used in the manufacturing of the PET Bottles are majority 572 

chemicals that are obtained from the petrochemical route. The Human Toxicity 573 

Potential and other Toxicity indicators are comprised of various factors in giving the 574 

impact value associated with the raw material chemicals. The electricity usage and the 575 

toxicity indicator translations are due to the fossil fuels used during its production. 576 

The preferred unit by the Human and other toxicity indicators such as marine water 577 

aquatic, terrestrial, fresh water aquatic is normally kg of 1,4-dichlorobenzene 578 

equivalent. The risks pertaining to direct exposure in the work environment is not 579 

included.  The fate of the chemical substance in the environment and toxic effects of 580 

the material on a local and global scale govern the impact value of the indicator. The 581 

impact values are multi factor based and the contribution due to different impact is 582 

considered in various percentages depending on the screening and assessment system.  583 

 584 

 585 

Figure 4.2: Antimony Trioxide Sensitivity Analysis 586 
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 587 

Figure 4.3: MEG Sensitivity Analysis 588 

 589 

As seen from the Figure 4.2 terrestrial ecotoxicity potential is easily influenced by 590 

incremental increase in usage of antimony trioxide. The sensitivity regarding the 591 

terrestrial ecotoxicity for this indicator lies within a 6% range with an increase or 592 

decrease of 30% consumption. The current scenario is considered as zero value and 593 

the sensitivity is checked for a range. All the other indicators show negligible change 594 

and hence are not included. But as the catalyst is used below 1% concentration this 595 

effect is uncertain and negligible. The sensitivity for bulk raw materials such as MEG 596 

and PTA when checked for a range of 30% gives us a different picture. The increase 597 

or decrease of MEG by 30% gives around 9-10% increase or decrease in the GWP 598 

and other indicators as seen in Figure 4.3. The same sensitivity when observed for 599 

PTA, Purified Terephthalic Acid gave an increase of around 10-12% in GWP and 600 

other important toxicity indicators seen in Figure 4.4. Since most of the toxicity 601 

indicators are common with unchecked uncertainties so only indicative approximate 602 

insights are drawn from the values. As such nothing alarming is observed in the use of 603 

any of the raw materials. The impact values generated are due to petrochemical nature 604 

of the raw materials. The same is generated and is linear for most of the raw materials 605 

and no erratic contribution is observed across any category. The end-point indicators 606 

are expressed in DALYs for human toxicity and species loss for eco-toxicity in  607 

Appendix C Table A.2. [ReCiPe 2010]  608 

 609 
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 610 

Figure 4.4: PTA Sensitivity Analysis 611 

SECTION 5: SUMMARY AND CONCLUSIONS 612 

5.1  Summary and Conclusions 613 
 614 
In this study, the complete lifecycle of PET bottle was mapped and a cradle to grave 615 

analysis along with a system expansion method for open loop recycling was 616 

considered. The recycled PET bottles were considered to be used for the 617 

manufacturing of PET Fiber and other credit allocation methods were also discussed 618 

to reduce the ambiguity related to the environmental impact and to entertain different 619 

perspectives other than system expansion.  620 

The various functional units of PET bottle are based on the typical volume of liquid 621 

commodity to be packaged. As these are the deciding factors of various operational 622 

constraints and depend on the demand of the consumer the environmental impacts 623 

were calculated for the different functional units on weight basis as can be seen in 624 

Table 4.3. 625 

The environmental impact values in each category indicate the effect in the 3 major 626 

domains correlating to Human Health, Environmental Burdens/Impact and Resource 627 

Depletion. The impact values are the direct translation of the energy/electricity and 628 

materials/resources used during each stage of the lifecycle of the PET Bottle. The 629 

PET resin production (C – G2) stages is comparable with the PET Bottle preform 630 

production (G2 – G3) and bottle blowing stage and comprise 51% and 48.4% of the 631 
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impact generated respectively. The contribution in the impact values is different in the 632 

2 stages where 45.8% as due to raw materials used for Cradle to G1 and 3.2% due to 633 

energy usage in the G2 - G3 stage. 634 

As seen from the results in the scenario analysis the actual transportation distances 635 

were factored in the model for different scenarios and it translated as a small fraction 636 

of the total impact being generated G3 - G4 stage. As the transportation during the 637 

various stages such as resin to bottling, bottling to consumer & collection during 638 

recycle is accounted for their translation in impact values can be mapped in the results 639 

as around 0.3 % across the GWP. 640 

As the toxicity indicators are a translation of fossil fuel usage and fate based as well 641 

as exposure based parameters, the values are often misleading in case of chemicals 642 

that also have other foreseeable impacts which are not factored in while calculating 643 

the value judgment. As it also can be used as an indicative measure the calculated 644 

impact is still full of inconsistencies and mostly uncertain. By conducting sensitivity 645 

analysis as to understand its impact on the total value chemical risk assessment has 646 

been carried out. 647 

The rPET stage generates the least impact of around 5 % throughout the lifecycle thus 648 

boosting the morale of the initiative. Although by sensitivity analysis compared to the 649 

total lifecycle it proves to be less impactful and with the extra relevance being given 650 

to this stage.  651 

The production of the secondary PET flakes or granulates will offset the usage of 652 

virgin PET resin material in the production of PET Fiber. This recycling will amount 653 

in reducing the CO2 emissions. The allocation by various modes have made it clear 654 

that the impact values per functional unit basis is lesser by magnitudes compared to 655 

other packaging materials. Comparison of 180 mL PET bottle and glass bottle 656 

(Appendix E) clearly reveals that PET creates less burden as compared to glass (24).  657 

 658 

Although the overall impact due to increase in percentage recycling is minor the rPET 659 

will reduce and offset significant impact compared to virgin PET resin or granulate 660 

due to displacing its production in the first place. 661 

 662 
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5.2  Future Scope & Suggestions 663 

The lifecycle perspective and thinking contribute to a sustainable process and product 664 

depending on the decisions of the policy makers.  665 

To assess the reduction in the Environmental Impact due to the usage of solar energy 666 

(alternative renewable energy) we considered 2 scenarios with 50% shift to solar and 667 

100% usage of solar. The following scenarios give us direct impact values associated 668 

with energy. It is evident from the scenario analysis that greener process is a cleaner 669 

process and translates in lesser environmental impact. The shift to 50% solar power 670 

gives a 25% decrease in the CO2 emissions and a 100% shift decreases the Global 671 

warming potential by 50%. The rest of the impact is associated with the raw materials 672 

used in the process. Majority doubts related to various toxicities and its indicators 673 

have initiated an active progress towards antimony trioxide free process. 674 

 675 

 676 

 677 

 678 

 679 

 680 
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 682 

 683 
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SECTION 7: PEER REVIEW COMMENTS AND ANSWERS  795 

 796 
#Reviewer 1: Dr. Sukumar Devotta 797 

 798 

1. Have you compared with the best global practices in this area? Otherwise you 799 

are relying on data supplied by the manufacturers and the results can be 800 

biased. 801 

Ans. We have worked on a base case where, the data is provided by PET 802 

Manufacturers member association with a primary motive of maintaining 803 

Clean Environment. We have considered the maximum manufacturing data 804 

from most of the plants all over India giving us a fair deal of perspective to 805 

gather consistent unbiased data. As seen, a better more efficient manufacturing 806 

process consuming less power reaps more economical benefit compared to the 807 

old ones and hence most of the data is comparable to the best global practices.  808 

2. There is no comment why there is such a wide variation, is it because of the 809 

best or worst practices or the boundary conditions. 810 

Ans.  The main goal of the study is to assess the impact by the current state of 811 

affairs only a prima facie observation has been done for other studies and the 812 

results have been included to get an overall view regarding the subject. A 813 

general review regarding the results has not been carried out, as it was not 814 

included in the goal of the study. 815 

3. There is no description of GaBi 3.0 for the reader to understand why this tool 816 

was chosen while there are many tools available. 817 

Ans. The reason for choosing the current tool (GaBi 3.0) has been briefly 818 

mentioned in section 1.4 on LCA methodology on page 10. As GaBi has more 819 

comprehensive datasets for the Indian Context the same has been used. 820 

Comparative assessment of the different software has been averted in the 821 

current study. 822 

4. Are you considering the disposal of caps and labels, which may not be PET? 823 

These are major wastes from PET bottle recycling efforts. 824 

Ans.:  As our study is only focused regarding the lifecycle assessment of PET Bottle 825 

(Bottle with Polyethylene Terephthalate as the material of construction), the 826 

remaining paraphernalia and its study is not considered in the current report. 827 

5. What is the difference between item Stratospheric Ozone Depletion (SODP 828 
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40a) and Ozone Layer Depletion Potential (ODP)? To me both are the same. 829 

In the later stage item Stratospheric Ozone Depletion (SODP 40a) is not 830 

considered. Therefore, Stratospheric Ozone Depletion (SODP 40a) should be 831 

deleted. 832 

Ans.:  SODP 40a is deleted from section 3.1 on page 23. 833 

6. There is no description on how PET Bottle production parameters were 834 

calculated. The reader gets a black box model and results. 835 

Ans.: PET Bottle production process has been completely described in section 1.5 836 

on system boundaries along with production parameters to assess the validity 837 

of the data. Figure 1.1 clearly explains the impact due to bottle production 838 

from gate 2 to gate 3. Further “Appendix C: Stages of PET bottle manufacture 839 

and recycle” also explains about 2-stage preform production of PET bottles. 840 

7. Is excess MEG or PTA is used in the current practice and you are suggesting 841 

that these specific reactant quantities could be reduced? Otherwise, this 842 

sensitivity analysis is futile. If there are technologies currently available, you 843 

should use the ranges from such studies instead of arbitrary assumptions. 844 

Ans.  The sensitivity analysis has been carried out to showcase how the 845 

environmental impact is affected by variation in commercial chemical usage 846 

to completely understand the sensitivity related to the chemicals in use. The 847 

assumptions are made based on current material optimization studies being 848 

carried by different manufacturers and hence give us an idea where the 849 

industry aims to head.  850 

8. Use of solar energy should have addressed in the main text instead of this 851 

section. There are many alternative energy sources to be considered. 852 

Therefore, it may not be appropriate to restrict to solar. 853 

Ans. The idea over here is to give an understanding regarding the reduction in the 854 

environmental impact due to usage of renewable energy sources. Presently 855 

most popular renewable energy source in India is solar, hence we considered 856 

solar to electricity model as the source for power for PET Production, such 857 

being a futuristic idea considering the current manufacturing situation is 858 

included as future scope. 859 

9. Is there any logic in the sequence of these references, either in the order of 860 

citation or alphabetical order? 861 
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Ans. The bibliography has been prepared according to the order of citation in the 862 

text and not as per the alphabetical order. 863 

10. The definitions from appendices should be accurate conforming to 864 

international standards. 865 

Ans. The terms described in appendices are explained with respect to present study 866 

for the general understanding of these definitions.  867 

11. For GWP and ODP, use the definitions from standards sources e.g. UNEP, 868 

instead of vague definitions presented here. 869 

Ans. For GWP and ODP we have explained these terms in the context of the 870 

present study to get an essence of the terms which will be of use to common 871 

readers. However, precise definition can be obtained from ISO or UNEP. 872 

 873 

#Reviewer 2: Dr. Sadhana Rayalu & Mr. Praveen Antony 874 

 875 

Observations and recommendations:  876 

1.  Although the goal and scope of the study are apparent from the report, the goal 877 

section is missing. It has to be explicitly defined in the LCA report as per ISO 878 

14040.  879 

Ans. The Goal for the study is now included in section 1.1.1 on Page 6. 880 

2.  The LCA study have covered around 60% PET resin production for its process 881 

inventory. However, as almost 40% of the production facility is not 882 

considered, it might be sensitive to the results. Moreover, as it is more likely 883 

that the 40% of the PET resin production is carried out by SME’s, the specific 884 

energy consumption can be relatively higher compared to large-scale 885 

operation. Therefore, since the study represents India as a whole, it is 886 

appropriate to include the uncertainty in the energy and resource consumption 887 

to better represent the scenario holistically.  888 

Ans.  The current study has considered a major portion of PET production and PET 889 

Bottle manufacturing. A comparative assessment of the results has been done 890 

with a regional specific (Delhi) data from SME as supplied by the funding 891 

agency giving us an idea regarding the uncertainty of the environmental 892 

impact results. Hence a comparative study in this context has already revealed 893 

the hidden uncertainties in the achieved results.  894 
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3.  The study has considered most of the prominent LCA studies on PET bottles 895 

in the world. It would be great, if a comparison is made with the past studies 896 

to highlight the significance of the Indian scenario. For instance, the GWP of 897 

California study is 5.79 kg CO2-eq, whereas the current study proposes around 898 

7.23 kg CO2-eq. What could be reasons for such vast difference (~25%)?  899 

Ans. It is a well known fact as the energy mix in context of Indian scenario consist 900 

of coal based power plants, which contributes a higher environmental impact 901 

inturn for the dependent production processes. Hence Indian production 902 

processes if compared with the world scenario will always give a slight higher 903 

impact due to the energy mix. 904 

4.  The reference to all the assumptions in the study (section 1.7) should be 905 

included in the bibliography.  906 

Ans. As mentioned in Section 1.7, all the assumptions are as per ISO guidelines and 907 

bibliography includes the references 22 and 23.   908 

5.  The study has clearly identified that few industries uses melt polymerization 909 

and others uses both melt polymerization and solid-state polymerization. 910 

However, there is no explanation whether this would affect the final LCA 911 

results. For instance, if more industries are going for solid-state 912 

polymerization, the energy required per kg of PET will be higher. Therefore, 913 

the process description should address the following questions. What is the 914 

percent of industries (if data available) that go up to solid-state 915 

polymerization? Does this percent contribution significantly affects the LCA 916 

results?  917 

Ans.: There are 4 PET Resin manufacturers and 90% of PET is produced by solid 918 

state polymerization and only a small percentage of PET resin is produced by 919 

melt polymerisation. The study focuses mainly of widely practiced 920 

technologies to reduce the ambiguity generated and considering higher 921 

contingency. 922 

6.  The study has rightly considered the impact of transportation on the total 923 

environmental footprint. Often, in products that has long supply chain, the 924 

transportation plays critical role. However, the study has primarily focused the 925 

influence of transportation distance on Global warming potential and has not 926 
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discussed other impact categories. Adding this extra information, can better 927 

delineate the role of transportation on the environmental footprint.  928 

Ans.  In present study, the impact of transportation indeed studied on other impact 929 

categories along with GWP. However, as Global-warming potential is a 930 

primary factor often being connected with vehicular emissions, it has been 931 

majorly influenced by transportation parameter whereas other impact 932 

categories do not have significant impact.    933 

7.  The study has considered GLO Euro 2 for emissions from trucks (Page 35). 934 

However, considering the latest emissions scenes, Euro IV can be used in the 935 

model, which can further reduce the impact of transportation in the life cycle.  936 

Ans.  As we have considered Indian scenario for this study, the transpiration impact 937 

has been investigated based on Indian transportation condition and hence we 938 

have considered GLO Euro 2. 939 

8. In the system boundary (on page 7), it is written that Gate 1 to Gate 2 940 

represents PET bottle production. However, in the Figure 1.1 (page 8), the 941 

PET bottle production is shown in Gate 2 to Gate 3. Please modify, if 942 

necessary.  943 

Ans. In the present study, we have considered the impact of raw material 944 

acquisitions and PET manufactures also.  Hence Gate 1 to gate 2 and gate 2 to 945 

gate 3 both the stages have been considered for PET bottle production. 946 

9. Please include an executive summary containing the model summary and results. 947 

This can provide a quick overview before delving into the document. 948 

Ans. This is a very good suggestion and we have now included the executive 949 

summary in the report.  950 

10.  The study has used GaBi 3 for database. However, the latest database is GaBi 951 

6.5. Will there be any difference in the results? 952 

Ans. No change in the results will be observed by the change in database as 953 

confirmed with the ThinkStep team incharge of GaBi Licensing and Training. 954 

 955 

# Reviewer 3: Dr. Suneel Pandey 956 

1. The report is well structured and drafted and results of LCA are consistent 957 

with the boundary set as scope. This can be finalized in the present form.  958 

 959 
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SECTION 8: APPENDICES 960 

Appendix A: Impact Indicators  961 

The purpose of LCIA is to characterize the effects of inventory flows on the 962 

environment. Impact assessment is performed by first selecting a set of impact 963 

categories of interest and then characterizing the significance of each inventory flow 964 

to each impact category. Each flow is assigned a specific characterization factor 965 

which reflects the significance of that flow with respect to a reference unit. For our 966 

study, we used two sets of impact assessment metrics: the CML indicators, produced 967 

by the Institute for Environmental Sciences at Leiden University, the Netherlands 968 

(CML 2001); and the ReCiPe 1.08 created by RIVM, CML, PRé Consultants, 969 

Radboud Universiteit Nijmegen and CE Delft. Our life cycle assessment (LCA) 970 

software uses the January 2016 revision of the CML characterization factors. The 971 

ReCiPe characterization factors were last updated in December 2012.  972 

Following are the impact categories for CML 2001   973 

We report indicators for the following impact categories: 974 

EP -  Eutrophication Potential (kg PO4-Equivalent) Eutrophication is the 975 

enrichment of nutrients in water or soil. This may lead to an increase in 976 

the bacterial or algal concentration which can have deleterious effects on 977 

terrestrial plant growth.  978 

AP -  Acidification Potential (kg SO2-Equivalent): Acidification potential 979 

measures the release of air pollutants, such as oxides of sulfur and 980 

nitrogen, which can become acids in the atmosphere. Release of these 981 

substances can lower the pH of rainwater and fog, leading to acid rain.  982 

GWP -  Global Warming Potential (kg CO2-Equivalent): Global warming 983 

potential measures the contribution of the product to the release of 984 

greenhouse gases such as carbon dioxide and methane. CO2 is released 985 

any time fossil fuels are burned, and energy production is the primary 986 

driver of global warming potential.  987 

HTP -  Human toxicity potential (kg DCB-Equivalent). These categories reflect 988 

measurements of toxicity through different media.  989 

ODP -  Ozone layer depletion potential (kg R-11-Equivalent); Certain chemicals 990 

that persist for a very long time in the upper atmosphere catalyze the 991 
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degradation of ozone, which can lead to an increase in solar radiation 992 

reaching the Earth‘s surface.  993 

POCP -  Photo-oxidant creation potential (kg Ethylene-Equivalent); 994 

Photochemical oxidation can occur when sunlight interacts with some 995 

volatile organic chemicals in the low atmosphere. This can lead to the 996 

creation of noxious air pollutants, including ozone and peroxyacetyl 997 

nitride, which reduce air quality and can cause smog.  998 

FAETP -  Freshwater aquatic ecotoxicity potential (kg Dichlorobenzene (DCB)-999 

Equivalent); 1000 

MAETP -  Marine aquatic ecotoxicity potential (kg DCB-Equivalent);  1001 

TETP -  Terrestrial ecotoxicity potential (kg DCB-Equivalent);  1002 

 1003 

The prime objective of the ReCiPe method is to transform the long list of life cycle 1004 

inventory results, into a limited number of indicator scores. These indicator scores 1005 

indicate the relative severity on an environmental impact category. In ReCiPe 1006 

indicators can be determined at two levels i.e.  1007 

1. Midpoint indicators, and 1008 

2. Endpoint indicators 1009 

  1010 

Each method includes factors according to the three cultural perspectives. These 1011 

perspectives represent a set of choices on issues that proper management or future 1012 

technology development can avoid future damages. 1013 

  1014 

Individualist:  Short term, optimism that technology can avoid many problems in 1015 

future. 1016 

Hierarchist:  Consensus model, as often encountered in scientific models, this is 1017 

often considered to be the default model. 1018 

Egalitarian:  Long term based on precautionary principle thinking. 1019 

  1020 

Following are the impact categories for ReCiPe 1.08 1021 

 

ALO -   Agricultural Land Occupation in species yr. and square meter (m2.a) 

CG -     Climate Change Ecosystems, in kg CO2 eq. and species yr. 
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 1022 

 1023 

 1024 

 1025 

 1026 

 1027 

 1028 

 1029 

 1030 

 1031 

 1032 

 1033 

 1034 

 1035 

 1036 

 1037 

 1038 

 1039 

FD -      Fossil Depletion in kg oil eq. and in $. 

FET -    Freshwater Ecotoxicity in kg 1,4- Dichlorobenzene (DB) eq. and species tr. 

FE -      Freshwater Eutrophication in Phosphorus (P) eq. and species yr. 

HT - Human Toxicity in kg 1,4-DB eq. and  Disability-Adjusted Life Years (DALY) 

IR - Ionizing Radiation in kg Uranium -235 (U-235) eq and DALY 

MET - Marine Ecotoxicity in kg 1,4-DB eq. and species yr.  

ME - Marine Eutrophication in kg Nitrogen (N) eq.  

MD - Metal Depletion in kg Iron (Fe) eq. and $ 

OD - Ozone Depletion in kg Chlorofluorocarbon (CFC) -11 eq and DALY 

PMF - Particulate Matter Formation in kg Particulate Matter (PM) 10 eq. and DALY 

POF - Photochemical Oxidant Formation in kg Non- Methane Volatile Organic 

Compound (NMVOC) and DALLY 

TA - Terrestrial Acidification in kg (SO2) eq. species yr. 

TET - Terrestrial Ecotoxicity in kg 1,4-DB eq species yr. 

WD - Water Depletion in m3. 
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Appendix B: Lifecycle Impact Assessment Dataset Inventory 1040 

1. Polymerisation 1041 

Material Dataset used 

Antimony trioxide EU 27 

Isophthalic acid  IN 

Phosphoric acid IN 

Ethylene glycol IN 

Purified Terephthalic acid  IN 

Electricity from Natural Gas IN 

Truck Trailer  GLO Euro 2 

Diesel mix at refinery IN 

Container ship GLO 

Heavy fuel oil at refinery IN 

Tap water  EU 27 

 1042 

2. ETP Plant  1043 

Material Dataset used 

Process steam from Natural gas IN 

Electricity from natural gas  IN 

Calcium hydroxide DE 

Phosphoric acid IN 

Iron chloride N/A 

 1044 

3. 2-Stage Preform  1045 

Material Dataset Used 

Electricity from natural gas IN 

Fresh Water  IN 

Effluent IN 

 1046 

4. R-PET  1047 

Material Dataset used 

Electricity grid mix IN 

Sodium hydroxide DE 

Electricity IN 

Process steam from natural gas  IN 

Thermal energy (Diesel) IN 

Fresh water IN 

Electricity grid mix IN 

PET via PTA EU 27 

Plastic waste on landfill EU 27 
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Appendix C: Stages of PET bottle manufacture and recycle 

 

Cradle to Grave 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A1: Cradle to Grave presentation in GaBi 3.0.  
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Polymerisation 

 

 

 

Figure A.2: Polymerisation presentation in GaBi 3.0 
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2-Stage Preform 

 

 

 
 

Figure A.3: 2-Stage Preform production presentation in GaBi 3.0 

 

 

 

 

 

 

 

R-PET 
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Figure A.4: R-PET presentation in GaBi 3.0 

 

 

 

 

 

 

 

 

 

 

 

 



Institute of Chemical Technology, Mumbai 

45 
 

Lifecycle Assessment (LCA) of Polyethylene Terephthalate (PET) Bottle-India                     
 

 

PET Flaking 

 

 

 
 

Figure A.5: PET Flaking presentation in GaBi 3.0 
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PET Aggregator 

 

 

 
 

 Figure A.6: PET Aggregator presentation in GaBi 3.0 

 

 

 



Institute of Chemical Technology, Mumbai 

47 
 

Lifecycle Assessment (LCA) of Polyethylene Terephthalate (PET) Bottle-India                     
 

 

 

Polymerisation Mix 

 

 

Figure A.7: Polymerisation Mix presentation in GaBi 3.0 
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Appendix D: Sensitivity analysis calculations 

Table A.1: Impact Indicator CML 2001 

Quantities 

in CML 2001 

Cradle to 

Grave 

2 stage 

preform 
Polymerisation R- PET 

Plastic 

waste on 

landfill 

Truck 

Trailer 1 

Truck 

Trailer 2 

Diesel at 

Refinery 

1 

Diesel at 

Refinery 

2 

Abiotic 

Depletion (ADP 

elements) [kg 

Sb-Equiv.] 
1.28E-03 2.64E-04 8.81 E-04 1.34 E-04 4.17 E-06 - - 9.4E-09 2.68E-07 

Abiotic 

Depletion (ADP 

fossil) [MJ] 
1.13E+05 2.81E+04 8.01 E+04 4.48 E+03 307 - - 11.8 338 

Acidification 

Potential (AP) 

[kg SO2-Equiv.] 
51 32.2 16.5 2.02 0.0594 5.93E-03 0.17 

1.02E-

03 0.0291 

Eutrophication 

Potential (EP) 

[kg Phosphate-

Equiv.] 
3.05 1.54 1.27 0.137 0.0588 1.56E-03 0.0446 

5.01E-

05 1.43E-03 
Freshwater 

Aquatic 

Ecotoxicity Pot. 

(FAETP inf.) 

[kg DCB-

Equiv.] 17.8 6.76 10.5 0.446 0.0987 1.19E-05 3.41E-04 

2.14E-

03 0.0612 
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Global 

Warming 

Potential (GWP 

100 years) [kg 

CO2-Equiv.] 6.43E+03 2.81E+03 3.25 E+03 324 21.7 0.738 21.1 0.133 3.8 
Global 

Warming 

Potential (GWP 

100 years), excl 

biogenic carbon 

[kg CO2-Equiv.] 6.35E+03 2.75E+03 3.23 E+03 323 21.8 0.701 20 0.133 3.81 

Human Toxicity 

Potential (HTP 

inf.) [kg DCB-

Equiv.] 
1.35E+03 908 390 52.9 0.705 8.65E-03 0.247 0.022 0.63 

Marine Aquatic 

Ecotoxicity Pot. 

(MAETP inf.) 

[kg DCB-

Equiv.] 5.68E+06 4.04E+08 1.41 E+06 2.21 E+05 2.12 E+03 2.38E-06 6.81E-05 41.9 1.20E+03 
Ozone Layer 

Depletion 

Potential (ODP, 

steady state) [kg 

R11-Equiv.] 9.12E-08 5.99 E-08 2.54 E-08 5.05 E-09 8.03 E-10 - - 

5.45E-

13 1.56E-11 
Photochem. 

Ozone Creation 

Potential 

(POCP) [kg 

Ethene-Equiv.] 2.97 1.53 1.4 0.123 7.72 E-03 -3.03E-03 3.89E-05 

1.26E-

04 3.61E-03 
Terrestrial 

Ecotoxicity 

Potential (TETP 

inf.) [kg DCB-

Equiv.] 14.3 7.45 6 0.425 0.419 1.36 E-06  

1.99E-

04 5.68E-03 
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Table A.2: Impact Indicator Individualistic (I) ReCiPe 1.08, December 2013 

 

 

Quantity in ReCiPe 1.08 (I) 
Cradle to 

Grave 

2 stage 

Preform 
Polymerisation R-PET 

Plastic 

waste on 

landfill 

Truck 

Trailer 1 

Truck 

Trailer 2 

Diesel at 

Refinery 

Diesel at 

Refinery 

ReCiPe 1.08 Endpoint (I) - Agricultural 

land occupation [species.yr] 

3.02E-06 2.14E-06 7.51E-07 1.22E-07 3.56E-09   2.43E-11 6.94E-10 

ReCiPe 1.08 Endpoint (I) - Climate 

change Ecosystems, default, excl 

biogenic carbon [species.yr] 

5.49E-05 2.30E-05 2.87E-05 2.75E-06 2.10E-07 5.56E-09 1.59E-07 1.43E-09 4.10E-08 

ReCiPe 1.08 Endpoint (I) - Climate 

change Ecosystems, incl biogenic 

carbon [species.yr] 

5.56E-05 2.36E-05 2.88E-05 2.76E-06 2.10E-07 5.85E-09 1.67E-07 1.43E-09 4.09E-08 

ReCiPe 1.08 Endpoint (I) - Climate 

change Human Health, default, excl 

biogenic carbon [DALY] 

0.00824 0.00346 0.0043 0.000413 3.15E-05 8.34E-07 2.38E-05 2.15E-07 6.15E-06 

ReCiPe 1.08 Endpoint (I) - Climate 

change Human Health, incl biogenic 

carbon [DALY] 

0.00834 0.00354 0.00432 0.000414 3.15E-05 8.78E-07 2.51E-05 2.15E-07 6.14E-06 

ReCiPe 1.08 Endpoint (I) - Fossil 

depletion [$] 

139.235822 34.5 98.4 5.5 0.377   0.0145 0.415 

ReCiPe 1.08 Endpoint (I) - Freshwater 

ecotoxicity [species.yr] 

2.24E-09 1.28E-09 5.57E-10 3.35E-11 3.67E-10 1.16E-19 3.30E-18 3.77E-14 1.08E-12 

ReCiPe 1.08 Endpoint (I) - Freshwater 

eutrophication [species.yr] 

1.59E-09 5.97E-10 2.13E-10 1.59E-11 7.63E-10   8.29E-15 2.37E-13 

ReCiPe 1.08 Endpoint (I) - Human 

toxicity [DALY] 

0.000309455 0.000125 6.54E-05 4.41E-06 0.000114 2.48E-12 7.07E-11 1.04E-09 2.96E-08 

ReCiPe 1.08 Endpoint (I) - Ionising 

radiation [DALY] 

1.22E-07 7.90E-08 3.41E-08 7.63E-09 1.36E-09   7.11E-13 2.03E-11 

ReCiPe 1.08 Endpoint (I) - Marine 

ecotoxicity [species.yr] 

2.62E-10 1.26E-10 1.09E-10 6.90E-12 2.04E-11 6.19E-19 1.77E-17 1.48E-14 4.22E-13 

ReCiPe 1.08 Endpoint (I) - Metal 

depletion [$] 

0.762653423 0.392 0.304 0.0305 0.0357   1.12E-05 0.00032 
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ReCiPe 1.08 Endpoint (I) - Ozone 

depletion [DALY] 

3.81E-11 2.49E-11 1.08E-11 2.10E-12 3.34E-13   2.26E-16 6.47E-15 

ReCiPe 1.08 Endpoint (I) - Particulate 

matter formation [DALY] 

0.00438791 0.00273 0.00144 0.000177 3.29E-05 6.96E-08 1.99E-06 7.00E-08 2.00E-06 

ReCiPe 1.08 Endpoint (I) - 

Photochemical oxidant formation 

[DALY] 

9.77E-07 4.88E-07 4.40E-07 4.49E-08 2.00E-09 3.40E-11 9.70E-10 2.21E-11 6.30E-10 

ReCiPe 1.08 Endpoint (I) - Terrestrial 

acidification [species.yr] 

6.58E-08 4.13E-08 2.17E-08 2.63E-09 7.74E-11 4.41E-13 1.26E-11 1.32E-12 3.77E-11 

ReCiPe 1.08 Endpoint (I) - Terrestrial 

ecotoxicity [species.yr] 

3.09E-07 2.13E-08 1.04E-08 1.11E-09 2.77E-07 5.78E-17 1.65E-15 3.31E-13 9.45E-12 

ReCiPe 1.08 Midpoint (I) - Agricultural 

land occupation [m2a] 

182.0249256 129 45.3 7.36 0.215   0.00147 0.0419 

ReCiPe 1.08 Midpoint (I) - Climate 

change, default, excl biogenic carbon 

[kg CO2-Equiv.] 

6920.251484 2.91E+03 3.62E+03 347 26.5 0.701 20 0.181 5.16 

ReCiPe 1.08 Midpoint (I) - Climate 

change, incl biogenic carbon [kg CO2-

Equiv.] 

7006.936044 2.97E+03 3.63E+03 348 26.4 0.738 21.1 0.18 5.16 

ReCiPe 1.08 Midpoint (I) - Fossil 

depletion [kg oil eq] 

2700.332372 670 1.91E+03 107 7.31   0.281 8.04 

ReCiPe 1.08 Midpoint (I) - Freshwater 

ecotoxicity [kg 1,4-DB eq] 

2.595586946 1.48 0.648 0.0389 0.426 1.32E-10 3.77E-09 4.46E-05 0.00127 

ReCiPe 1.08 Midpoint (I) - Freshwater 

eutrophication [kg P eq] 

0.055162206 0.0239 0.0128 0.00113 0.0173   1.70E-06 4.87E-05 

ReCiPe 1.08 Midpoint (I) - Human 

toxicity [kg 1,4-DB eq] 

445.3613131 180 93.9 6.33 165 3.55E-06 0.000101 0.00149 0.0425 

ReCiPe 1.08 Midpoint (I) - Ionising 

radiation [kg U235 eq] 

7.457936614 4.82 2.08 0.466 0.0832   4.34E-05 0.00124 

ReCiPe 1.08 Midpoint (I) - Marine 

ecotoxicity [kg 1,4-DB eq] 

1.845785592 0.829 0.847 0.0463 0.12 3.47E-09 9.90E-08 0.000135 0.00386 

ReCiPe 1.08 Midpoint (I) - Marine 

eutrophication [kg N-Equiv.] 

0.934101976 0.477 0.398 0.0415 0.00267 0.000468 0.0134 1.72E-05 0.000491 

ReCiPe 1.08 Midpoint (I) - Metal 

depletion [kg Fe eq] 

10.66788618 5.49 4.25 0.427 0.499 - - 0.000157 0.00448 

ReCiPe 1.08 Midpoint (I) - Ozone 9.17E-08 5.99E-08 2.59E-08 5.05E-09 8.03E-10 - - 5.45E-13 1.56E-11 
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depletion [kg CFC-11 eq] 

ReCiPe 1.08 Midpoint (I) - Particulate 

matter formation [kg PM10 eq] 

16.87657706 10.5 5.54 0.68 0.127 0.000268 0.00764 0.000269 0.00769 

ReCiPe 1.08 Midpoint (I) - 

Photochemical oxidant formation [kg 

NMVOC] 

25.04162883 12.5 11.3 1.15 0.0514 0.000871 0.0249 0.000566 0.0162 

ReCiPe 1.08 Midpoint (I) - Terrestrial 

acidification [kg SO2 eq] 

43.32597101 27.2 14.3 1.73 0.051 0.000291 0.00831 0.00087 0.0249 

ReCiPe 1.08 Midpoint (I) - Terrestrial 

ecotoxicity [kg 1,4-DB eq] 

2.016330324 0.142 0.0688 0.00738 1.8 3.88E-10 1.11E-08 2.19E-06 6.26E-05 

ReCiPe 1.08 Midpoint (I) - Water 

depletion [m3] 

18080.19293 1.28E+04 4.53E+03 753 23.6   0.119 3.39 
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Appendix E: Comparison of 180 mL PET and Glass container 

 
Sr. No Parameter PET (Current 

Study) 

Glass (AIGMF 

Report) 

1 Acidification Potential (AP) [kg 

SO2-Equiv.] 

0.57 E-03 1.2E-03 

2 Eutrophication Potential (EP) 

[kg Phosphate-Equiv.] 

3.3 E-05 9.4E-05 

3 Global Warming Potential 

(GWP 100 years) [kg CO2-

Equiv.] 

0.0526 1.6E-01 

4 Human Toxicity Potential (HTP 

inf.) [kg DCB-Equiv.] 

15.36 E-03 3.4E-02 

5 Photochem. Ozone Creation 

Potential (POCP) [kg Ethene-

Equiv.] 

2.8 E-05 4.7E-05 

6 Terrestric Ecotoxicity Potential 

(TETP inf.) [kg DCB-Equiv.] 

1.7 E-04 4.2E-04 

  


