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ABSTRACT

Rapid urbanization and industrialization have led to a significant increase in solid waste
generation, posing substantial environmental and health challenges. Municipal solid waste
(MSW), especially food waste, contributes significantly to this issue, requiring innovative
solutions for effective management. This study investigates the possibility of converting food
waste into biodiesel, providing a dual benefit of waste reduction and renewable energy
production. Food waste samples were collected from a residential area in Thane, India and were
tested with different drying methods to improve moisture removal. The most effective method was
oven drying at 105 °C, resulting in the highest lipid extraction efficiency. Two methods for lipid
extraction were used: the Soxhlet apparatus and a sequential liquid-liquid extraction method with
methanol and a methanol-chloroform mixture as solvents. After determining the optimal solvent
ratio and extraction time to be 2:1 (solvent to food waste) and 60 minutes, respectively, the
maximum lipid yield achieved was 37.3%. The extracted lipids were analyzed using Gas
Chromatography-Mass Spectrometry (GC-MS), identifying critical fatty acids such as caproic,
lauric, myristic, palmitic, stearic, and oleic acids, indicating their suitability for biodiesel
production. Biodiesel was synthesized via acid-catalyzed transesterification and purification
through wet washing to remove impurities. The final biodiesel product was characterised using
a Gas Chromatography-Flame Ionization Detector (GC-FID) and met international standards for
biodiesel quality. This research demonstrates that food waste, a readily available and often
discarded resource, can be effectively converted into high-value biodiesel. The process addresses
waste disposal issues and contributes to generating renewable energy, thereby offering a
sustainable solution to the intertwined problems of waste management and fossil fuel
dependency. Future research should focus on scaling up the process and exploring the economic
viability of commercial biodiesel production from food waste.
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INTRODUCTION

Over the last few decades, the issue of waste
generation has escalated due to urbanisation and
industrialization, resulting in significant amounts of
waste. Solid waste encompasses materials that are in
a solid or semi-solid state. The primary categories of
solid waste include municipal solid waste (MSW),
agricultural, industrial, and hazardous waste.
Although municipal solid waste represents a small

portion of total solid waste, it receives more
attention because its management directly impacts
people and the environment (Goel, 2008). In 2002,
global solid waste generation reached 12 billion
tonnes, with MSW generation accounting for 1.6
billion tonnes. According to a study by the World
Bank, worldwide MSW generation may increase
from 1.3 billion tons per year in 2012 to 2.2 billion
tons per year in 2025 (World Bank, 2012). The
average MSW waste generation in India in 2015 was
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700 tons daily (Pandey et al., 2016). Urbanisation,
industrialization, and economic development in
developing cities and countries have led to
significant quantities and varied compositions of
MSW. This situation has become a primary concern
for government agencies, pollution control entities,
and the public in most developing countries (Glawe
et al., 2005; Erdogan et al., 2008).

The municipal solid waste we produce contains a
significant amount of food waste. Kitchens in
residential societies, restaurants, hostels, canteens,
and food and meat processing industries generate
billions of gallons of food waste. According to the
national waste report of Australia in 2008, food
waste comprised around one-third of municipal
solid waste (MSW) and one-fifth of commercial and
industrial waste streams. 2008 Australia alone
generated 7.5 million tonnes of food waste (Mason et
al., 2011). A Hong Kong Environment Bureau report
stated that 9,000 tons of MSW are discarded daily in
landfills, with 40% of it being putrescible.
Approximately 90% of this putrescible waste is food
waste (Karmee and Lin, 2014). Developed countries
like Taipei and Seoul produce 182,000 tons per year
and 767,000 tons per year of food waste,
respectively. In the characterization of municipal
solid waste, India has the highest proportion of food
waste (31.9%) compared to other types of waste,
such as plastic, textile, paper, glass, cardboard, ash,
leather, and metal waste (Srivastava et al., 2014).

Every day, billions of gallons of food waste
generated from various sources are collected and
discarded in open areas or dumped in landfills
without proper disposal techniques in countries like
India. Landfill disposal has led to local nuisances
and pollution, affecting human health with issues
such as foul odours, air pollution, and leaching
(Karmee and Lin, 2014). Food waste adversely
affects the climate, water bodies, land, and
biodiversity, producing harmful gases like carbon
dioxide and greenhouse gases (Karmee and Lin,
2014). Landfill disposal also requires significant
space, posing a problem for metropolitan cities due
to land disputes. Proper food waste management is
a crucial step in addressing the aforementioned
problems.

Recycling food waste is essential to address the
issues of volume reduction and maintenance
(Karmee, 2016). There is an urgent need to recycle
and reuse food waste generated from different sites,
often collected and improperly disposed of in open
areas or landfills (Karmee and Lin, 2014). Food

waste can be used for composting. For instance, in
Korea, the Pusan metropolitan city has effectively
used microorganisms (EM) to compost food waste
in recent years. Biodegradable waste reduction
techniques like this help to prevent putrefaction and
reduce the offensive odour produced by food waste
disposal while also improving the anti-oxidant
capability and fertility of the soil (EM Research
Organization, 1995; Higa, 1996).

Food waste can also be used as yellow grease for
diesel fuel engines. In the United States, restaurants
provide food waste for fuel production (Saillant,
2003). By using anaerobic digesters, food waste is
converted into energy. This digester uses a series of
processing stages where small organisms break
down biomass into methane gas that can further be
used to power electric generators (Gracia, 2011).
Food wastes can also be valorised for energy
production using standard techniques such as
composting, recycling and incineration (Karmee and
Lin, 2014).

METHODOLOGY

Study Area and Sample Collection

Sampling Site: The study was conducted in a
residential area, Vijay Park, Thane, India. Building
number 19 was selected for sample collection due to
its high food waste generation.

Sample Collection: Approximately 3 kg of food
waste samples were collected from the selected
building during peak hours (2:00 PM and 9:30 PM)
over 20 days. The collected samples were stored in
airtight containers and transported to the laboratory
for analysis.

Food Waste Drying

Drying Methods: To optimise moisture removal, the
collected food waste samples were subjected to three
different drying methods:

e Oven Drying: Samples were dried in a hot air
oven at three different temperatures (105 °C, 70
°C, and 55 °C) for varying durations.

e Freeze Drying: Samples were freeze-dried using
an Eppendorf Centrifuge 5702 RH at -4 °C for 48
hours.

¢ Sun Drying: Samples were sun-dried at ambient
temperatures (25-30 °C) for approximately 240
hours.

The moisture content of the dried samples was
measured to determine the most effective drying
method.
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Lipid Extraction

Extraction Methods: Lipid extraction was
performed using two primary methods:

Soxhlet Extraction: Lipids were extracted using
methanol as the solvent.

Bleigh and Dyer’s Method: A methanol-chloroform
mixture (2:1) was used for lipid extraction.
Sequential liquid-liquid extraction was conducted
with an agitation speed of 450 rpm at ambient
temperature.

Optimisation of Extraction: Various ratios of food
waste to solvent (1:1, 1:2, 2:1, 1:4, 3:1, and 4:1) and
contact times (20, 40, 60, 80, and 100 minutes) were
tested to optimise lipid yield. The solvent was
recovered using a rotary evaporator at 70°C under
vacuum pressure. Extracted lipids were stored in a
desiccator overnight and weighed the next day to
determine extraction yield.

GC-MS Analysis of Lipid

Instrumental Analysis: Gas Chromatography-Mass
Spectrometry (GC-MS) analysis was conducted
using an Agilent 7820A series to identify the
presence of organic compounds in the extracted
lipids. The analysis parameters included:

Biodiesel Production

Transesterification Process: Biodiesel was
synthesised through acid-catalysed
transesterification. A known amount of lipid was

prepared in a round bottom flask. Methanol and
sulfuric acid (H,SO,) were used as reagents. The
solution was heated to 65 °C and stirred
continuously for 2-2.5 hours. The product was
transferred to a separatory funnel and left
undisturbed for 24 hours for phase separation.

Washing of Biodiesel: The biodiesel was purified
using a wet washing method. Warm distilled water
was added to the biodiesel in equal proportions and
allowed to settle for 24 hours. The purified biodiesel
was separated, and the pH was adjusted to neutral
(pH 7).

FAME Analysis

Analysis: Gas Chromatography-Flame Ionization
Detector (GC-FID) was used to analyse the fatty acid
methyl esters (FAME) in the produced biodiesel. The
analysis parameters included:

Chemical Characterization of Extraction Waste

Acid Digestion: The residue left after lipid
extraction was acid-digested using a mixture of
HNO3, HF, and H202. Samples were digested in a
Milestone microwave digester (MODEL START).

Characterisation: The digested samples were
analysed wusing an atomic absorption
spectrophotometer (AA200 Perkin Elmer) to
determine their chemical composition, assessing
potential further residue uses to minimise handling
and disposal problems.

Table 1. Instrumentation and Analytical conditions for the GC-MS system

Gas chromatograph Agilent 7820A Series

Column

Agilent 122-5532E: 1 DB. 5ms

0C° -325°C (350 °C): 30m x 250 pm x 0.25 pm
Oven temperature program 200 C° (5.6667 min), 10 °C, 310 °C (11.167 min)

Injector volume 1wl

Column flow (N,) 1 ml/min

Pressure 17.154 psi

Holdup time 1.3665 min

Inlet settlings 280 °C, split ratio: 20:1
Split flow 20 ml/min

Table 2. GC-FID program for FAME analysis

Column Agilent 122-5532E: 1 DB. 5ms
00C-325°C (350 °C): 30m x 250 pm x 0.25 pm
Oven 140 °C (5 min) to 240 C at 4 °C/min
Carrier gas Nitrogen
Determination FID
Injector 1ul, 260 °C, split 100:1

Sample

Dilute to 10 mg/ml in methylene chloride
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Summary of Methods

This study utilised various drying methods to
optimise the moisture content of food waste,
followed by lipid extraction using methanol and
methanol-chloroform mixtures. The extracted lipids
were analysed using GC-MS and converted to
biodiesel through acid-catalysed transesterification.
The biodiesel was purified and analysed for FAME
content, while the extraction residue was chemically
characterised for further use.

RESULTS AND DISCUSSION

Moisture Content and Lipid Yield

Drying Methods: The drying method significantly
influenced the moisture content of food waste
samples. Oven drying at 105 °C proved the most
effective method, resulting in a moisture content of
0.1% and the highest lipid yield of 37.3%. In
comparison, freeze drying at -4 °C achieved a
moisture content of 7.5% and a lipid yield of 13.7%,
while sun drying at ambient temperatures (25-30 °C)
yielded a moisture content of 4.6% and a lipid yield
of 16.5% (Table 1).

The superior performance of oven drying at 105
°C can be attributed to its ability to significantly
reduce the water content, which is critical for
efficient lipid extraction. Water in the food waste can
inhibit solvent penetration, thereby reducing lipid
recovery. These findings are consistent with
previous studies demonstrating that higher drying
temperatures lead to lower moisture content and
higher lipid yields (Olkiewicz et al., 2014; Willson et
al., 2010).

Optimization of Lipid Extraction

Extraction Ratios and Times: The lipid yield was
optimised using various solvent-to-food waste ratios
and extraction times. The highest lipid yield of
37.3% was achieved with a 2:1 solvent-to-food waste
ratio and an extraction time of 60 minutes. Beyond
six extraction stages, no significant increase in lipid

yield was observed, indicating equilibrium had been
reached.

A 2:1 solvent-to-food waste ratio balanced solvent
efficiency and lipid yield, making it the most
effective and economical choice. The optimized
extraction time of 60 minutes ensured maximum
lipid recovery without excessive solvent use or
extended processing time. These results align with
previous research emphasising optimising solvent
ratio and extraction time to achieve maximum lipid
yield (Karmee, 2016; Revellame et al., 2010).
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Fig. 1. Lipid extraction in different ratio of solvent: food
waste

GC-MS Analysis of Lipid

Fatty Acid Profile: GC-MS analysis identified
several vital fatty acids in the extracted lipids,
including caproic acid (C6:0), lauric acid (C12:0),
myristic acid (C14:0), palmitic acid (C16:0), stearic
acid (C17:0), and oleic acid (C18:0) (Table 2).

The presence of these fatty acids indicates the
suitability of the extracted lipids for biodiesel
production. Medium-and long-chain fatty acids,
such as those identified, enhance the fuel properties
of biodiesel, ensuring better performance and
stability. These findings corroborate previous

Table 1. Moisture Content and Lipid Yield of Food Waste Samples

S.N. Drying methods Temperature (°C) Drying (h) Moisture content % % Lipid yield
1.  Oven drying 105 24 0.1 37.3
75 48 1.5 28.8
55 72 24 254
2. Freeze drying -4 48 7.5 13.7
3. Sundrying 25-30 240 4.6 16.5
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studies that highlight the potential of food waste-
derived lipids for biodiesel production (Fahy et al.,
2005; Karmee and Lin, 2014).

Table 2. Free fatty acids identified in GC-MS of lipid

sample

S.N. Retention time Organic compounds
1. 4.070 Caproic acid (C6:0)
2. 9.191 Lauric acid (C12:0)
3. 11.181 Mystric acid (C14:0)
4. 12.595 Palmitic acid (C16:0)
5. 13.741 Stearic acid (C17:0)
6. 13.853 Oleic acid (C18:0)

Biodiesel Production and Purification

Transesterification and Washing: Biodiesel was
successfully synthesised via acid-catalysed
transesterification, followed by purification through
wet washing. This process effectively removed
impurities, producing biodiesel with a neutral pH of
7.

The acid-catalysed transesterification process
proved effective for converting food waste-derived
lipids into biodiesel, especially considering the
presence of free fatty acids, which could interfere
with base-catalysed processes. The wet washing
method efficiently removed residual catalysts,
methanol, and glycerol, ensuring the purity of the
final biodiesel product. This method is
advantageous due to its simplicity and potential for
recycling wastewater for irrigation, minimising

Table 3. Comparison of Produced Biodiesel with Standards

environmental impact (Pathak, 2015; Atadashi et al.,
2012).

FAME Analysis

Fatty Acid Methyl Esters (FAME): GC-FID analysis
confirmed the presence of various FAMEs in the
produced biodiesel, which met ASTM, European,
and Indian standards for biodiesel quality (Table 3).

The successful conversion of food waste-derived
lipids into biodiesel that meets international
standards underscores the feasibility and potential
of this approach. The FAME profile ensures good
fuel properties, including adequate viscosity, flash
point, and cetane number, which are critical for
engine performance and emissions. These results
validate food waste as a viable biodiesel production
feedstock, contributing to waste management and
renewable energy generation (Siddiquee and
Rohani, 2011; Berrios and Skelton, 2008).

Chemical Characterisation of Residue Left after
Lipid Extraction

Characterizing the residue left after lipid extraction
is crucial for identifying chemical species and
determining potential reuse techniques. This step
ensures the residues meet specified limits before
land disposal or further reuse. The results of the
chemical characterization are summarised in Table
4.

The chemical characterisation indicates that the
residue from lipid extraction can be repurposed for
agricultural and pharmaceutical uses, reducing

Property ASTM Standard European Standard Indian Standard Produced Biodiesel
Viscosity 1.9-6.0 mm?/s 3.5-5.0 mm?2/s 2.5-6.0 mm?2/s 4.5 mm?/s
Flash Point >93 °C >101 °C >100 °C 102 °C
Cetane Number >47 > 48 52

Table 4. Concentration value of different chemical parameters

S. Parameter Unit Concentration The permissible limit for plant
No. nutrients according to WHO
1. Total hardness mg/kg 830.0 -

2. pH - 6.72 6.5-8.0

3. Calcium mg/kg 22.71 -

4. Magnesium mg/kg 2.62 -

5. Copper mg/kg 0.65 10

6. Zinc mg/kg 2.35 50

7. Chromium mg/kg 0.98 1.30

8. Iron mg/kg 30.47 20

9. Nickel mg/kg 0.15 10
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waste disposal issues. Utilising these residues as
plant nutrients or for medicinal purposes supports
sustainable development and minimizes
environmental pollution.

CONCLUSION

This study successfully demonstrates the potential
of converting food waste into biodiesel, providing
an innovative solution to the dual challenges of
waste management and renewable energy
generation. The comprehensive analysis included
optimising the drying methods, lipid extraction
processes, and the subsequent transesterification
and purification of biodiesel.

Key Findings

Drying Methods: Oven drying at 105 °C was
identified as the most effective method, resulting in
the lowest moisture content and the highest lipid
yield.

Lipid Extraction:The optimal solvent-to-food waste
ratio of 2:1 and an extraction time of 60 minutes
were determined to maximise lipid yield.

GC-MS Analysis: The extracted lipids contained
critical fatty acids such as caproic, lauric, myristic,
palmitic, stearic, and oleic acids, which are suitable
for biodiesel production.

Biodiesel Production: Acid-catalysed
transesterification followed by wet washing
produced high-quality biodiesel that met
international standards for fuel quality.

Chemical Characterization of Residue: The residue
left after lipid extraction contained significant
amounts of calcium, magnesium, and other
nutrients, making it suitable for reuse in agriculture
and pharmaceuticals.

The study highlights the feasibility of using food
waste as a biodiesel production feedstock,
addressing environmental and energy issues. The
process not only reduces the volume of waste
destined for landfills but also provides a renewable
energy source. Furthermore, the chemical
characterisation of the extraction residue suggests
potential applications in agriculture as a soil
amendment and in the pharmaceutical industry,
thereby promoting a circular economy.

This research provides a promising pathway for
transforming food waste into valuable biodiesel,
contributing to sustainable waste management

practices and renewable energy production. The
findings offer significant implications for
policymakers, industry stakeholders, and
researchers aiming to develop sustainable solutions
to global waste and energy challenges.

Conflict of Interest — None
REFERENCES

Elsolh, N.E.M. 2011. The manufacture of biodiesel from
used vegetable oil. A thesis submitted to the faculty
of engineering at Kassel and Cairo Universities for
the degree of Master of Science. 12.

Faccini, C.S., Cunha, M.E., Moraes, M.S.A., Krause, L.C.,
Manique, M.C., Rodrigues, M.R.A., Benvenutti, E.V.
and Caramao, E.B. 2011 Dry washing of biodiesel
purification: a comparative study of adsorbents.
Journal of the Brazilian Chemical Society. 22(3):
558-563.

Ferraza, T.P.L., Fiu'zaa, M.C., Santosb, M.L.A., Pontes
de Carvalhoa and Soares, N.M. 2004 Comparison
of six methods for the extraction of lipids from
serum in terms of effectiveness and protein
preservation. J. Biochem. Biophys. Methods. 58
187-193.

Goel, S. 2008 Municipal solid waste management in India,
A Critical review Journal of Environmental Science
and Engineering. 50: 319-328.

Hutton, M.W. 2009. Extraction and characterization of
lipids from microalgae grown on municipal waste
water. A Master’s Thesis Presented to the Faculty
of California Polytechnic State University San Luis
Obispo.

Karmee, S.K. 2016 Liquid biofuels from food waste:
Current trends, prospect and limitation. Renewable
and Sustainable Energy Reviews. 53: 945-953.

Karmee, S.K. and Lin, C. S. K. 2014. Valorisation of food
waste to biofuel: Current trends and technological
challenges. Sustainable Chemical Processes.
2(22).

Olkiewicz, M., Caporgno, M.P., Fortuny, A., Stuber, F.,
Fabregeat, A., Font, J. and Bengoa, C. 2014. Direct
liquid-liquid extraction of lipid from municipal
sewage sludge for biodiesel production Fuel Proc.
Technol. 128: 331-338.

Pandey, S.K., Tyagi, P. and Gupta, A.K. 2007 Municipal
solid waste management in Ghazipur city- a case
study Journal of Agricultural and Biological Science.
2:41-43.

Srivastava, R., Krishna, V. and Sonkar, |. 2014
Characterization and management of municipal
solid waste: a case study of Vanaras city, India
International Journal of Current Research and
Academic Review. 2: 10-16.




