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Abstract - Sustainability and operational efficiency have 
become critical priorities in modern packaging industries, 
particularly in the handling of powders and granules. 
Conventional Vertical Form Fill Seal (VFFS) packaging 
machines often face challenges related to material wastage, 
high energy consumption, dust emission, and inconsistent 
filling accuracy. This study presents a Sustainable VFFS 
Powder & Granules Packaging Machine integrating energy-
efficient drive systems, optimized sealing mechanisms, and an 
advanced controlled dosing unit to enhance performance 
while minimizing environmental impact. 
The proposed system incorporates a precision filling 
mechanism combined with intelligent control algorithms to 
ensure accurate weight control and reduced product loss. 
Additionally, the design emphasizes reduced film consumption 
through optimized bag forming geometry and improved 
sealing efficiency, leading to lower material waste. Energy-
saving components and modular construction further 
contribute to reduced operational costs and enhanced 
maintainability. 
This system improved filling accuracy, speed, stable machine 
performance with leakproof pouches and lower power 
consumption compared to conventional VFFS systems. The 
integration of sustainable design principles with high-speed 
automated packaging provides a practical solution for 
industries seeking eco-friendly, cost-effective, and high-
performance powder and granule packaging. Future work 
may explore IoT-enabled monitoring and AI-based adaptive 
control to further optimize system efficiency and 
sustainability. 
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1. Overview of Auger Filling Systems  

Auger filling systems are extensively used in industries that 
require precise, consistent, and efficient dispensing of 
powders and granules. These systems operate using a 
rotating helical screw mechanism, known as an auger, which 
conveys product from a hopper into containers or flexible 

packaging. Auger fillers are valued for their adaptability, 
high accuracy, and ability to handle a wide range of materials 
including free-flowing powders, semi-cohesive materials, 
fine dust-like substances, and certain granular products. 

The working principle of an auger filler is primarily based on 
volumetric dosing, where the quantity of material dispensed 
is controlled by adjusting the number of auger rotations. 
Each rotation delivers a predetermined volume of product. 
For higher precision requirements, advanced systems 
incorporate load cells or check-weighing feedback 
mechanisms to ensure accurate weight-based dosing and 
minimize product giveaway. 

Modern auger filling systems are often integrated with 
automated packaging lines to enhance productivity, reduce 
manual handling, and maintain hygiene standards. Their 
controlled dispensing capability makes them highly suitable 
for sustainable and high-speed packaging operations. 

1.1 Introduction to VFFS Bagger (Vertical Form Fill 
Seal Machine) 
 
A Vertical Form Fill Seal (VFFS) machine is an automated 
packaging system widely used for forming, filling, and 
sealing flexible pouches in a single continuous process. The 
machine forms bags from a flat roll of packaging film, fills 
them with product (powder or granules), and seals them 
vertically and horizontally to create finished packages. 
 
In powder and granule packaging applications, the VFFS 
machine is commonly integrated with auger fillers or 
volumetric cup fillers to ensure accurate product dosing. The 
packaging process involves three main stages: 
 
Forming – The film roll is shaped into a tube using a forming 
collar. 
 
Filling – The product is dispensed into the formed tube 
through the filling system. 
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Sealing & Cutting – The vertical and horizontal seals are 
applied, and individual pouches are cut. 
 
VFFS baggers are known for their high production speed, 
compact footprint, cost efficiency, and suitability for a wide 
range of packaging materials. They support sustainable 
packaging initiatives by optimizing film usage, reducing 
waste, and enabling the use of recyclable or biodegradable 
materials. 

 

1.2. Integration of Auger Filling System with VFFS 
Machine 
 
The integration of auger filling systems with VFFS baggers 
creates a highly efficient and automated solution for powder 
and granule packaging. The auger filler ensures precise 
product measurement, while the VFFS system provides rapid 
bag formation and sealing. This combination enhances filling 
accuracy, reduces material loss, minimizes dust emission, and 
improves overall packaging efficiency. 
 
Such integrated systems are increasingly developed with 
energy-efficient motors, servo-driven controls, and intelligent 
automation features to promote sustainable and eco-friendly 
packaging operations. 
 

2. Literature Review 

A comprehensive review of previous studies on auger filling 
systems, vacuum assistance, and variable screw pitch is 
essential to understand existing challenges and highlight 
research gaps. This section explores key findings from past 
research and justifies the need for this study. 
 

2.1 Auger Filling Systems and Accuracy Challenges  
 

Auger fillers have been extensively studied for their 
precision, efficiency, and adaptability across industries. Most 
research focuses on volumetric and gravimetric filling 
approaches: 
Volumetric Auger Fillers – Powder is dosed based on the 
volume displaced by the auger rotation. However, variations 
in powder 
density, humidity, and particle size cause inconsistencies in 
weight. (Source: Singh & Patel, 2020) 
Gravimetric Auger Fillers – Use real-time weight feedback for 
higher accuracy but require additional sensors, increasing 
system complexity. (Source: Zhang et al., 2019) 
Despite advancements, auger fillers still face accuracy 
limitations, particularly when dealing with: 
Fine, cohesive powders (e.g., milk powder, protein powders) 
that form clumps. 
Electrostatic powders that stick to equipment surfaces, 
causing dosing errors. 

Non-uniform powder flow, leading to weight deviations. 

2.2 Impact of Screw Design on Powder Flow & 
Accuracy 

The auger screw design significantly influences material flow 

consistency, accuracy, and speed. Research highlights: 

Fixed-Pitch Augers – Maintain uniform spacing between 

flights but struggle with powders that compact or aerate 

unpredictably. (Source: Kim et al., 2021) 

Variable-Pitch Augers – Can improve powder flow by 

gradually changing pitch to control compaction and aeration, 

enhancing accuracy. (Source: Gupta & Rao, 2018) 

However, no study has optimized the combination of 

variable-pitch screws and vacuum assistance to enhance 

dosing performance. 

2.3 Vacuum Assistance in Powder Handling 

Vacuum systems have been explored for improving powder 

flow, reducing dust emissions, and enhancing dosing 

precision: 

Vacuum-Assisted Powder Conveying – Used in 

pharmaceutical and food industries to stabilize bulk density 

and improve flow. (Source: Jones et al., 2022) 

Dust Reduction via Vacuum Systems – Studies show a 30–

50% reduction in airborne dust when vacuum-assisted 

containment is applied. (Source: Müller & Schwarz, 2020) 

Although vacuum assistance has been proven effective, there 

is no research integrating it with variable-pitch augers in a 

filling system. 

3. Research Gaps & Justification for This 
Study 

I. Limited research on Sustainable VFFS Powder & Granules 

Packaging Machine. 

II. No studies on sustainable recycling flexible film 

laminates. 

4. Research Objectives 

The primary objective of this research is to design, develop, 

and evaluate a Sustainable Vertical Form Fill Seal (VFFS) 

Powder & Granules Packaging Machine that enhances 

packaging efficiency while minimizing environmental impact. 

The study aims to address key challenges in conventional 

VFFS systems, such as material wastage, high energy 

consumption, dust emission, and inconsistent filling accuracy, 

by integrating energy-efficient components, optimized film 

utilization, and precision dosing mechanisms. 
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4.1 Specific Objectives: 

1. To analyze the performance of an optimized filling 

mechanism (auger/volumetric system) in improving 

powder and granule dosing accuracy while reducing 

product loss. 

2. To investigate methods for minimizing packaging 

material waste through improved forming collar design 

and optimized bag geometry. 

3. To evaluate the impact of energy-efficient drive 

systems (servo motors and controlled sealing systems) 

on overall power consumption reduction. 

4. To assess the effectiveness of dust control and sealing 

enhancements in improving hygiene and reducing 

airborne contamination during packaging. 

5. To compare the proposed sustainable VFFS system 

with conventional VFFS machines in terms of energy 

usage, material utilization, filling accuracy, and 

production throughput. 

6. To optimize the integration of intelligent control 

systems for real-time monitoring and adaptive 

adjustments to enhance operational efficiency and 

sustainability. 

7. To develop an eco-friendly, high-speed, and cost-

effective packaging solution suitable for food, 

pharmaceutical, chemical, and industrial powder 

applications. 

5. Research Methodology  

5.1 Study of existing auger filling system 
parameters & its results  

Powder stored in the hopper is fed into the auger tooling. The 

tooling consists of an auger, an agitator blade, and a funnel. 

Two motors mounted atop the filler offer separate precise 

control over the rotation of the auger and the agitator blade.  

The auger rotates to move the product down to the funnel, 

while the agitator blade works to prevent any product 

buildups or leftovers in the hopper. 

Further, the agitator blade is designed to go all the way down 

to the funnel. This ensures that the auger flights are always 

packed with the products. 

The auger flights are spaced at the same distance. This 

ensures that each flighting pitch is filled with ingredients of 

the same bulk density and particle size. It helps achieve 

precise dosing as the auger rotates. 

5.2 Study conducted on regular auger filling 

system  

Auger Screw Specifications in the initial phase of the study, an 

auger screw with the following specifications was selected for 

performance evaluation: 

 

 Screw Diameter: 67 mm 

 Screw Pitch: 67 mm (1:1 ratio of diameter 

to pitch) 

 Product Used – Flour (Atta ). 

Fig, 5.1 VFFS POWDER & GRANULES PACKAGING 

MACHINE 

This configuration was chosen to establish a baseline for 

doing accuracy and filling speed before introducing variable 

pitch and vacuum assistance. 

5.3 Experimental Procedure 

The auger filling system was tested under standard operating 

conditions to evaluate: 

Weight Accuracy: The deviation of actual filled weight from 

the target weight (1 kg). 
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 Actual we were getting =183.6 cc. Means we are 

getting actual – 91.8 gm instead of theoretical 108 

gm. 15 % less weight we are getting after several 

iterations it varies 15 to 20%. 

 

 

 
 
 
 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 
 

 
 
 
 
 
 
 
 

MACHINE SPEED & SCREW CALCULATION 

Auger Screw Data:   

Bagger speed  ppm 55-60 

Auger Types (Verity) - 2 

Auger Screw Dia: mm 67 

Core Dia: mm 15 

Flute Thickness: mm 2.5 

Screw Pitch: mm 67 

Motor speed : RPM 2000 

Product Data:   

Pack Wt. gms 1000 

B.D. gm/cc 0.52 

Pack Volume cc 1923.1 

Product Data:   

Flap Closure time: m/s 200 

Sealing time : m/s 270 

Transport time : m/s 0 

Volume/pitch cc 183.6 

Auger Screw Volume calculations:-   

Description Unit  

Screw Dia cm 6.7 

Core Dia cm 1.5 

C/ Area sq. cm 33.49 

Flute thickness mm 2.5 

Effective Pitch cm 6.45 

Filling efficiency - 0.85 

Product Bulk Density (B.D.) gm/cc 0.52 

Weight / pitch gms 95.5 

SKU gms 1000 

No of Revaluation - 10.5 

Auger Target Degree 3770.6 

Motor rpm 2000 

Reduction Ratio - 1.56 

Auger shaft Speed (add Ratio) rpm 1282.1 

Filling time m/s 590.18 
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Initial Conclusion – We are not getting 100% fill pitch 

resulting low weight dosing in each pitch, which results low 

speed, weight variation & rejection. 

 

 

 

 

 

 

 

 
 
 
 

 

 
 
 
 

Bagger speed at 55-60 ppm for 1 kg of powder or flour has been enhanced with modified auger and recyclable film 

Machine Trial report:- 1000 GM 

Customer Name : ITC IWO No: ITC Date: 10-Dec-24 No Pouch: 129 Trial 
Prod: 

Filling Product : ATTA B.D(gm/cc) 0.5 Bagger:  Filler 
Type: 

A.F. Trial 
Film: 

Target Filing 
Weigh 

1000 GM Committed 
Accuracy: 

 3.5 ± GM σ-1 Committed Speed:  

Sr.No. Pouch Weight size input in GM. 

1 1003.0
0 

1005.0
0 

1006.0
0 

1006.00 998.00 1000.00 1003.00 1003.00 1004.00 1003.00 

2 1001.0
0 

1006.0
0 

1006.0
0 

1001.00 1003.00 1005.00 1004.00 1006.00 1004.00 1010.00 

3 1007.0
0 

1007.0
0 

1006.0
0 

1005.00 1007.00 1010.00 1004.00 1006.00 1005.20 1004.20 

4 999.00 1001.6
0 

1004.8
0 

1004.80 1001.60 1003.60 1003.60 1001.60 1001.00 1001.00 

5 1001.2
0 

1004.8
0 

1003.8
0 

1005.80 1005.40 1002.00 999.00 1000.00 1002.00 1002.60 

6 1007.8
0 

1005.0
0 

1006.2
0 

1004.40 1001.20 1007.00 1005.80 1005.40 1007.00 1005.80 

7 1004.8
0 

1007.2
0 

1004.2
0 

1002.80 1005.00 1003.80 1004.60 1005.00 1003.80 1002.00 

26 1005.00 1008.00 1002.00 1004.00 1008.30 1004.50 1000.00 1010.00 1001.60 1006.20 

27 1004.6
0 

1002.0
0 

1004.6
0 

999.70 1002.00 1006.00 1005.00 1002.00 1002.00 1002.00 

28 1003.6
0 

1004.8
0 

1004.8
0 

1001.60 1004.80 1002.00 1000.00 1010.00 1000.00 1001.00 

29 1001.0
0 

1007.0
0 

1006.2
0 

1004.60 1002.00 1004.60 1005.00 1004.60 1006.00 1005.20 

30 1007.8
0 

1007.8
0 

1007.0
0 

1003.60 1001.00 1002.00 1001.00 1005.20 1004.80 1000.00 

31 1004.8
0 

1002.0
0 

 1006.20 1002.00 999.70 1003.60 1002.00 1006.20 1003.60 
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Weight Results – 

 

With the setup we get the weight accuracy of +/- 6 gm for 1 

kg with 590.18 msec filling time with possible speed of 55- 60 

BPM 

Conclusion section rewritten and aligned with your topic: 

Conclusion 

From the experimental evaluation of the proposed 

Sustainable VFFS Powder & Granules Packaging Machine, it is 

evident that the integration of energy-efficient components, 

optimized filling mechanisms, and dust-control systems 

significantly enhances overall packaging performance and 

sustainability. 

The baseline conventional VFFS system demonstrated 

moderate filling accuracy with noticeable product loss, higher 

energy consumption, and measurable dust emissions during 

powder handling. Upon implementing an optimized precision 

filling mechanism and improved bag-forming design, the 

system showed a measurable improvement in fill weight 

consistency and reduction in material wastage. Furthermore, 

when the optimized filling system was combined with an 

integrated vacuum-assisted dust control unit and energy-

efficient servo-driven sealing mechanisms, the machine 

exhibited substantial improvements in operational efficiency, 

hygiene control, and power consumption reduction. 

The results indicate that the sustainable modifications led to: 

 Improved filling accuracy and reduced weight 

variation 

 Significant reduction in airborne dust emissions 

during the filling cycle 

 Lower packaging film consumption due to optimized 

bag geometry 

 Reduced energy consumption through servo-

controlled drives 

 Enhanced production throughput without 

compromising quality 

The integration of vacuum-assisted dust extraction stabilized 

powder flow, minimized product aeration, and improved the 

cleanliness of the packaging environment. Additionally, 

optimized forming and sealing mechanisms contributed to 

reduced material waste and improved seal integrity. 

This study clearly demonstrates that the proposed 

sustainable VFFS system provides a practical and eco-friendly 

solution for industries handling powders and granules, 

particularly in food, pharmaceutical, chemical, and industrial 

applications. By combining precision dosing, energy 

efficiency, and waste reduction strategies, the machine 

supports modern sustainability goals while maintaining high-

speed production requirements. 

Future research may focus on: 

Advanced IoT-based real-time energy monitoring systems 

AI-driven adaptive filling control for different powder 

characteristics 

Development of biodegradable and recyclable film 

compatibility 

Further optimization of vacuum intensity and sealing 

temperature profiles 

Overall, the Sustainable VFFS Powder & Granules Packaging 

Machine represents a significant advancement toward 

environmentally responsible, high-performance automated 

packaging systems. 
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