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Introduction 

One of the greatest challenges faced by 

our society is to reduce its greenhouse 

gas emissions to ensure that we do not 

have climactic changes leading to disas-

trous consequences. Meeting the targets 

set in the Paris Agreement of 2015 

requires a transition into a low carbon 

economy based on renewable energy 

and new economic and business models, 

but also new material solutions to 

reduce even further our society’s carbon 

footprint. Therefore, a life cycle 

perspective is necessary so that possible 

trade-offs between a lower climate 

change impact and other impact catego-

ries are accounted for and managed. 

Braskem, driven by its purpose to 

develop sustainable solutions that make 

people’s lives better, has developed the 

I’m green™ PE, a material with a nega-

tive carbon footprint which has a huge 

potential contribution for a low carbon 

economy. The idea of producing a bio-

based Polyethylene from sugarcane 

ethanol was developed, from the very 

beginning, based on a preliminary Life 

Cycle Assessment (LCA) with project data 

which showed that the Green PE would 

be a more sustainable alternative. In 

2012 another study updated the LCA 

numbers to better reflect real plant 

operation data. 

In 2013 a major update of the Ecoinvent 

database, which was used to assess 

background processes, suggested that 

another update was needed. Braskem 

started the update process in 2015 

including these database changes and 

several optimizations in the Green 

Ethylene production facility. In addition, 

during 2016 Braskem collected new data 

from their ethanol suppliers. 

This update has been divided in two 

steps so that we could also isolate the 

effects of the Code of Conduct for 

ethanol suppliers in the overall sustain-

ability of the I’m green™ PE. 

This summary report shows these up-

dated results. 

Goal and Scope 

The main goal of this LCA is to provide 

information and life cycle inventory 

datasets for the product system of the 

I’m green™ Polyethylene. The target 

audience is represented by Braskem’s 

clients and end consumers as well as 

other stakeholders interested in these 

results. 

The study will also serve as basis for 

development of specific communication 

material highlighting the main benefits 

and trade-offs of the I’m green™ PE 

when compared to “business as usual” 

fossil-based PE. 

This updated LCA was carried out to 

understand the main changes related to 

improvements in the agricultural stages 

and ethanol production and considers 

High Density Polyethylene (HDPE) pro-

duction as the base case scenario, 

although most of the conclusion can be 

also extended to Low Density Poly-

ethylene (LDPE) and Linear low-density 

polyethylene (LLDPE) productions as 

well. 

This assessment encompasses two 

product systems: HDPE from renewable 

agricultural resources (sugarcane 

derived ethanol) and HDPE from fossil 

resources. The study focuses on the 

polymer life cycle until its bulk 

production; the processing of this plastic 

and the end of life scenario are not con-

sidered. Since both products have 

identical technical properties, this 

assumption does not compromise the 

quality of the assessment. 

The product systems function has been 

expanded to include both the production 

of HDPE and electricity so as to avoid 

allocation between these co-products as 

recommended by ISO 14044. The 

functional unit has been set to 1 kg of 

HDPE and 0.942 kWh of electricity, which 

is the average amount of electricity co-

generated together with 1 kg of I’m 

green™ PE. Figure 1 shows a summary of 

these definitions. 
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Fig. 1: Comparison characteristics of the study 

High Density Polyethylene Production 

Function 
To produce High Density Polyethylene (slurry polymerization) in Brazil, 
in the year of 2015, from sugarcane or from petroleum derivatives, 
under identical technical specifications for processing. 

Functional Unit 
To Produce 1 kg of High Density Polyethylene (slurry polymerization) 
in Brazil, in the year of 2015, from sugarcane or from petroleum 
derivatives, under identical technical specifications for processing. 

Reference Flow - 1 kg of Green HDPE (slurry polymerization) 
- 1 kg of Fossil HDPE (slurry polymerization) 
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Descriptions of the Product Systems 

I’m green™ PE life cycle begins with 

sugarcane plantation, cultivation and 

harvesting. The sugarcane is then trans-

ported by trucks to the mills where it is 

crushed to produce both sugar and 

ethanol. The bagasse resulting from 

sugarcane crushing is used to produce 

steam which supplies the mill’s need for 

heat and electricity. The surplus 

electricity is sold to the Brazilian inte-

grated electrical system to supply the 

operational margin of this system. 

The ethanol is then transported by rail (a 

small amount can also be delivered by 

truck) to the Braskem facilities in 

Triunfo, Brazil, where it will be de-

hydrated to produce ethylene. This 

ethylene is then polymerized to produce 

the I’m green™ PE. 

The Fossil PE life cycle begins with oil 

extraction and refining. Naphtha, which 

is one of the derivatives produced in the 

refineries, is transported by ducts to the 

petrochemical complexes where it will 

be cracked to produce ethylene and 

many co-products. The ethylene is then 

polymerized to produce PE. Since there 

is no surplus electricity generated in this 

system, it is assumed that the surplus 

electricity will be supplied by a thermo-

electric power plant, making both 

product systems comparable. 

Life Cycle Inventories 

A summary of the data sources and 

reference year of the data used can be 

found in Table 1. 

Main Assumptions 

 Sugarcane agricultural expansion was 

considered to happen over degraded 

pasture. Therefore, there is carbon 

stock variation that leads to a carbon 

fixation in soil. It is a consensus that 

this carbon fixation should be 

considered over a 20 years period; 

 Soil carbon stock variation were 

based on a previous study conducted 

by [e4Tech 2013] pointing to a CO2 

fixation for 1 kg of HDPE around 

1.35 kg CO2/HDPE kg, value then used 

to reflect Land Use Change impacts on 

Climate Change; 

 Filter cake and vinasse were 

considered in the study, but as they 

are reinserted in the agricultural 

stage as fertilizers, these byproducts 

are not represented in the model; 

 Braskem’s Supliers Code of Conduct 

explicitly states that sugarcane 

suppliers under contract cannot use 

harvest-burning techniques. How-

ever, there are still criminal and un-

intentional field fires which statistics 

are closely followed by Braskem’s 

suppliers and were accounted for in 

this study; 

 The bioelectricity generated from 

bagasse is set to replace natural gas 

based thermal electricity from the 

national grid, a sensitivity scenario 

was carried out considering the 

average marginal generation 

(comprised of more carbon intensive 

feedstocks); 

 Data from Ecoinvent v3.1 was 

adapted according to Brazilian condi-

tions regarding electricity matrix and 

transport; 

 For agricultural machinery and 

transport vehicles, only diesel (from 

Ecoinvent v3.1) was considered, with 

its emissions; 

 Although the scope of the study 

(cradle to gate) excludes end-of-life 

of whatever application of Green PE 

or Fossil PE, this end-of-life (EOL) 

scenario would be identical for both 

fossil and Green thus preserving the 

difference in GHG emissions between 

these two alternatives.  

 The feedstock energy (energy 

embedded in the raw materials) was 

not considered for both alternatives. 

Green PE is set to serve worldwide 

raw material market and, for this 

reason, feedstock energy can or 

cannot be “released” depending on 

local scenarios and specific model 

Tab. 1 Summary of the data sources and reference year of the data used 

 Aspect Data Source Base Year Annotations 
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Sugarcane 

Braskem & ACV Brasil] 2015-2016 

Primary data 
connected to 
ecoinvent v3.1.  
Refer to Appendix C – 
Description of data 
used Ethanol 

Trash and Bagasse 
burning emissions 

Braskem / E4Tech / LCA works 
based on several sources 
presented on [Murphy 2013] 

2006-2009 

Secondary data 
connected to 
ecoinvent v3.1.  
Refer to Appendix C – 
Description of data 
used 

Bagasse burning 
emissions 

Braskem & ACV Brasil based on 
[Murphy 2013] for data gaps 

2009-2016 

Primary data 
connected to 
ecoinvent v3.1.  
Refer to Appendix C – 
Description of data 
used 

Petroleum & Naphtha ecoinvent v3.1 dataset 1980-2003 

Secondary data 
connected to 
ecoinvent v3.1.  
Refer to Appendix C – 
Description of data 
used 
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Green Ethylene 

Braskem & ACV Brasil 

2011-2015 

Primary data 
connected to 
ecoinvent v3.1.  
Refer to Appendix C – 
Description of data 
used 

Fossil Ethylene 

P
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 Green HDPE 
Braskem / E4Tech / LCA works / 
ACV Brasil based on [Murphy 
2013] 

Fossil HDPE 
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conditions. In markets, like Brazil, 

where energy recovery as EOL is not 

available leads to double counting the 

feedstock as it would be accounted as 

a fossil resource and again as energy. 

Therefore, feedstock energy is not 

accounted for in neither case. A sensi-

tivity analysis was considered un-

necessary, as any EOL scenario would 

affect both alternatives in the same 

way. 

The following limitations are high-

lighted: 

 For situations in which Brazilian data 

is not available and bearing in mind 

the low level of national inventories, 

data from other countries with similar 

technology and energy mix are used; 

 For any data gap in the product 

systems, Ecoinvent was used; 

 The assessment is performed only on 

the product systems described; other 

aspects, like management or infra-

structure of companies are not 

assessed; 

 Long-term characterization factors 

are not present in the foreground 

level of the model, due to their high 

related uncertainty. 

 The input of rain water is not included 

in the model. 

Life Cycle Impact Assessment Method 

The LCIA method used in this study has 

been compiled by ACV Brasil together 

with ifeu (Institut für Energie- und Um-

weltforschung), a German consulting 

company in 2012 and has been kept up-

to-date with few major interventions to 

keep the methods for each 

impact category consistent 

with the latest develop-

ments. This method 

covers: Abiotic Depletion, 

Climate Change, Acidi-

fication, Eutrophication, 

Ozone Depletion, Respira-

tory Inorganics, Photo-

chemical Oxidation, Water 

Use, Land Use, Ecotoxicity  

Human Toxicity1, and Cumulative Energy 

Demand. 

This compilation is a mix of renowned 

methods like CML, USETox, ReCiPe and 

IPCC. 

Results 

Table 2 shows the environmental profile 

for I’m green™ PE. 

Figure 2 shows the relative impacts 

between I’m green™ PE and fossil HDPE. 

Table 3 shows a contribution analysis for 

Climate Change impact category: 

1Due to the high uncertainty associated with the Impact Categories of Human Toxicity and Ecotoxicity, we recommend they are NOT used for 
decision making. Impact potentials for these two categories are reported for transparency sake. 

Tab. 2 The environmental profile for I’m green™ PE 

Impact category Unit Green PE Fossil PE 

Climate Change kg CO2 eq -3.09 E+00 1.86E+00 

Ozone Depletion kg CFC-11 eq 4.07 E-05 2.12E-06 

Respiratory Inorganics kg PM2.5 eq 1.64 E-03 1.03E-03 

Photochemical Ozone Formation kg C2H4 eq 1.95 E-03 7.96E-04 

Acidification kg SO2 1.31 E-02 1.19E-02 

Resource Depletion, water m3 4.91 E-02 1.07E-02 

Land use m2a 5.18 E+00 4.61E-02 

Resource Consumption kg Sb eq -1.72 E-03 4.00E-02 

Ecotoxicity CTUe 4.44 E-01 8.57E-01 

Eutrophication kg PO4
3- eq 1.27 E-02 1.03E-03 

Human Toxicity CTUh 3.35 E-07 5.46E-08 

Cumulative Energy Demand MJ 2.27 E+00 9.07E+01 

 

Fig. 2: the relative impacts between I’m green™ PE and 
fossil HDPE 

Tab. 3 a contribution analysis for Climate Change impact category 

kg CO2 e/kg 

Sugarcane Growing 

Agricultural Operations 0,91 

Land Use Change Credits -1,10 

CO2 Uptake -3,14 

 -3,33 

Ethanol Production 

Ethanol Production 0,03 

Bagasse Burning 0,16 

Electricity Cogeneration Credits -1,17 

 -0,98 

I'm green™ PE 

Ethanol Transport 0,46 

Industrial Operations (Ethylene and PE) 0,76 

 1,22 

  -3,09 
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