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The implementation of a VFD-based automated vacuum
system significantly 1mproved energy efficiency,
reliability and process control 1n pharmaceutical

This study details the theoretical design and
implementation of an automated vacuum control system
developed to enhance particle removal efficiency i1n

pharmaceutical manufacturing environments. The system
integrates sensor feedback, programmable logic control
(PLC) and real-time monitoring to optimize vacuum
performance, minimize manual intervention and maintain
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manufacturing. By integrating PLC, SCADA and real-
time monitoring, the design achieved up to 40% energy
savings, reduced mechanical wear and enhanced
regulatory compliance under GMP and FDA 21 CFR Part

GMP-compliant cleanroom conditions. The research I1. This project demonstrates how automation supports
demonstrates how automation improves process s sustainable operations, minimizes cross-contamination
reliability, contamination control and regulatory | risks, and advances Industry 4.0 readiness in
adherence within pharmaceutical production facilities. - pharmaceutical environments.
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Pharmaceutical manufacturing requires strict
contamination control, as airborne and process-generated . . . .

. o p1¢ eIt Future development will focus on integrating Al-driven
particles can compromise product quality. Traditional g . o

. . predictive maintenance, cloud-based monitoring and

vacuum systems often rely on manual operation, leading .

. L . . . bl energy recovery systems to enhance efficiency and
to 1nefficiencies and i1nconsistent performance. With ol by . . .

. . : . reliability. The design will be expanded to other unit
growing regulatory demands and the industry’s shift Figure 2

operations and coupled with renewable energy sources to
support Industry 4.0 and sustainable pharmaceutical
manufacturing.

toward automation, integrating PLC- and VFD-based
control systems has become essential to enhance ; ol
cleanliness, energy efficiency, and compliance with GMP Sl |
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and FDA standards. o
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Maintaining  cleanliness and  preventing  cross-
contamination 1n pharmaceutical manufacturing 1s 0 I
essential to comply with GMP, ISO, and FDA standards. — e

Conventional  vacuum systems lack  automation, f ______________________________________________________________________________________ T . mi%) the. Polytechnic Uniyersity of Puertp .RiCO for their
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control system that enhances particle removal efficiency, A - i efficiency, responsiveness and reliability compared to the possible.
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manual setup. PLC-SCADA integration enhanced
monitoring and compliance with GMP and FDA 21 CFR

reduces operational variability and ensures regulatory =
compliance within cleanroom environments. -

C
ﬁ&

References

Moz By Part 11, confirming the system’s suitability for modern,
MethOdOlOgy S Be I = energy-efticient pharmaceutical operations. [1] I. A. Daniyan, Principles of Automation and Control,

&

The project followed a three-phase approach: system o o i I C”“i;ﬁ;ﬁaﬁd Ws?iied Ist ed., Pretoria, South Africa: Bentham Science, 2023.
requirement analysis, design and automation architecture, % """"""""""""""""""""" E Average Power e i T w 1S Michen Toteloent Buildine Conticy
and validation testing. A PLC-based control system with B ) Dpemf;;“iz*;zcme o7 GAlavs O — [2]J. T. | en and . Viishra, intelligent butlding Lontro
integrated pressure and airflow sensors was developed, 5 I Energy Savings : 35-40% Systems: A Survey of Modern Building Control and
modeled in CAD and connected through SCADA for N o o el Sensmg Strategies, Ist ed., Cham, Switzerland: Springer
monitoring and alarms, as shown in Figures 1-4. The 8 ey Sliese Y Confiearations International, 2017.

prototype was validated 1n a pilot cleanroom using Excel Y TR g Metric Contactor System | VFD System , ,

to compare energy efficiency, reliability and regulatory ) “ i Resgﬁ:;;;l:l;;ﬂml;fﬁ ailglznge 1.7 seiﬂln;iimvg) 1.92 Sefsnaf (Avg) &3] g ?ey.andIS. Kd Sen, Industrial Automation
compliance between manual and automated systems. Figure 2 S echnologies, 1st ed., Boca Raton and London, USA &

England: CRC Press, 2020.

Electrical Diagram of Automated Circuit Response Time and Pressure Stability

(Continuation) between Configurations



	Slide 1

