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ABSTRACT

This research paper explores the environmental
sustainability of ionic liguid-based green solvents in the
extraction and purification of natural plant products, with
a focus on their entire life cycle. The objectives of the
study were to assess the environmental impact of ionic
liquid synthesis, energy consumption, water usage,
emissions, recycling rates, policy effects, and stakeholder
perceptions.  Methodologically, we conducted a
comprehensive Life Cycle Assessment (LCA) that
Involved primary data collection through field surveys and
Interviews with key stakeholders in the ionic liquid
production and usage industry across various regions in
India. The data were analyzed using specialized LCA
software tools to quantify environmental impacts.

Key findings include the identification of synthesis as a
major contributor to environmental impact, emphasizing
the need for greener synthesis methods. The study
revealed the significant carbon footprint, energy
consumption, and water wusage during production,
highlighting opportunities for improvement. Emissions
data underscored the importance of emission control
measures, particularly for greenhouse gases and volatile
organic compounds. Recycling and reuse were identified
as environmentally friendly disposal methods. Policy
compliance varied among stakeholders, indicating room
for stricter regulations. Stakeholder perceptions varied,
with researchers having the most positive outlook.
Implications of the findings extend to sustainable
chemistry  practices, emphasizing interdisciplinary
collaboration and the importance of considering the entire
life cycle of chemical processes.

INTRODUCTION

»The quest for sustainable and environmentally
friendly solvents has led to significant advancements
In the field of green chemistry. lonic liquids (ILs), a
class of organic salts with melting points below 100
°C, have emerged as a promising alternative to
conventional organic solvents.

» Their unique properties, such as negligible vapor
pressure, high thermal stability, and tunable solvation,
make them ideal candidates for various applications,
Including the extraction and purification of natural

plant products

RESULTS AND ANALYSIS

Location of Data Collection

RESEARCH METHODOLOGY

Aspect Details
Environmental Life Cycle

Research Design Assessment (LCA)

Data Source Primary Data Collection
through Field Surveys

Various regions in India

Surveys and Interviews with
Stakeholders in the lonic
Liquid Production and Usage
Industry

Data Collection Method

6 months (June 2023 to Dec

Data Collection Period 2023)

50 participants (including
Industry representatives,
researchers, and policymakers)

Sample Size

Life Cycle Assessment

Data Analysis Tool Software (SimaPro, GaBi)

Table 1. Environmental Impact of lonic Liquid
Synthesis (Carbon Footprint)

Energy Consumption in lonic Liquid Synthesis
(MWNh)

Carbon Footprint

(kg CO2eq)

Process Stage

Raw Material Extraction 120
lonic Liquid Synthesis 350
Transportation 50
Application in Extraction 80
Disposal/Recycling 10
Total 610

This table presents the carbon footprint associated
with different stages of ionic liquid production,
highlighting the highest impact stage as synthesis.

Emissions during lonic Liquid Synthesis (kg CO2eq)

Emissions g cozeq)

b

Greenhouse Gas (GHG)

= Volatile Organic Compounds (VOCs)
Particulate Matter (PM) = Nitrogen Oxides (NOXx)

Sulfur Oxides (SOx)

This Pie-chart breaks down the emissions during the
synthesis of ionic liquids, highlighting key pollutants
such as GHGs and VOC:s.
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Table 2: Water Usage in lonic Liquid Synthesis (M3)

This Pie-chart illustrates the energy consumption at
various stages of ionic liquid production, with
synthesis being the most energy-intensive phase.

Process Stage Water Usage (M3
Raw Material Extraction 150

lonic Liquid Synthesis 300

Transportation 40
Application In
Extraction 60

Disposal/Recycling 5

Total 555

This table provides data on water consumption
during different stages of ionic liquid
manufacturing, emphasizing the importance of
reducing water use during synthesis.

Table 3: Environmental Policy Impact on lonic Liquid

Table 4: lonic Liguid Disposal Methods

Industry
Industry
Policy Measure Compliance (%)
Mandatory  Emission  Reduction
Targets 70
Water Usage Restrictions 60
Subsidies for Green Practices 85

Environmental Impact (kg CO2eq)

Incineration = Landfill Recycling mReuse

where policy measures have been effective.

This table assesses the impact of environmental policies on
the compliance of the ionic liguid industry, indicating areas

This table outlines the environmental impact
associated with various disposal methods for used
lonic liquids, emphasizing the benefits of recycling
and reuse.

Implications and Significance of Findings

Conclusions
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The study significantly contributes to filling the literature gap by providing a comprehensive
assessment of the environmental sustainability of ionic liquid-based green solvents in India. The
findings offer valuable insights into the environmental impact of ionic liquids throughout their life
cycle, enabling informed decision-making for industry stakeholders, policymakers, and researchers.
These results underscore the need for sustainable practices in ionic liquid production and emphasize
the importance of considering the entire life cycle of these solvents for a more accurate assessment
of their green credentials. Overall, this research advances the understanding of green chemistry and
sustainable practices in the extraction and purification of natural plant products using ionic liquids.
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