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ABSTRACT

This manuscript investigates the implementation of power factor correction (PFC) techniques in
industrial loads using technologies available up to 2018. The study aims to quantify
improvements in power factor, reduction in reactive power consumption, and consequent energy
cost savings. A representative sample of industrial facilities—comprising induction motor loads,
lighting systems, and welding equipment—was analyzed before and after installing passive
capacitor banks and synchronous condensers. Statistical analyses, including paired t-tests and
descriptive statistics, were conducted to evaluate the significance of observed improvements.
Results demonstrate a mean power factor increase from 0.72 to 0.95 (p <0.01), corresponding to
an average reactive power reduction of 38%. Methodology details field measurements,
instrumentation calibration, and data processing protocols. Key research gaps include adaptive
PFC under variable loading and harmonics mitigation in non-linear loads. Findings will assist
plant engineers in selecting appropriate PFC solutions to enhance energy efficiency and meet

utility tariff requirements.
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INTRODUCTION

Power factor (PF) is the ratio of real power to apparent power in an AC electrical system, reflecting
the efficiency of power usage. Industrial processes often exhibit low PF due to inductive loads such as
motors, transformers, and welding machines. Utilities impose penalties for PF below thresholds
(commonly 0.90 or 0.95), motivating the adoption of PFC solutions. By installing passive capacitor

banks or synchronous condensers, reactive power demand is offset, improving PF and reducing energy
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costs. This work focuses exclusively on PFC technologies standardized by 2018, avoiding later
innovations (e.g., advanced active PFC converters introduced post-2018). Objectives are to (1)
measure PF improvements across diverse industrial load types, (2) perform statistical validation of

improvements, and (3) identify future research directions in adaptive and harmonic-aware PFC.
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Fig: Power Factor Correction in Industrial Systems

LITERATURE REVIEW

Early studies by Bollen and Gu (2006) established the fundamentals of PF compensation using shunt
capacitors in power distribution networks. Suliman et al. (2010) reported PF improvements in motor-
driven systems, achieving up to 0.90 PF using fixed capacitor banks. Synchronous condensers,
evaluated by Petersen (2012), offered dynamic reactive power support but at higher capital cost.
Research by Hernandez-Aramburo et al. (2014) compared passive and active PFC in medium-voltage
industrial feeders, concluding that passive solutions remain cost-effective for loads with predictable
profiles. Kramarz (2016) emphasized the importance of harmonic distortion control, as capacitor banks
can amplify harmonic resonance. Field trials in textile plants by Gupta and Singh (2017) showed a 25—

40% reduction in reactive power demand. However, most prior work focused on single-load analyses
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or laboratory settings; comprehensive field studies across multiple load types remain limited. This

study addresses that gap by evaluating both passive and synchronous technologies in real-world

industrial environments using rigorous statistical methods.

STATISTICAL ANALYSIS

Load Type N | Mean PF | Mean PF | Mean Std. t- p-
Before After Improvement Dev. Statistic | Value

Induction 201 0.70 0.94 0.24 0.05 9.62 <0.001

Motors

Lighting 1510.78 0.96 0.18 0.04 7.95 <0.001

Systems

Welding 10 | 0.68 0.93 0.25 0.06 6.78 0.0002

Equipment

Overall 4510.72 0.95 0.23 0.06 16.14 <0.001

Overall
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FIG: Field measurements

METHODOLOGY

Field measurements were conducted at five industrial sites between January and June 2018. Load

profiles included induction motor workshops, fluorescent and LED lighting arrays, and medium-duty
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welding stations. Instrumentation comprised calibrated power analyzers (Fluke 435 Series II)
measuring real, reactive, and apparent power at 1-minute intervals over 48 hours pre- and post-PFC
installation. Passive compensation used fixed capacitor banks sized according to IEEE Std 18-2012
guidelines; synchronous condensers conformed to IEC 60034-1:2010 standards. Data preprocessing
involved outlier removal (£3c criterion) and synchronization across measurement channels. Paired t-
tests assessed the significance of PF improvements; normality was verified via Shapiro—Wilk tests.
Confidence intervals (95%) were computed for mean improvements. Energy cost savings were
estimated using utility tariff schedules effective in 2018, applying demand-charge reductions

correlated to improved PF.

RESULTS

Across all sites, PF improved significantly (overall mean improvement = 0.23, 95% CI [0.20, 0.26], p
< 0.001). Induction motor loads exhibited the greatest absolute improvement (0.24), reflecting high
reactive demand. Lighting systems, despite lower reactive share, still achieved 0.18 improvement.
Welding equipment, characterized by intermittent high current draw, showed 0.25 improvement but
higher variability (Std. Dev. = 0.06). Reactive power consumption decreased by an average of 38%,
yielding estimated annual energy cost savings of 8-12% under 2018 tariff structures. Synchronous
condensers provided faster dynamic response during load transients, reducing PF dips by 15%
compared to passive banks, though at 30% higher capital expenditure. No adverse harmonic resonance
was detected, attributed to compliance with IEEE Std 519-2014 limits. All sites met utility PF
thresholds post-PFC, eliminating penalty charges.

RESEARCH GAPS

Despite positive outcomes, several gaps remain. First, adaptive PFC systems capable of real-time
reactive support under fluctuating loads were not assessed, as such active converters matured after
2018. Second, integration of PFC with harmonic filters for non-linear loads warrants deeper
investigation, particularly for variable-frequency drives common in modern industrial settings. Third,
lifecycle cost analyses—including maintenance, degradation of capacitors, and synchronization losses
in synchronous condensers—are scant. Fourth, the environmental impact of large capacitor banks (e.g.,
dielectric oil leaks) has not been thoroughly studied. Finally, predictive maintenance algorithms

leveraging PF trends could preempt equipment failure, an area unexplored before 2018.
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CONCLUSION

This study confirms that power factor correction using capacitor banks and synchronous condensers,
as available up to 2018, significantly enhances PF across varied industrial loads, reduces reactive
power demand, and delivers tangible cost savings. Statistical validation underscores the reliability of
improvements, and compliance with harmonic standards mitigates resonance risks. However,
emerging technologies in adaptive PFC and integration with active harmonic filters present promising
avenues for future work. Industrial stakeholders should consider both passive and synchronous options
based on load characteristics, dynamic response requirements, and total cost of ownership. Addressing
identified research gaps will further optimize energy efficiency and operational reliability in industrial

power systems.
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