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1. INTRODUCTION

Besides the well-known health hazards of smoking, the environmental 

impacts of cigarettes are frequently disregarded. These effects can be 

mostly associated with its end-of-life (EoL) management phase of 

cigarettes. Cigarette butts (CBs) are among the most prevalent forms of 

litter in the world, with trillions of them being unscientifically disposed 

every year. The degradability of cellulose acetate filter which forms the 

major proportion of the CB, along with the toxic potential of the trapped 

contaminants from smoking (Nicotine, heavy metals, PAHs, etc.,) are the 

major causes of concern.

So, this study aims to understand the environmental impacts across the 

life cycle of cigarettes to identify the critical hotspots of concern. The 

relative environmental efficiencies of multiple EoL pathways of CBs were 

evaluated to provide targeted strategies. By highlighting the ecological 

footprint of cigarettes, we can foster more responsible consumption.

3. METHODOLOGY

Fig 1.  System boundary of the life cycle of cigarette

Fig 2. Different EoL pathways of CBs

2. OBJECTIVES
1. To conduct a comprehensive cradle-to-grave life cycle assessment 

(LCA) of cigarettes to assess environmental impacts across all the 

stages.

2. To identify the environmental burdens and critical hotspots associated 

with cigarette production and consumption.

3. To compare the environmental implications of different EoL pathways 

of CBs: littering, landfilling and incineration.

Goal and Scope

The goal of the study is to identify the environmental hotspots across the 

cigarette lifecycle – both upstream and downstream of consumption and 

to compare the environmental impacts of the three potential end-of-life 

(EoL) pathways of the CBs using a comprehensive cradle-to-grave LCA.

Life Cycle Inventory

Life cycle inventory data were collected mostly from the secondary 

sources, including published literature, official reports, Indian government 

databases and the Ecoinvent 3.10 database.

Life Cycle Impact Assessment (LCIA)

The LCA was conducted using the ReCiPe 2016 (H) methodology using 

the SimaPro v9.5.0 PhD software..

The system boundary includes all cigarette production, consumption, and 

disposal stages. Starting with upstream processes, the analysis comprises 

tobacco cultivation, curing, processing, cigarette manufacturing and 

distribution. The use phase incorporates consumer consumption. Multiple 

EoL pathways were considered: littering, landfilling and incineration in 

the cigarette downstream phase. The functional unit was defined as 1 

tonne of cigarettes produced and consumed. The geographic scope of the 

study was limited to the Indian subcontinent.

4. RESULT AND DISCUSSION

7. REFERENCES

Fig 3. Midpoint and endpoint environmental impact of a single cigarette production

A) Upstream cigarette production phase

• The midpoint LCIA revealed that HCT, FE, Feu, FRS and ME emerged 

as the most significant environmental impact categories across cigarette 

production processes. 

• Among all lifecycle stages, the manufacturing process, especially the

acetic acid use in the cellulose acétate filter production (~98%), was the 

dominant contributor to these impacts.

Fig 5. Relative endpoint impacts of CB's EoL Pathways Fig 6. Relative midpoint impacts of CB's EoL pathways

5. CONCLUSIONS

• Cellulose acetate used in filter production was identified as the environmental hotspot 

across the cigarette life cycle. Sustainable alternatives or production pathways for 

cigarette filters would reduce the overall environmental impact.

• Among, the EoL scenarios, littering emerges as the most significant environmental 

concern. Implementing targeted anti-littering measures is essential to mitigate this 

impact. Incineration and resource recovery can offset the negative impacts.
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• HCT (~96%) contributes the 

most to the phase of cigarette 

consumption due to the 

uncontrolled release of 

secondhand smoke pollutants 

during combustion.

• The endpoint single score 

indicated that human health 

was the prominent impact 

category responsible for 

99.4% of the overall impacts.

B) Cigarette consumption phase

Fig 4. Midpoint environmental impact of single 

cigarette consumption

C) Downstream phase/ EoL scenarios

6. ABBREVIATIONS

Freshwater ecotoxicity (FE), freshwater eutrophication (FEu), fine particulate matter formation (FPMF), fossil resource 

scarcity (FRS), global warming (GW), human noncarcinogenic toxicity (HNCT), human carcinogenic toxicity (HCT), 

ionizing radiation (IRAD), land use (LU), marine ecotoxicity (ME), marine eutrophication (MEu), mineral resource 

scarcity (MRS), ozone formation, human health (OF, H), ozone formation, terrestrial ecosystems (OF, T), stratospheric 

ozone depletion (SOD), terrestrial acidification (TA), terrestrial ecotoxicity (TE), and water consumption (WC).

Fig 6. Midpoint and endpoint environmental impacts of 

cigarette littering at various lifecycle phases

• While littering has the most significant midpoint effect, landfilling generates the 

highest endpoint risk to human health due to heavy metal leaching.

• The incineration of CBs creates beneficial environmental effects through heat energy

recovery, representing 

a more sustainable 

option of EoL 

management.

• The upstream phase 

depicted highest 

impact contributions 

(~99%) to the overall 

cigarette life cycle 

primarily due to the 

resource-intensive 

process, with 

cellulose acetate 

filter production 

being a significant 

contributor.
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