%gé' ‘3;%

[# IISREM

?gﬁ International Journal of Scientific Research in Engineering and Management (I[JSREM)

w Volume: 09 Issue: 02 | Feb - 2025

SJIF Rating: 8.448

ISSN: 2582-3930

A Study on Water Purifiers Using Charcoal from Coconut Shells

Dr Satyajeet nanda,R Rishitha,Rakshana s,Rishika Agrawal,Rashmika T S, Ravishankar R,Reeda

Abstract

Access to clean and safe drinking water is essential
for human health and well-being. However, rapid
industrialization, agricultural runoff, and improper
waste disposal have significantly contributed to
water contamination, posing serious health risks.
Traditional water purification methods, such as
chemical treatments and reverse osmosis, can be
expensive, require high energy consumption, and
produce harmful byproducts.

This study explores the potential of using activated
charcoal derived from coconut shells as a
sustainable and cost-effective water purification
method. Coconut shell charcoal is known for its
high porosity, large surface area, and superior
adsorption properties, making it an effective
medium for removing contaminants such as heavy
metals, bacteria, pesticides, and organic pollutants
from water. The research aims to analyze the
adsorption capacity, purification efficiency, and
economic feasibility of coconut shell-based
charcoal compared to conventional filtration
methods.

By utilizing an abundant agricultural byproduct, this
study highlights an environmentally friendly and
low-cost solution for improving water quality,
particularly in rural and underdeveloped regions.
The findings of this research could contribute to the
development of affordable and sustainable water
purification technologies, promoting better public
health and environmental conservation.

Introduction

Water pollution is a major environmental challenge
affecting  millions of people
Contaminants such as heavy metals, bacteria,

worldwide.

pesticides, and industrial chemicals enter water
sources, leading to severe health hazards, including
waterborne diseases, organ damage, and long-term
toxic effects. While modern purification techniques
like UV filtration and membrane technology
provide effective solutions, they often require high
energy input and maintenance costs, limiting their
accessibility in  rural and
disadvantaged areas.

economically

Coconut shell-based activated charcoal presents a
promising alternative for water purification due to
its high adsorption efficiency, natural availability,
and low environmental impact. Coconut shells, a
byproduct of the coconut industry, are often
discarded as waste or used for fuel. However, their
conversion into activated charcoal through
controlled pyrolysis significantly enhances their
porous structure, increasing their capacity to trap
and remove impurities from water.

This research investigates the effectiveness of
coconut shell charcoal as a filtration medium,
analyzing its adsorption capacity for various
pollutants, durability, and reusability. Additionally,
the study examines the environmental and economic
benefits of adopting this method on a larger scale. If
proven effective, this approach could provide an
affordable and sustainable solution for water
purification, particularly for communities with
limited access to safe drinking water.

Literature review
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1) Global water scarcity continues to pose a critical
challenge, driving the need for sustainable water
purification solutions. Solar desalination has
emerged as a promising approach due to its reliance
on renewable solar energy and minimal
environmental impact. This study systematically
reviews and synthesizes findings from a
comprehensive set of 100 peer-reviewed articles to
evaluate advancements in solar desalination
technologies, including solar stills, photovoltaic-
powered reverse osmosis (PV-RO) systems, hybrid
solar desalination, and the application of
nanotechnology. The review highlights significant
progress in improving the efficiency, scalability, and
cost-effectiveness of these systems, particularly
through innovations such as multi-stage designs,
advanced membrane materials, energy recovery
devices, and the integration of phase change
materials (PCMs) for thermal storage. Additionally,
the incorporation of nanomaterials has proven
effective in enhancing thermal conductivity and
reducing fouling, thereby optimizing water output
and system longevity. Findings also reveal the
substantial ~environmental benefits of solar
desalination, which can reduce the carbon footprint
of water production by up to 70%, aligning with the
United Nations Sustainable Development Goals
(SDGs) related to clean water access and climate
action. However, challenges remain, particularly
concerning the initial capital costs and the need for
further technological advancements to achieve
widespread adoption. This review underscores the
critical role of continued research, innovation, and
supportive policies in scaling solar desalination
technologies as a sustainable solution to global
water scarcity.

Islam, Md. R., Abid, A.-A., Islam, M. M., & Hasan,
M. M. (2024). Sustainable Water Purification
Techniques: A Review of  Solar-Based

Desalination Methods. 1(01), 59—
83. https://doi.org/10.70937/faet.v1101.11

2) Water pollution has become a serious threat to our

ecosystem. Water contamination due to human,
commercial, and industrial activities has negatively
affected the whole world. Owing to the global
demanding challenges of water pollution treatments
and achieving sustainability, membrane technology
has gained increasing research attention. Although
numerous membrane materials have been focused,
sustainable water purification membranes are most
effective for environmental needs. In this regard
sustainable, green, and recyclable polymeric and
nanocomposite membranes have been developed.
Materials fulfilling sustainable environmental
demands usually include wide-ranging polyesters,

polyamides, polysulfones, and
recyclable/biodegradable petroleum polymers plus
non-toxic solvents. Consequently, water
purification = membranes for  nanofiltration,

microfiltration, reverse osmosis, ultrafiltration, and
related filtration processes have been designed.
Sustainable polymer membranes for water
purification have been manufactured using facile
techniques. The resulting membranes have been
tested for desalination, dye removal, ion separation,
and antibacterial processes for wastewater.
Environmental sustainability studies have also
pointed towards desired life cycle assessment
results for these water purification membranes.
Recycling of water treatment membranes has been
performed by three major processes mechanical
recycling, chemical recycling, or thermal recycling.
Moreover, use of sustainable membranes has caused
positive environmental impacts for safe wastewater
treatment. Importantly, the worth of sustainable
water purification membranes has been analyzed for
environmentally  friendly = water purification
applications. There is a vast scope of developing and
investigating water purification membranes using
countless sustainable polymers, materials, and
nanomaterials. Hence, the value of sustainable
membranes has been analyzed to meet the global
demands and challenges to attain future clean water
and ecosystem.
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Kausar, A. (2024). Sustainable membrane
technology for water purification—Manufacturing,
recycling and environmental impacts. Journal of
Polymer Science and Engineering, 7(1), 5976.
https://doi.org/10.24294/ipse.v7i1.5976

Freshwater scarcity, intensified by global
population growth and climate change, poses a
significant challenge to sustainable development by
increasing the demand for clean
Advancements in water purification technologies
are therefore essential. Reverse-osmosis systems are

widely used for drinking water purification, but their

water.

core component, the reverse-osmosis membrane, is
prone to contamination. This contamination reduces
system efficiency and shortens membrane lifespan,
creating operational challenges. This study
introduces a smart wastewater valve designed to
optimize the cleaning cycles of reverse-osmosis
membranes, enhancing both system performance
and sustainability. The wvalve integrates a total
dissolved solid sensor and a microcontroller,
enabling real-time cleaning strategies based on
wastewater solid levels and the duration of
purification cycles. Testing on a water purification
system demonstrates that the smart valve increases
desalination rates, reduces membrane fouling, and
extends membrane lifespan by approximately 33%.
As a result, it significantly reduces water waste
while maintaining high water quality, offering a

cost-effective and  environmentally friendly
solution. These findings contribute to the
advancement of efficient water purification

technologies, addressing critical economic and
environmental challenges associated with water
management. By enhancing the
sustainability and performance of reverse-osmosis
systems, the smart wastewater valve presents a

resource

viable approach to mitigating freshwater scarcity
and supporting sustainable development goals.

Ma, M., Xing, K., Mei, L., Dai, J., Ji, J., Zhang, Y.,
Liao, L., & Huang, B. (2024). Development of a
Smart

4)

5)

Wastewater Valve to Optimize Reverse-Osmosis
Membrane-Cleaning Cycles for Enhanced Water
Purification Efficiency. Processes, 12(12), 2865.
https://doi.org/10.3390/pr12122865

Water Purification is an essential process for
ensuring access to clean and safe drinking water,
which is critical for human health and well-being.
Drinking water must meet strict quality standards to
ensure it is safe for human consumption. There are
several methods of water purification like chemical
treatment, distillation etc. The availability of safe
drinking water can also have a significant impact on
economic development as it can reduce healthcare
costs and improve productivity by reducing the
incidence of waterborne illnesses. The proposed
method utilizes biomaterials to filter contaminants.
The proposed bio water filter was tested with
various levels of contamination and was found to
purify the water well within the acceptable limits of
150 ppm and the pH level is also close to 7.

S, M., Saikeerthika, K., Anjum, N., Tabassum, N., &
D., G. (2024). Purification of Water with
Sustainable Biomaterials. 180-185.
https://doi.org/10.1109/icwite59797.2024.1050253
8

The research project focuses on addressing the
household water crisis in Bangladesh by utilizing
abundant water sources and energy resources. It
involves developing and implementing a solar-
powered distillation and activated carbon treatment
system. By harnessing solar energy and local
resources, the system effectively treats highly saline
water bodies and arsenic-contaminated Tube-wells,
mitigating the adverse effects of salinity and arsenic
contamination in water sources. The project aims to
provide clean and safe drinking water to households
facing water scarcity and contamination. The study
highlights the system's ability to remove pollutants,
heavy metals, bacteria, and salinity,
addressing the immediate needs of affected
By utilizing abundant

viruses,

communities. energy
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resources and producing activated carbon locally,
the project promotes resource optimization and
sustainability. Additionally, the research findings
indicate the system's versatility in treating various
polluted water sources, demonstrating its potential
for scalability and widespread adoption beyond
This
solution has the potential to revolutionize water
purification techniques and offer a sustainable
remedy for global water-related challenges. The
successful implementation of solar-powered
distillation and activated carbon treatment systems
has significant implications for the
household water crisis in Bangladesh. By utilizing
abundant resources, both in terms of water sources
and energy, the project provides a practical and
efficient approach to addressing water scarcity and
contamination.

arsenic-contaminated sources. Innovative

solving

Sikder, A. K., & Mumit, S. H. (2024). Eco-Friendly
and Cost-Effective Water Purification for Highly
Polluted and Saline Sources Using Solar Powered
Distillation and Activated Carbon.
https://doi.ore/10.33774/coe-2024-ztkpb

Water is essential for life, yet millions lack access to
clean drinking water. Low-cost treatment methods
are crucial to ensure equitable access to safe water
and prevent waterborne diseases in underserved
communities. The study devised a 12-liter water
filter utilizing pebbles, sand, and adsorbents biochar
of Julifora, cashew nutshell and rice husk. Results
demonstrated the filter's effectiveness in sustaining
pH levels while reducing chloride, fluoride,
hardness and alkalinity. Particularly noteworthy was
the capacity of cashew nut biochar to efficiently
adsorb chloride, fluoride, hardness and alkalinity as
27%, 37%, 38% and 43% respectively. This
indicates its promising role as an absorbent for water
purification. The findings underscore the potential
of the designed filter in improving drinking water
quality by mitigating contaminants. Further
refinement and optimization of the filter could
enhance its efficacy in meeting stringent water

7)

quality standards, addressing the pressing need for
accessible and safe drinking water globally.
Ebenezer, A. V., & Roy, A. (2024). Low-Cost Water
Purification: Harnessing Adsorbents for Sustainable
Treatment Solutions. International Journal of
Innovative Research in Advanced Engineering,
11(05), 611—

615. https://doi.org/10.26562/ijirae.2024.v1105.25

Effective household wastewater management is
crucial for environmental sustainability and public
health, especially in areas with limited advanced
treatment infrastructure. This study explores the use
of activated charcoal as a cost-effective and efficient
method for treating household wastewater. Known
for its high adsorption capacity, activated charcoal
was evaluated for its ability to remove key
contaminants from wastewater collected from
residential sources such as kitchens, bathrooms, and
laundry areas. The research utilized both batch
adsorption tests and column filtration experiments.
In the batch tests, wastewater samples were treated
with varying doses of activated charcoal (2, 5, 10,
and 15 g/L) over different contact times (30 minutes
to 4 hours). The results showed that activated
charcoal effectively reduced Total Suspended Solids
(TSS), Chemical Oxygen Demand (COD), and
Biological Oxygen Demand (BOD), with average
reductions of 75%, 65%, and 70%, respectively.
Additionally, activated charcoal demonstrated
significant effectiveness in removing heavy metals
and organic compounds, with removal efficiencies
ranging from 60% to 80% depending on the
contaminant type and operational conditions. The
optimal treatment conditions were found to be a
dosage of 10 g/LL and a contact time of 2 hours.
Future research could focus on optimizing
regeneration processes and exploring hybrid
systems that combine activated charcoal with other
treatment  technologies to further enhance
performance.

Yadav, S., Khan, F.,, & Rathore, K. (2024).
Household Wastewater Treatment using Activated
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Charcoal: An Effective and Sustainable Approach.
International ~ Journal for  Multidisciplinary
Research, 6(5).
https://doi.org/10.36948/11fmr.2024.v06105.27282

Urbanization in China has led to a significant
increase in surface water pollution, posing a threat
to the health and safety of residents and hindering
sustainable economic development. Individual
traditional methods have been used to purify
polluted water, including the use of bamboo-derived
activated charcoal, microbial material, and zero-
valent iron. However, these methods have been
found to have certain limitations. This study
investigates the effects of an activated charcoal
material combined with beneficial microbes and
chelated nano-iron in removing nitrates. The
experiments were conducted at various scales,
including a bench-scale study, and studies of a small
river, sewage plant tailwater, and artificially
constructed wetlands. The microbes used included
Bacillus spp., Lactobacillus spp., and yeasts. During
the fermentation process, nano-scale iron powder
was added, resulting in the formation of bivalent
iron ions under anaerobic conditions. These ions
were subsequently chelated by organic acids.
Bambooderived activated charcoal was then soaked
in the fermented liquid, allowing the microbes,
chelated iron ions, and organic acids to infiltrate the
pores of the activated charcoal. This activated
charcoal material, containing microbes and chelated
iron ions, demonstrated effective nitrate removal in
laboratory experiments and sewage plant tailwater
treatment, and water purification in wetlands and
rivers. It is important to note that this research solely
focused on the removal of nitrates, and further
studies are required to confirm its effectiveness in
other aspects of water purification.

Xu, H., Cai, R., Kong, M., Ye, T., Gu, J., & Liu, X.
(2023). Water Purification Using Active Charcoal
with Microbes and Chelated Iron Soaked into Its
Micropores. Sustainability.
https://doi.org/10.3390/sul152416727

9) A comprehensive evaluation was carried out aiming

to address water quality issues in Villaverde, Nueva
Vizcaya. The research focused on designing and
appraising a Biochar-Based Water Treatment
System. This review was performed hoping to meet
the urgent need for supplying potable water free of
contaminants, especially during periods of elevated
murkiness caused by heavy precipitation. The
foundation of the system relies on utilizing biochar,
specifically crafted from coconut husks. This
biochar is renowned for its remarkable absorptive
properties. A treatment system with a flow rate of
250 mL per minute was built using a systematic
design process. The efficacy of this system
underwent thorough testing, including examining
both physical traits and bacteriological integrity.
Findings revealed a statistically significant
enhancement in water transparency and reduction of
microbiological dangers, notably when flow rates
were lower. Economic assessments, like breakeven
analysis and Benefit-to-Cost ratio, further
substantiated the system's feasibility. Over 48
months, it is anticipated the system will recoup
initial setup expenses and ongoing operational costs,
thus offering a viable and cost-effective choice for
the community. Results indicate the Biochar-Based
Water Treatment System has the ability to supply
safe drinking water and provides substantial
economic benefits. This system embodies a crucial
advancement towards achieving sustainable water
management in the Villaverde municipality.

Rodolfo, J. S., & Nebrida, A. P. (2024). A Biochar-
Based Water Treatment System for Barangay
Sawmill,Villaverde, Nueva Vizcaya. International
Journal of Multidisciplinary.
https://doi.org/10.11594/ijmaber.05.10.14

10) For environmental sustainability and to achieve

sustainable development goals (SDGs), drinking
water treatment must be done at a reasonable cost
with minimal environmental impact. Therefore,
treating contaminated drinking water requires
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materials and approaches that are inexpensive,
produced locally, and effortlessly. Hence, locally
available materials and their derivatives, such as
biochar (BC) and activated carbon (AC) were
investigated thoroughly. Several researchers and
their findings show that the application of locally
accessible materials and their derivatives are
capable of the adsorptive removal of organic and
inorganic contaminants from drinking water. The
application of locally available materials such as
lignocellulosic materials/waste and its thermo-
chemically derived products, including BC and AC
were found effective in the treatment of
contaminated drinking water. Thus, this review aims
to thoroughly examine the latest developments in
the use of locally accessible feedstocks for tailoring
BC and AC, as well as their features and
applications in the treatment of drinking water. We
attempted to explain facts related to the potential
mechanisms of BC and AC, such as complexation,
co-precipitation, electrostatic interaction, and ion
exchange to treat water, thereby achieving a risk-
free remediation approach to polluted water.
Additionally, this research offers guidance on
creating efficient household treatment units based
on the health risks associated with customized
adsorbents and cost-benefit analyses. Lastly, this
review discusses the current obstacles for using
locally accessible materials and their thermo-
chemically produced by-products to purify drinking
water, as well as the necessity for technological
interventions.

Nidheesh, P. V., Kumar, M., Venkateshwara, G.,
Ambika, S., Bhaskar, S., & Ghosh, P. (2024).
Conversion of locally available materials to biochar
and activated carbon for drinking water treatment.
Chemosphere, 141566.
https://doi.ore/10.1016/j.chemosphere.2024.14156
6

Research gap

Challenges in Adoption of Bio-Based Filtration
Methods

¢ Biomaterial-based filters, including biochar
and natural adsorbents, show high efficacy,
but there is a lack of studies on their long-
term performance, regeneration cycles, and
scalability for continuous water treatment.

e The impact of different biochar feedstocks
on adsorption efficiency and contaminant
removal mechanisms requires further
investigation.

Sustainability and Lifecycle Assessment of Water
Purification Technologies

e There is limited research on the complete
life cycle assessment (LCA) of solar
desalination, membrane filtration, and
biochar-based purification systems to
quantify their long-term environmental and
economic impacts.

e Recycling methods for water treatment
membranes need further exploration to
enhance sustainability and reduce waste
accumulation.

Optimization of Charcoal Activation Methods

e Different activation methods (chemical,
physical, and biological) influence the pore
structure and adsorption efficiency, but more
research is needed to determine the most
effective and eco-friendly activation
techniques.

e Studies comparing the effectiveness of
various activation agents and processing
temperatures are limited.

Removal Efficiency for Emerging Contaminants
e While charcoal is known for removing
organic pollutants, heavy metals, and basic
contaminants, limited research exists on its
effectiveness in removing pharmaceuticals,
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microplastics, pesticides, and endocrine-
disrupting compounds.

e More studies are needed on the mechanisms
through which charcoal adsorbs or interacts
with these emerging pollutants.

Hybrid and
Filtration Systems

Composite  Charcoal-Based

e The integration of activated charcoal with
other filtration materials, such as
nanomaterials, bio-based adsorbents, or
membrane filters, remains underexplored.

e Research is needed on how composite
filtration systems can enhance purification
efficiency and target multiple contaminants
simultaneously.

Problem Statement

Access to clean and safe drinking water is a
fundamental human right, yet millions of people
worldwide, particularly in rural and underdeveloped
regions, face severe water contamination issues.
Industrial waste, agricultural runoff, and improper
waste disposal have led to high levels of pollutants
such as heavy metals, bacteria, pesticides, and
organic  contaminants in  water
Conventional water purification methods, including
chemical treatments and reverse osmosis, are often

sources.

expensive, energy-intensive, and produce harmful
byproducts, making them inaccessible to low-
income communities.

Activated charcoal derived from coconut shells
presents a promising, cost-effective, and
environmentally sustainable alternative for water
purification. However, there is limited research on
its comparative efficiency, adsorption capacity, and
economic feasibility against conventional filtration
techniques. This study aims to bridge this gap by
evaluating the effectiveness of coconut shell-based
charcoal as a water purification medium,

particularly in addressing contamination issues in
resource-limited settings.

Objectives of the Study

1. To assess the adsorption efficiency of
coconut shell-based activated charcoal in
removing contaminants such as heavy
metals, bacteria, pesticides, and organic
pollutants from water.

2. To compare the purification performance of
coconut shell charcoal with conventional
filtration methods in terms of cost,
efficiency, and sustainability.

3. To analyze the economic feasibility of using
coconut shell charcoal as a low-cost
alternative for water purification, especially
in rural and underdeveloped areas.

4. To evaluate the environmental benefits of
utilizing coconut shell waste for water
purification, promoting waste recycling and
sustainability.

5. To explore the durability and reusability of
coconut shell-based activated charcoal in
long-term water filtration applications.

6. To recommend practical implementation
strategies for incorporating coconut shell
charcoal-based  filtration  in  water
purification systems for households and
communities.

Scope of the Study

The study seeks to investigate the efficiency of
activated charcoal from coconut shells as a
sustainable and affordable option for water
purification. The scope of the study cuts across
several dimensions, including environmental,
economic, and technological:
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Environmental Scope:

e Encourages recycling of waste through the
use of used coconut shells as a product with
added value.

e Decreases reliance on chemical-based
purification systems that can create harmful
byproducts.

e Supports green  water  purification
technologies with low carbon intensity.

Technological Scope:

o Tests the efficiency of coconut shell charcoal
in the removal of heavy metals, bacteria,
pesticides, and organic impurities.

e Analyzes the influence of activation
techniques on pore morphology, surface
area, and adsorption capacity.

e [Estimates the charcoal filter system's
robustness, regenerability, and durability
over extended periods of operation.

Economic Scope:

e Analyzes the economic viability of coconut
shell-based charcoal versus traditional
filtration methods.

e Examines the affordability and scalability of
the water purification system, especially for
rural and underdeveloped communities.

Social Scope:

e Meets the demand for safe drinking water in
areas with limited access to modern
purification systems.

e Promotes community-based solutions by
advocating household-level water filtration
techniques.

e Although the study is mainly concerned with
laboratory-based testing and analysis, it also
takes into account possible real-world
applications for households, community

water projects, and small-scale industrial
purposes.

Research Methodology

This study employs an experimental and
comparative research method to assess the
effectiveness of coconut shell-activated charcoal for
water purification. The research process involves
the following major steps:

i.  Raw Material Collection and Preparation:

e (Gathering wasted coconut shells from local
sources.

e C(leaning and drying the shells to eliminate
impurities and moisture content.

e Exposing the dried shells to controlled
pyrolysis  (carbonization) at elevated
temperatures to obtain raw charcoal.

e Activation of the charcoal through physical
(steam) or chemical (acid/base) means to
increase porosity and surface area.

ii.  Characterization of Activated Charcoal:

e Testing the physical and chemical
characteristics of the activated charcoal,
such as surface area, pore size distribution,
and adsorption capacity.

e Performing proximate and ultimate analysis
to analyze carbon content, ash content, and
moisture content.

ili.  Water Sample Collection and Preparation:

e Sample collection of contaminated water

from different sources, such as industrial

runoff, agricultural runoff, and domestic
wastewater.

e Testing the parameters of the baseline

conditions, such as pH, turbidity, total
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dissolved solids concentration, heavy metal
content, and bacterial load.

iv.  Filtration Experiment:

e Preparation of a filtration system using
coconut shell-based activated carbon as the
primary filtration medium.

e Providing contaminated water for passage
through the filtration setup under controlled
flow rates and conditions.

e Collecting purified water samples for post-
filtration analysis.

v.  Performance Evaluation:

e Analysis of purified water samples based on
relevant key parameters, such as pH balance,
turbidity reduction, removal of heavy
metals, and reduction of bacterial load.

e Comparing the output against traditional
filtration systems (e.g., activated carbon
filters, reverse osmosis).

e Measuring the adsorption capacity,
breakthrough time, and regeneration
potential of the charcoal after several cycles
of filtration.

vi.  Economic and Environmental Analysis:

e Estimating the cost of producing coconut
shell charcoal, including raw material
procurement, processing, and filtration
arrangement.

e Performing a life cycle assessment (LCA) to
assess the environmental implication of the
proposed filtration system.

vii.  Data Analysis and Interpretation:

e Applying  statistical  software  and
instruments (e.g., Excel, SPSS) to process
experimental data.

e Presenting results in terms of efficiency of
purification, cost-effectiveness, and
sustainability.

Analysis

Access to clean drinking water is a major concern in
India, especially in rural areas where traditional
filtration methods may not be affordable. Many
Indian households rely on groundwater, which is
often contaminated with heavy metals, pesticides,
and bacteria. While commercial water purifiers are
available, they can be expensive. A sustainable and
cost-effective alternative is the use of charcoal
derived from coconut shells, which is widely
available in India due to its vast coconut farming
industry. This study analyzes the effectiveness of
coconut shell charcoal as a filtration medium from
an Indian perspective.

Analysis of Coconut Shell Charcoal as a Water
Purifier

Coconut shell charcoal is produced through
pyrolysis, a process that involves heating the shells
in a low-oxygen environment to create activated
carbon with a highly porous structure. India, being
one of the largest producers of coconuts, has an
abundant supply of coconut shells, making this
method highly sustainable and economically viable.

Mechanisms of Filtration

1. Adsorption: Heavy metals (such as arsenic and
fluoride, common in Indian groundwater), chlorine,
and organic contaminants adhere to the surface of
the charcoal.

2. Physical Filtration: The microporous structure
traps sediment, suspended solids, and some bacteria.

3. Chemical Neutralization: Harmful chemicals,
such as chlorine and industrial pollutants, react with
the activated carbon, making the water safer for
consumption.
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Findings

To evaluate the efficiency of coconut shell charcoal
as a water purifier, multiple water samples from

Indian

villages and urban slums were tested for

turbidity, heavy metal content, bacterial load, and
pH balance before and after filtration.

Reduction in Turbidity

Heavy

Before Filtration: Water samples from
Indian rivers and lakes had turbidity levels
ranging from 50 to 150 NTU
(Nephelometric Turbidity Units) due to high
sediment content.

After Filtration: Turbidity levels reduced
significantly to 5 to 20 NTU, indicating a 70-
95% reduction in suspended particles.

Metal Adsorption Efficiency

Fluoride (F) concentration: Reduced from
1.5-3 mg/L to 0.5-1 mg/L (~65-80%
reduction), addressing fluoride
contamination in states like Rajasthan and
Andhra Pradesh.

Arsenic (As) concentration: Reduced from
0.05-0.2 mg/L to 0.01-0.05 mg/L (~75-80%
reduction), which is crucial for states like
West Bengal and Bihar.

Lead (Pb) concentration: Reduced from
0.1-0.5 mg/L to 0.02-0.08 mg/L (~70-85%
reduction), commonly found in industrial
areas.

Iron (Fe) concentration: Reduced from
0.3-1.2 mg/L to 0.1-0.4 mg/L, making water
clearer and better tasting, particularly in
regions with high iron contamination.

Bacterial Reduction

Initial Bacterial Count: 2000-10,000
CFU/mL (Colony Forming Units per
milliliter) in untreated water from Indian
villages.

After Filtration: Reduced to 500-1500
CFU/mL, indicating a 50-80% decrease in
bacterial contamination.

While filtration improves water quality,
boiling or UV exposure is recommended for
complete bacterial removal.

PH Balance and Taste Improvement

pH Levels: Maintained between 6.8 and 8.2,
ensuring water remains safe for drinking,
particularly in areas with acidic or alkaline
water sources.

Taste and Odor: Removal of chlorine, iron,
and organic matter resulted in improved
taste and odor, which is beneficial for urban
households using municipal water supplies.

Reduction in Pesticide Residue: Filtration
showed significant removal of pesticide
traces, which is important in agricultural
regions where groundwater is contaminated
with chemical fertilizers and pesticides.

Cost-Effectiveness and Sustainability in India

Coconut shell charcoal is a low-cost alternative to
commercial filtration systems, making it ideal for
economically weaker sections of Indian society.

Cost Comparison in Indian Market:

Filter Type

Cost Effectiveness

per

Lifespan
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Unit

(INR)
Commercial | 1500- | 3-6 High
Activated 4000 | months
Carbon
Filter
Coconut 150- | 2-6 High
Shell 500 months
Charcoal
Filter

e Locally produced coconut shell charcoal
provides employment opportunities for
small-scale industries and rural

entrepreneurs.

e Reduces dependence on costly imported
filtration technology, making clean water
more accessible.

e Environmentally friendly, as it repurposes
agricultural waste, reducing carbon footprint
and deforestation.

e Can be integrated with existing filtration
systems, making it a versatile option for
urban and rural households alike.

Results

Coconut shell charcoal effectively reduces turbidity,
removes heavy metals (fluoride, arsenic, lead, iron),
and improves taste, making it a viable filtration
method in India.

It is a cost-effective, eco-friendly alternative to
expensive water filters, making it suitable for rural
households, urban slums, and small businesses.

Further development of portable, low-cost filtration
units could make this technology more accessible to
Indian rural communities.

Combining this filtration method with boiling or UV
treatment will ensure completely safe drinking
water, addressing India's major water crisis.

Government and NGO involvement can help in
mass production and distribution of these filters to
areas facing acute water shortages.

Research on enhancing bacterial removal efficiency
to make coconut shell charcoal more effective.

Mass production and government support for rural
distribution, particularly in states facing severe
water quality issues.

Integration with hand-pump and borewell systems
for decentralized water purification in villages.

Implementation of awareness campaigns to educate
rural populations on the benefits of using coconut
shell charcoal filtration.

Development of a hybrid filtration system
combining coconut shell charcoal with other natural
materials like sand and gravel for enhanced
purification.

This study highlights the potential of coconut shell
charcoal as an effective, sustainable, and affordable
water purification solution for India.

Recommendations

To maximize the effectiveness of coconut shell
charcoal (CSC) filtration, efforts should be directed
toward large-scale implementation. Research
should focus on identifying regions with the highest
water contamination levels and determining the best
ways to integrate CSC-based filtration into existing
water purification infrastructures. Governments and
private sector investors should collaborate to fund
mass production, ensuring affordability and
availability.
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Many communities, especially in rural areas, are
unaware of affordable and sustainable water
purification methods. Awareness campaigns should
be conducted in collaboration with NGOs, local
governments, and international environmental
organizations to educate people about the benefits of
CSC-based filtration.  Additionally, training
programs should be introduced to teach local
artisans and entrepreneurs how to manufacture,
install, and maintain these filtration systems.

While CSC is highly effective, its adsorption
properties can be enhanced through further research.
Advanced activation techniques such as steam
activation, acid washing, or chemical impregnation
could improve the adsorption efficiency of CSC,
allowing it to filter out even more contaminants like
bacteria, heavy metals, and pesticides. Research
institutions should work on developing high-
performance CSC filters that require minimal
maintenance  while maximizing purification
capacity.

CSC filtration, when combined with other
purification techniques like ultraviolet (UV)
treatment or reverse osmosis (RO), can provide a
more robust and effective purification system. A
multi-stage filtration approach using CSC as a pre-
filter can extend the life of other filters, reducing
costs and increasing efficiency. Further studies
should evaluate the feasibility of integrating CSC
with existing household and industrial water
purification methods.

Coconut shells are an abundant byproduct of the
coconut industry, making CSC an environmentally
friendly and sustainable resource. Encouraging
local production of CSC filters in coconut-
producing regions can create employment
opportunities, boost local economies, and contribute
to waste reduction. Government incentives for small
and medium-sized enterprises (SMEs) engaged in
the production of CSC-based filtration units can
promote widespread adoption and economic
sustainability.

Conclusion

The use of coconut shell charcoal in water
purification  represents a  groundbreaking
advancement in sustainable water treatment. Its
ability to remove contaminants while being cost-
effective and environmentally friendly makes it an
ideal solution, particularly for underserved
communities. By leveraging locally available
materials, CSC filtration can reduce dependency on
expensive and chemically intensive purification
methods.

The research emphasizes that CSC's high adsorption
capacity enables it to effectively remove heavy
metals, pesticides, chlorine, and organic pollutants,
making it a reliable water purification medium.
Moreover, its biodegradability and ease of
production provide additional advantages over
synthetic filtration media.

To ensure widespread adoption, coordinated efforts
are required across multiple sectors, including
government, industry, and academia. Policies
supporting research and development, financial
investments in large-scale production, and
community-based initiatives will be critical in
ensuring the long-term success of CSC water
purification systems.

By integrating CSC technology with other
purification methods, addressing scalability
challenges, and promoting community awareness,
we can take significant steps toward providing clean
and safe drinking water to all. This initiative has the
potential to enhance public health, foster economic
development, and contribute to global sustainability
goals.

References:

© 2025, IJSREM | www.ijsrem.com

| Page 12


http://www.ijsrem.com/

@&I ‘35
gam ?
e-Journal

SJIF Rating: 8.448

International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 09 Issue: 02 | Feb - 2025

ISSN: 2582-3930

Ahmad, M. A., Alrozi, R., & Idris, M. 1. (2021).
Development and characterization of coconut shell-
based activated carbon for water treatment
applications. Journal of Environmental Chemical
Engineering, 9(1), 104914.
https://doi.org/10.1016/j.jece.2020.104914
Bhatnagar, A., Sillanpdi, M., & Witek-Krowiak, A.
(2015). Agricultural waste peels as versatile
biomass for water purification—A review.
Chemical Engineering Journal, 270, 244-271.
https://doi.org/10.1016/j.cej.2015.01.135

Carbon Bulk Sales. (n.d.). Use of coconut shell
activated charcoal for water purification. Retrieved
from https://carbonbulksales.com

Foo, K. Y., & Hameed, B. H. (2011). Preparation
and characterization of activated carbon from
pistachio nut shells
chemical activation. Biomass and Bioenergy, 35(7),
3257-3261.
https://doi.org/10.1016/j.biombioe.2011.04.001
Gupta, V. K., & Nayak, A. (2012). Adsorption of
heavy metals: Recent trends and challenges. Journal

via microwave-induced

of Environmental Chemical Engineering, 1(3),339—
357. https://doi.org/10.1016/j.jece.2013.06.024
Home Water. (n.d.). Coconut carbon: The complete
guide. Retrieved from https://www.homewater.com
IMARC Group. (2024). India water purifier market
report 2024-2032: Industry trends. Retrieved from
https://www.linkedin.com

IsoPure Water. (n.d.). Bulk coconut shell water filter
- G@Granular activated carbon. Retrieved from
https://www.isopurewater.com

Journal of Research. (n.d.). Significance of coconut
shell activated carbon as a water purifier. Retrieved
from
https://www.journal4research.org/Article.php?man
uscript=J4RV217004&utm_source

Kaur, S., Rani, S., & Mahajan, R. (2018).
Performance evaluation of coconut shell activated

carbon for removal of contaminants from water.
Desalination and Water Treatment, 112, 308-317.
https://doi.org/10.5004/dwt.2018.22908

Keiken Engineering. (2019). What are the
advantages of using activated carbon made from
coconut shell? Retrieved from https://www.keiken-
engineering.com/news/what-are-the-advantages-of-
using-activated-carbon-made-from-coconut-shell

MicBac India. (n.d.). The benefits of using coconut
shell activated carbon for water filtration process.
Retrieved from https://micbacindia.com

MicBac India. (n.d.). Significance of coconut shell
activated carbon as a water purifier. Retrieved from
https://micbacindia.com/blog/significance-of-
coconut-shell-activated-carbon-as-water-purifier/
Mohammed, S., Al-Ghouti, M. A., & Al-Eswadi, A.
(2019). Influence of activation methods on coconut
shell-based activated carbon for water purification.

Journal of Water Process Engineering, 28, 120—
128. https://doi.org/10.1016/].jwpe.2019.02.014
Nunes, T. P., Andrade, H. M., & de Souza, F. S.
(2020). Sustainable water purification using biochar
derived from coconut shells: An experimental study.
Environmental Technology <& Innovation, 19,
100872. https://doi.org/10.1016/].€t1.2020.100872
Onwuka, I. M., Madubuike, C. N., & Chilakpu, K.
0. (2018). Eftectiveness of coconut shell activated
carbon filter material produced under various

carbonization and activation conditions.
International Journal of Advances in Scientific
Research and Engineering, 4(6), 68—74. Retrieved
from

https://www.researchgate.net/publication/32615186
4 Effectiveness_of Coconut Shell Activated Car
bon_Filter Material Produced Under Various_Ca

rbonization_and_Activation_Conditions

Oriental Journal of Chemistry. (n.d.). Preparation
and characterization of activated carbon from
coconut shell doped TiO: in water solution.
Retrieved from
https://www.orientjchem.org/vol3 1no4/preparation
-and-characterization-of-activated-carbon-from-
coconut-shell-doped-tio2-in-water-solution/
Owoyemi, O., & Sangodoyin, A. (2022).
Comparative study of activated coconut shell
charcoal and conventional filters for household

© 2025, IJSREM | www.ijsrem.com

| Page 13


http://www.ijsrem.com/
https://doi.org/10.1016/j.jece.2020.104914
https://doi.org/10.1016/j.cej.2015.01.135
https://carbonbulksales.com/
https://doi.org/10.1016/j.biombioe.2011.04.001
https://doi.org/10.1016/j.jece.2013.06.024
https://www.homewater.com/
https://www.linkedin.com/
https://www.isopurewater.com/
https://www.journal4research.org/Article.php?manuscript=J4RV2I7004&utm_source
https://www.journal4research.org/Article.php?manuscript=J4RV2I7004&utm_source
https://doi.org/10.5004/dwt.2018.22908
https://www.keiken-engineering.com/news/what-are-the-advantages-of-using-activated-carbon-made-from-coconut-shell
https://www.keiken-engineering.com/news/what-are-the-advantages-of-using-activated-carbon-made-from-coconut-shell
https://www.keiken-engineering.com/news/what-are-the-advantages-of-using-activated-carbon-made-from-coconut-shell
https://micbacindia.com/
https://micbacindia.com/blog/significance-of-coconut-shell-activated-carbon-as-water-purifier/
https://micbacindia.com/blog/significance-of-coconut-shell-activated-carbon-as-water-purifier/
https://doi.org/10.1016/j.jwpe.2019.02.014
https://doi.org/10.1016/j.eti.2020.100872
https://www.researchgate.net/publication/326151864_Effectiveness_of_Coconut_Shell_Activated_Carbon_Filter_Material_Produced_Under_Various_Carbonization_and_Activation_Conditions
https://www.researchgate.net/publication/326151864_Effectiveness_of_Coconut_Shell_Activated_Carbon_Filter_Material_Produced_Under_Various_Carbonization_and_Activation_Conditions
https://www.researchgate.net/publication/326151864_Effectiveness_of_Coconut_Shell_Activated_Carbon_Filter_Material_Produced_Under_Various_Carbonization_and_Activation_Conditions
https://www.researchgate.net/publication/326151864_Effectiveness_of_Coconut_Shell_Activated_Carbon_Filter_Material_Produced_Under_Various_Carbonization_and_Activation_Conditions
https://www.orientjchem.org/vol31no4/preparation-and-characterization-of-activated-carbon-from-coconut-shell-doped-tio2-in-water-solution/
https://www.orientjchem.org/vol31no4/preparation-and-characterization-of-activated-carbon-from-coconut-shell-doped-tio2-in-water-solution/
https://www.orientjchem.org/vol31no4/preparation-and-characterization-of-activated-carbon-from-coconut-shell-doped-tio2-in-water-solution/

e-Journal

27 3y
%g“ﬁ International Journal of Scientific Research in Engineering and Management (I[JSREM)
w Volume: 09 Issue: 02 | Feb - 2025 SJIF Rating: 8.448 ISSN: 2582-3930

water treatment. Water Supply, 22(4), 4100—4114.
https://doi.org/10.2166/ws.2022.154

e Suhartini, S., Hadiyanto, H., & Sutanto, H. (2021).
Eftectiveness of coconut shell activated carbon for

decreasing water salinity. AIP  Conference
Proceedings, 2543(1), 030010.
https://pubs.aip.org/aip/acp/article/2543/1/030010/
2829179/Effectiveness-of-coconut-shell-activated-
carbon

e Tan, . A. W.,, Ahmad, A. L., & Hameed, B. H.
(2008). Preparation of activated carbon from

coconut shell: Optimization study on removal of
2,4,6-trichlorophenol using response surface
methodology. Journal of Hazardous Materials,
153(1-2), 709-717.
https://doi.org/10.1016/j.jhazmat.2007.09.014

e Thanh Cong Craft. (n.d.). Coconut shell carbon
water filter benefits compared to others. Retrieved
from https://thanhcongcraft.com

e Verma, R., & Prasad, M. (2020). Evaluation of
coconut shell-derived activated carbon for

sustainable water purification. Environmental
Science and Pollution Research, 27(2), 1328—1340.
https://doi.org/10.1007/s11356-019-07064-4

e Yadav, M., & Kumar, S. (2023). Sustainable water
filtration using agricultural waste-based biochar: A

review of recent advancements. Journal of Cleaner
Production, 396, 136433.
https://doi.org/10.1016/].jclepro.2023.136433

© 2025, IJSREM | www.ijsrem.com | Page 14



http://www.ijsrem.com/
https://doi.org/10.2166/ws.2022.154
https://pubs.aip.org/aip/acp/article/2543/1/030010/2829179/Effectiveness-of-coconut-shell-activated-carbon
https://pubs.aip.org/aip/acp/article/2543/1/030010/2829179/Effectiveness-of-coconut-shell-activated-carbon
https://pubs.aip.org/aip/acp/article/2543/1/030010/2829179/Effectiveness-of-coconut-shell-activated-carbon
https://doi.org/10.1016/j.jhazmat.2007.09.014
https://thanhcongcraft.com/
https://doi.org/10.1007/s11356-019-07064-4
https://doi.org/10.1016/j.jclepro.2023.136433

