© 2024 JETIR July 2024, Volume 11, Issue 7 www.jetir.org (ISSN-2349-5162)

JETIR.ORG
JOURNAL OF EMERGING TECHNOLOGIES AND

INNOVATIVE RESEARCH (JETIR)

An International Schaolarly Open Access, Peer-reviewed, Refereed Journal

BLACK SOLDIER FLY BIOCONVERSION: AN
ALTERNATIVE AND ECONOMICAL
APPROCH TO MUNICIPAL ORGANIC WSTE
MANAGEMENT

'Shubham D. Ambhore, 2Amarsinh B. Landage

'Research scholar, 2Assistant professor
! Construction Management, Government College of Engineering Karad, Maharashtra, India,
2 Department of Civil Engineering, Government College of Engineering Karad, Maharashtra, India
Dist. Satara, Maharashtra, India

Abstract: Municipal finances are constantly strained by the ever-growing crisis of municipal solid waste (MSW) management.
A significant portion of MSW is organic waste, which decomposes anaerobically in landfills, generating methane, a potent
greenhouse gas that accelerates climate change. Traditional composting methods, while beneficial, often lack economic viability
due to slow processing times and space requirements. This research explores Black Soldier Fly (BSF) larvae as a potential game-
changer for municipalities seeking a cost-effective and environmentally friendly solution. BSF larvae are nature's decomposers,
known for their rapid breakdown of various organic materials. This study focuses on the economic feasibility of establishing BSF
farms specifically designed to process municipal organic waste. This aim of the research is to develop a comprehensive cost-benefit
analysis, providing municipalities with a clear picture of BSF technology's potential to transform waste management. Beyond
economic benefits, BSF farms have the potential to significantly reduce landfill methane emissions and promote a more sustainable
waste management cycle.

Index Terms - Black Soldier Fly (BSF), Organic waste management, Municipal waste reduction, Sustainable waste
management

I. INTRODUCTION

The ever-growing mountains of municipal solid waste (MSW) pose a significant environmental and economic challenge (S. et al.,
2019). A major portion of MSW comprises organic waste, which decomposes anaerobically in landfills, releasing methane, a potent
greenhouse gas that accelerates climate change (Muhammad et al., 2022). Traditional composting methods, while helpful in
diverting waste from landfills, often have limitations. These methods can be slow, requiring significant space and ongoing
maintenance (Ucu et al., 2020). This research investigates an innovative solution with the potential to be both environmentally
friendly and economically beneficial: Black Soldier Fly (BSF) larvae (Muhammad et al., 2021). These natural decomposers boast
a remarkable ability to break down a wide range of organic materials rapidly and efficiently (Irfana et al., 2022). This study focuses
on the economic viability of establishing BSF farms specifically designed to process municipal organic waste (Anni, Ismaria, &
Fanira, 2021). By exploring the costs associated with setting up and operating a BSF farm, we also evaluate the potential revenue
streams generated from valuable BSF products. These products include insect-based protein, a promising and sustainable alternative
protein source for animal feed, and frass (residue), a high-quality fertilizer that can replenish nutrients in soil (Rena et al., 2022).
Ultimately, this research has the potential to empower municipalities with a practical and profitable solution that diverts organic
waste from landfills, reduces greenhouse gas emissions, and creates a circular waste management system (Novianti & Maulidya,
2022).

Il. METHODOLOGY

This study employed a structured methodology to establish and evaluate a Black Soldier Fly (BSF) farm capable of processing 2
tons of municipal solid organic waste daily. The site selection process prioritized proximity to organic waste sources and suitability
for BSF larvae breeding (Dave, Emil, & Bayu, 2022). Site preparation involved clearing, levelling, and setting up infrastructure
such as larvae rearing bins and environmental controls. Design specifications were derived from industry best practices and
consultations with BSF farm operators (Nur et al., 2022). Installation procedures included the procurement of equipment and BSF
larvae from multiple suppliers to ensure cost-effectiveness and operational efficiency. Cost analysis encompassed initial setup costs,
including infrastructure, equipment, and procurement of larvae and feedstock (Pastapure, Singh, & Kumar, 2022). Operational
procedures were established, focusing on daily feeding schedules, monitoring larvae development, and managing waste through
composting (Listya & Khasanah, 2022). Data collection included measuring waste decomposition rates, larvae growth, and financial
metrics like revenue from selling larvae and compost (Navarro et al., 2023). The study highlights challenges faced during
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implementation and offers insights for optimizing the BSF farming process for large-scale organic waste management (Chin et al.,
2022).
The following six stages outline the process of conducting data collection and analysis for evaluating the feasibility and profitability
of the BSF farm. Each stage includes specific actions that gather the necessary data for later analysis, ensuring a complete evaluation
(Markus et al., 2022):

1. Site Visits and Consultations

Supplier Engagement

Cost Analysis

Operational Data Collection

Revenue Estimation

Profitability Calculation

o gkwn

I1l. RESEARCH ANALYSIS

In this research, a comprehensive cost analysis was conducted to establish a Black Soldier Fly (BSF) farm, focusing on evaluating
the various farm components, their quantities, and the current market values of these items. The study aimed to quantify the initial
capital investment required for the infrastructure, equipment, and operational facilities necessary for effective municipal organic
waste management using BSF larvae bioconversion. Each component necessary for the BSF farm, such as rearing containers,
breeding areas, feedstock preparation zones, and waste processing units, was identified, and their quantities were assessed based on
the scale of the operation aimed at processing 2 tons of organic waste per day. Current market values for the identified components
were gathered by sourcing price quotations from various suppliers and vendors, ensuring that the most cost-effective and durable
options were considered.

By compiling the costs of infrastructure, equipment, and operational facilities, the total initial capital investment required was
calculated. This included not only the direct costs of purchasing equipment and constructing facilities but also ancillary costs such
as transportation, installation, and initial training for personnel. Beyond the initial setup, ongoing operational costs, including
feedstock acquisition, larvae maintenance, labour, and utilities, were estimated to provide a holistic view of the financial
requirements of running the BSF farm. Additionally, the study explored the potential revenue streams from the BSF farm, such as
the sale of larvae as animal feed, compost from residue, and other by-products. This analysis aimed to highlight the economic
benefits and sustainability of the BSF bioconversion method in comparison to traditional waste management practices.

By conducting this detailed cost analysis, the research provides valuable insights into the financial feasibility of implementing BSF
technology for organic waste management. The findings serve as a practical guide for municipalities and private entities considering
the adoption of BSF larvae bioconversion as a sustainable solution for reducing organic waste, promoting environmental health,
and generating economic value.

Table 1. BSF Farm Analysis Chart

Sr.No. Item Quantity Unit Price Total Cost
(INR) (INR)
Infrastructure and Area Requirements
1 | Rearing Containers 267 square 3111.24 329,697.48
meters
2 | Waste Pre-processing 100 square 3111.24 311,124
meters
3 | Composting Area 200 square 111.24 322,248
meters
4 | Conversion Area 150 square R111.24 316,686
meters
5 | Breeding Area 53.33 3111.24 35,933.26
square
meters
6 | Administrative Area 37 square R111.24 %4,110.88
meters
7 | Storage Area 127 square 3111.24 314,133.48
meters
FENCING
(1) Fencing Costs
8 | Fencing Material 169 square | 75 per square 312,675
meters meter
9 | Fence Posts 68 posts %150 per post 310,200
10 | Chain Link Gate 1 gate 35,000 35,000
(2) Concrete and Gravel Costs
11 | Concrete 2.856 cubic 5,000 per 314,280
meters cubic meter
12 | Gravel 6.8 cubic %1,200 per 38,160
meters cubic meter
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(3) Hardware Costs
13 | Eye Bolts 204 %10 per eye bolt 32,040
14 | Bolts 204 %5 per bolt 31,020
15 | Drilling Cost 204 holes %2 per hole 3408
16 | Tie Wires 68 meters %15 per meter 31,020
17 | Gate Hardware 1 set 31,500 31,500
(4) BSF shelter
18 | Metal Beams 945 linear | X100 per linear 394,500
meters meter
19 | Metal Columns 68 columns | 200 per linear 340,800
meter
20 | Wire Mesh 2700 75 per square %202,500
square meter
meters
21 | Metal Roofing 1263 %250 per square %315,750
square meter
meters
22 | Concrete Footings 81 footings 34,000 per 162,000
cubic meter
(5) Breeding cage
23 | PVC Pipes 171.2 %40 36,848
meters
24 | Fine Mesh or Netting 111.69 %75 38,377
square
meters
25 | LED Lights 11 units %450 34,950
26 | Corrugated Cardboard 571.43 %25 314,286
square
meters
27 | Netting Patches 5.58 square 75 %419
meters
28 | Adhesives 11.17 litters 3225 32,513
29 | Sewing Kit 3 kits %150 3450
Water supply and plumbing
(1) Water Supply
30 | Overhead Water Tank 1 unit %30,000 330,000
(5,000
liters)
31 | Piping (PVC or HDPE) 300 meters %100 330,000
32 | Gate Valves 4 units %500/unit 32,000
33 | Ball Valves 6 units %400/unit 32,400
34 | Booster Pump 1 unit 315,000 315,000
35 | Sediment Filter 1 unit 35,000 35,000
(2) Sanitation
36 | Toilet Units 2 units %5,000/unit 310,000
37 | Washbasins 2 units %3,000/unit 36,000
38 | Septic Tank 1 unit %50,000 %50,000
39 | Drainage Pipes (PVC, 4") 50 meters %200/meter %10,000
40 | Hand Washing Stations
41 | Sinks with Water Supply 2 units %2,500/unit 35,000
(3) Cleaning Purposes
42 | Hose Pipes with Spray Nozzles 2 units %1,000/unit 32,000
43 | Floor Drains with Grates 4 units %1,000/unit 34,000
BSF tray number
44 | Trays 57 2400 ‘ 228000
Waste Grinding/Shredding Equipment
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45 | The double shaft organic waste shredding machine 1 unit 125000 125000
manufactured by Saratech Equipment's Pune
Signage and marking
46 | Main Entrance Sign 1 32,000 32,000
47 | Boundary Markers 8 %150 31,200
(1) Section Signs
48 | Waste Collection Area 1 3750 %750
49 | Processing Area 1 %750 %750
50 | Larvae Rearing Area 1 %750 %750
51 | Storage 1 %750 %750
(2) Safety Signage
52 | Warning Signs 4 %300 31,200
53 | Emergency Exit Signs 2 %400 %800
54 | First Aid Sign 1 %400 3400
55 | Fire Safety Sign 1 %400 %400
56 | Process Flow Charts 2 %750 31,500
Leachate Collection System
57 | Main Drainage Pipes (4-inch dia.) 150meter %250 337,500
58 | Pipe Clamps and Connectors 100 units %50 35,000
59 | Central Collection Tank 1 unit %20,000 320,000
Personal Protective Equipment (PPE) Items
60 | Disposable Nitrile Gloves 26 pairs %12 %312
61 | Heavy-Duty Work Gloves 13 pairs %75 975
62 | Disposable Masks 13 masks 8 3104
63 | Coveralls or Aprons 13 sets %350 4450
64 | Rubber Boots 13 pairs %750 %9750
65 | Hand Sanitizer (500ml) 1 bottle %150 3150 (monthly
replacement)
66 | Antibacterial Soap - %30 %30
67 | First Aid Kit 1 kit %750 %750
Sieving Machine
68 | Circular lhp vibro shifter machine gmp model, 1 ¥55000 355000
shivam industry
Packing Material
69 | Packaging Bags 360 35 %1800
70 | Sealing Equipment 1 %2000 %2000
71 | Weighing Scales 1 %3000 %3000
72 | Labelling Materials 360 32 %720
73 | Label Printer 1 %5000 %5000
74 | Handling Tools 2 3500 %1000
75 | Storage Bins 7 %1500 310500
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IV. RESULT AND DISCUSSION

The implementation of a Black Soldier Fly (BSF) larvae-based system for managing municipal organic waste has been thoroughly
analysed, revealing several key outcomes. This section outlines the financial investment required, the efficiency of the waste
management process, and the broader environmental, economic, and community impacts associated with the BSF farm.

e Investment Required: %15,06,670.10 is needed for the installation of a BSF farm capable of processing 2 tons of organic
waste per day.

e Waste Management Efficiency: The BSF farm efficiently converts 2 tons of organic waste daily into valuable by-products,
significantly reducing the amount of waste that would otherwise end up in open dumps or landfills.

e Environmental Benefits: The BSF system helps mitigate environmental pollution by reducing greenhouse gas emissions
and supporting a cleaner local ecosystem through effective waste processing.

e Economic Advantages: The project creates job opportunities for local residents, contributing to the local economy.
Additionally, revenue generated from the sale of BSF larvae and by-products supports the financial sustainability of the
farm.

e Sustainability and Resource Utilization: The BSF larvae-based system promotes sustainability by converting waste into
useful products, enhancing resource efficiency, and supporting a circular economy.

e Community Impact: The implementation of the BSF farm encourages community involvement and awareness regarding
sustainable waste management practices, fostering a collective approach to environmental conservation.

V. CONCLUSION

In conclusion, this study has explored the feasibility of implementing a black soldier fly (BSF) farm as a cost-effective and sustainable
solution for managing organic waste. By meticulously estimating the setup and operational costs associated with establishing such a
facility, we have demonstrated that BSF technology not only effectively reduces organic waste but also holds potential for generating
revenue through the sale of larvae and nutrient-rich compost. This dual benefit not only offsets initial investment costs but also
positions BSF farms as economically viable entities in municipal waste management strategies. Furthermore, beyond economic
considerations, BSF farming offers substantial environmental benefits by minimizing greenhouse gas emissions and reducing reliance
on landfilling. The nutrient-dense compost produced through BSF larvae digestion supports sustainable agriculture practices,
enhancing soil health and crop productivity. Moreover, the scalability of BSF farms makes them adaptable to various community
waste management needs, fostering local resilience and environmental stewardship. As municipalities and organizations seek
innovative solutions to address waste challenges, integrating BSF farms presents a promising avenue towards achieving both
environmental sustainability and economic efficiency in waste management practices.
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