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Abstract- As global industries face increasing 

pressure to reduce their environmental impact, water 

conservation has become a critical objective in 

manufacturing processes. This study documents a 

landmark sustainable engineering initiative led by 

mechatronic engineer Celio Francisco Filho, which 

achieved a 48% reduction in water consumption in 

the production of metallized solar protection glass. 

By integrating closed-loop water recirculation 

systems, advanced filtration technologies, smart 

thermal regulation via sealed heat exchangers, and 

real-time monitoring through SCADA platforms, the 

project significantly optimized industrial resource 

use. The initiative not only enhanced operational 

efficiency and product quality but also aligned with 

ESG goals and international environmental 

standards. The results underscore the potential of 

engineering-led innovation to address complex 

sustainability challenges and establish replicable 

models for other sectors. 

 

Indexed Terms- Sustainable manufacturing, Water 

reuse, Industrial automation, Environmental 

engineering, Process optimization. 

 

I. INTRODUCTION 

 

In the face of mounting environmental challenges and 

the global call for more sustainable industrial 

practices, the solar protection glass industry has taken 

a transformative step toward resource efficiency. At 

the forefront of this initiative is mechatronic engineer 

Celio Francisco Filho, who spearheaded a 

comprehensive project aimed at optimizing water 

usage in the production of metallized glass. The 

process of manufacturing solar control glass typically 

involves significant water consumption, especially in 

phases such as surface cleaning, metallic layer 

deposition via magnetron sputtering, and post-

deposition cooling. Recognizing inefficiencies in this 

model, Celio led the design and implementation of a 

water optimization strategy that achieved an 

impressive 48% reduction in average monthly water 

consumption. 

The engineering challenge lay in the intrinsic 

dependency on water-intensive stages in glass 

processing, which traditionally rely on open-loop 

systems for washing and thermal regulation. “We 

identified excessive water usage in steps that could be 

optimized or replaced by more intelligent and circular 

technologies,” explained Celio. The project deployed 

several integrated solutions rooted in sustainable 

engineering. These included the implementation of a 

closed-loop water recirculation system featuring 

multi-stage filtration for particulate matter, oils, and 

heavy metals. This measure alone significantly 

reduced industrial effluent discharge, promoting a 

circular model of water usage. 

Another key innovation was the replacement of direct-

contact cooling systems with sealed heat exchangers, 

thereby eliminating the need for constant influxes of 

fresh water for thermal control. This not only 

conserved water but also enhanced temperature 

stability during the metallization process. 

Furthermore, chemical cleaning operations were 

restructured to use significantly lower rinse volumes. 

High-efficiency spray washers equipped with 

conductivity sensors were introduced to optimize the 

washing sequence and ensure precision in chemical 

usage and removal. 
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The flowchart illustrates the strategic implementation 

of a sustainable water optimization project in the 

production of metallized solar protection glass. The 

process begins with identifying inefficient water use, 

followed by the development of an engineering 

strategy. Key solutions include a closed-loop water 

recirculation system with multi-stage filtration, sealed 

heat exchangers for improved thermal control, and 

optimized chemical cleaning using high-efficiency 

spray washers and conductivity sensors. Real-time 

monitoring via SCADA was integrated to enable data-

driven adjustments. After six months of operation, the 

project achieved a 48% reduction in water 

consumption, a 50% decrease in effluent, 63% water 

reuse, and a 36% faster cleaning cycle, enhancing both 

environmental sustainability and product quality. 

Figure 1. Flowchart of Sustainable Water 

Optimization Strategy in Metallized Glass 

Production. 

Source: Created by author. 

In parallel, the project integrated a real-time water 

monitoring system into the supervisory control and 

data acquisition (SCADA) infrastructure. This 

allowed for accurate tracking of water usage per 

production stage and facilitated prompt adjustments 

by the plant’s sustainability cell and maintenance 

teams. The quantitative results achieved after six 

months of full-scale operation were remarkable. 

Monthly water consumption dropped from 4,800 m³ to 

2,500 m³, while effluent generation decreased by 50%. 

The average cleaning cycle time was shortened from 

22 to 14 minutes, and water reuse surged from 0% to 

63%. 

Beyond measurable conservation, the project’s 

environmental footprint was substantially improved. It 

resulted in the annual saving of approximately 27.6 

million liters of water. Wastewater discharge was 

minimized through continuous reuse cycles, aligning 

the facility’s operations with Environmental, Social, 

and Governance (ESG) targets and ISO 14001 

environmental certification standards. The strategic 

application of Celio’s expertise in automation, process 

control, and sustainable manufacturing proved critical 

to the project’s success. His leadership not only 

delivered immediate savings but also instilled a culture 

of environmental responsibility among operational 

staff through targeted training initiatives. 

The implementation of closed-loop water systems in 

industrial settings aligns with broader trends observed 

in sustainable manufacturing research. According to 

Gunasekaran and Spalanzani (2012), integrating real-

time monitoring with lean production practices 

significantly enhances environmental performance in 

manufacturing systems. This is further supported by 

the International Energy Agency (IEA), which 

advocates for digitalization and smart control systems 

as critical components of water and energy efficiency 

in industrial processes (IEA, 2019). By adopting a 

data-driven approach, Celio’s project mirrors these 

global best practices and offers a replicable model for 

other manufacturing sectors. 

Moreover, the project addresses a growing regulatory 

and reputational risk associated with excessive water 

use. The World Economic Forum’s Global Risks 

Report (2023) has consistently identified water crises 

as one of the top long-term risks to global stability. 

Industries that proactively manage their water 

footprint, such as this glass manufacturer, are more 

likely to maintain operational resilience and public 

trust. The company's shift toward water reuse and 
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minimal discharge positions it advantageously in a 

future where access to water may become increasingly 

restricted due to climate variability and regulatory 

constraints. 

From a materials science perspective, the 

improvements also benefited product consistency and 

quality control. Heat exchangers enabled tighter 

control of thermal conditions during metallic layer 

deposition, a factor critical for optical properties and 

coating adhesion. Research by Biederman and 

Slavínská (2013) has shown that variations in 

deposition temperature significantly influence the 

uniformity and durability of sputtered metal coatings. 

Thus, in addition to sustainability, the interventions 

led by Celio also supported the technological integrity 

of the end product, demonstrating the symbiotic 

relationship between environmental and production 

excellence. 

Finally, the emphasis on staff training and system 

integration reflects modern engineering project 

management principles. As emphasized by Kerzner 

(2017) in Project Management: A Systems Approach 

to Planning, Scheduling, and Controlling, sustainable 

outcomes in engineering projects depend not only on 

technical design but also on stakeholder engagement, 

continuous learning, and system interoperability. By 

ensuring that maintenance and operations teams were 

fully trained in the use of new technologies and 

monitoring tools, Celio ensured long-term adherence 

to the new standards. This human-centered strategy is 

particularly relevant in sustainability transitions, 

where behavioral change is as crucial as technical 

innovation. 
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