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Abstract: Water scarcity is becoming a critical challenge for industrial operations, particularly in resource-intensive 
sectors such as steel manufacturing. This study presents an in-depth evaluation of water recycling and reuse initiatives 
implemented at Tata Steel Gamharia, a key production unit specializing in high-value alloy steel. A mixed-methods 
approach was employed, combining quantitative water consumption data, effluent quality analyses, and qualitative 
insights from plant observations and stakeholder consultations. The findings indicate a consistent reduction of more than 
2,000 KL/day in freshwater usage through the integration of advanced effluent treatment, process water recirculation 
systems, and targeted infrastructure upgrades, including dedicated treated water pipelines and Mist Beam installations. 
Notable improvements were observed in effluent quality parameters, with treated water meeting or exceeding national 
regulatory standards for pH, BOD, COD, and TSS, enabling safe reuse in cooling, dust suppression, and horticultural 
applications. The economic benefits are significant, with monthly cost savings of approximately ₹8 lakhs, accompanied by 
environmental gains through reduced river water extraction. The results demonstrate that transitioning from a linear to a 
circular water management model enhances operational resilience while promoting long-term environmental 
stewardship. This research highlights that systematic investment in water recycling infrastructure can set new industry 
benchmarks, advancing both sustainable manufacturing and corporate environmental responsibility. 
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1. INTRODUCTION 

Tata Steel’s Gamharia plant, located in Jharkhand, India, stands as a dedicated producer of high-alloy and value-added 
steels, with an installed manufacturing capacity of nearly one million tonnes annually. Commissioned in 1974, the facility 
has earned a leadership position in Special Bar Quality (SBQ) steel manufacturing through the integration of advanced 
metallurgical technologies and innovative operating strategies. Among its most notable process enhancements is the direct 
charging of hot metal into Electric Arc Furnaces (EAFs), which improves thermal efficiency and reduces overall processing 
time (Chadee et al., 2024). The plant’s vertically integrated operations include ore beneficiation, sinter production, lime 
calcination, and captive power generation, factors that contribute to enhanced production efficiency and self-sufficiency. 
Its location in a mineral-rich belt with abundant iron ore and coal reserves offers logistical advantages, complemented by 
captive mining resources that ensure a consistent raw material supply (Verma et al., 2023a). The facility’s product 
portfolio covers a diverse range of steel grades, including carbon steels, bright bar quality steels, and power transmission 
grades. These products cater to multiple industrial sectors such as automotive, oil and gas, aluminum processing, and 
heavy machinery manufacturing. Prestigious clients including Tata Motors, Bharat Forge, Caterpillar, and John Deere, 
illustrate the plant’s ability to maintain high-quality standards and meet demanding technical specifications (Tata Steel, 
2023; Singh and Prasad, 2020). The sustained demand from such industries underscores the plant’s reputation as a 
reliable supplier in both domestic and international markets, driven by its capacity for product customization and 
adherence to stringent metallurgical parameters. 

Steelmaking is inherently water-intensive, requiring significant quantities for cooling systems, descaling, cleaning, and 
material transport. Research indicates that the water footprint of steel manufacturing remains a key environmental 
concern, particularly in regions where industrial growth coincides with water resource pressures (Ande et al., 2025a, 
2025b). At Gamharia, these demands are further influenced by the semi-humid climatic conditions, which feature an 
average annual rainfall of approximately 1,132.9 mm (Central Water Commission, 2021). The facility’s dependence on 
surface water resources necessitates robust conservation measures to prevent over-extraction and ecological stress on 
local river systems. Consequently, water resource management forms an integral component of its operational and 
environmental strategy. In alignment with global sustainability imperatives, Tata Steel Gamharia has transitioned from a 
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linear water-use model to an integrated circular water management framework. This approach employs advanced effluent 
treatment systems, resource recovery technologies, and automated monitoring to maximize water reuse and reduce 
reliance on freshwater withdrawals (Verma et al., 2023b). By enhancing the recovery of process water, the facility 
minimizes effluent discharge volumes, thereby mitigating environmental impacts and achieving compliance with stringent 
regulatory standards (Kumar et al., 2023; Verma et al., 2022a). Such measures not only optimize operational costs but also 
contribute to broader corporate sustainability objectives by lowering the plant’s industrial water footprint and 
safeguarding surrounding aquatic ecosystems (Kumar and Das, 2021; Tata Steel, 2023). This study aims to evaluate and 
enhance water management practices at Tata Steel's Gamharia facility, with a particular focus on recycling and reuse 
strategies to reduce freshwater dependency and minimize environmental impact. The primary objectives are to assess 
current water consumption patterns, identify opportunities for efficiency improvements, and analyze the performance of 
existing treatment and recovery systems. Furthermore, the study seeks to propose sustainable, technology-driven 
solutions that align with regulatory compliance and corporate environmental commitments while ensuring operational 
reliability and cost-effectiveness. 

2. METHODOLOGY 

2.1 Research Design 

The investigation adopts a mixed-methods research framework, integrating both quantitative and qualitative 
strategies to ensure a holistic evaluation of water conservation initiatives. The quantitative dimension focuses on pre- and 
post-intervention analysis of water consumption patterns, while the qualitative aspect draws on on-site observations, 
stakeholder consultations, and a review of relevant literature. Such an approach facilitates not only the measurement of 
numerical improvements but also the contextual understanding of enabling factors and operational challenges (Creswell & 
Plano Clark, 2018). Primary and secondary data were systematically triangulated from diverse sources, including internal 
operational reports, departmental production and utility records, in-situ measurements, and statutory regulatory 
documents. This multi-source design enhances reliability and minimizes potential bias (Saunders et al., 2019). 

2.2 Data Collection Procedures 

Data acquisition followed a structured approach to capture both quantitative indicators and qualitative insights. Water 
consumption records were compiled monthly and annually for major operational units including the Blast Furnace, Direct 
Reduced Iron (DRI) Plant, Captive Power Plant (CPP), and Sinter Plant. Historical baselines were compared with post-
implementation data to evaluate reduction trends. Effluent quality characterization involved collection of representative 
samples from treated and untreated discharge points, analyzed in line with Bureau of Indian Standards and the 
Environment (Protection) Act, 1986, Schedule VI norms. Key parameters such as pH, Biochemical Oxygen Demand (BOD), 
Chemical Oxygen Demand (COD), and Total Suspended Solids (TSS) were measured using standard APHA (2017) 
methodologies. Infrastructure and process documentation captured enabling technologies, including treated water 
conveyance systems.  

2.3 Analytical Framework 

The analysis framework combined comparative performance evaluation with compliance assessment: 

 Quantitative Analysis: Specific Water Consumption (SWC) was calculated as kilolitres per unit of production for 
each plant unit. Freshwater savings were quantified in kilolitres per day (KL/day) and monetized in terms of cost 
reduction (INR/day), factoring in prevailing water tariffs and operational costs. 

 Water Quality Evaluation: Laboratory results for key parameters (pH, BOD, COD, TSS) were compared against 
EPA 1986 Schedule VI standards to determine compliance. Statistical comparisons between baseline and post-
intervention datasets were carried out to evaluate improvement significance. 

 Qualitative Assessment: Thematic analysis was employed to extract recurring patterns from interview 
transcripts and field notes, particularly concerning operational challenges, enabling conditions, and maintenance 
requirements (Braun & Clarke, 2006). 
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3. RESULTS AND DISCUSSION 

3.1 Water Consumption Distribution and Savings Potential 

A detailed assessment of water usage at Tata Steel Gamharia indicates that the highest demand originates from cooling 
and evaporation processes, followed by blowdown/RO reject streams and miscellaneous activities such as descaling. Table 
1 presents the monthly water consumption patterns along with identified saving opportunities. Evaporative losses 
represent approximately two-thirds of the total makeup water demand. Nevertheless, systematic interventions, such as 
recycling, repairing leaks, and process optimization, have enabled the recovery of ~4,439 m³/day. Additional infrastructure 
upgrades, including advanced treatment facilities, can further recover an estimated 2,200 m³/day. 

Table 1. Monthly Water Use and Saving Opportunities 

Unit / Process Water Use (m³/month) Saving Opportunity Contribution (%) 

Cooling / Evaporation 342,578 Loss 67 

Blowdown / RO Reject 51,131 Recycle 10 

Descaling / Other 25,566 – 20,452 Recycle / Reduce 4 – 5 

 

3.2 Effluent Treatment Performance 

The analysis of water quality parameters before and after treatment at Tata Steel Gamharia demonstrates the high 
efficiency of the effluent treatment process. As presented in Table 2, the inlet water had a pH of 7.21, which is already 
neutral, and after treatment, it was slightly adjusted to 7.53, well within the EPA’s permissible range of 5.5 to 9.0. Total 
Suspended Solids (TSS) showed a remarkable decline from 47 mg/L at the inlet to just 11 mg/L at the outlet, which is 
significantly lower than the regulatory limit of 100 mg/L. Biological Oxygen Demand (BOD), a key indicator of organic 
pollution, decreased drastically from 48 mg/L to 4.8 mg/L, far below the allowable threshold of 30 mg/L. Similarly, the 
Chemical Oxygen Demand (COD) dropped from 170 mg/L to 20 mg/L, comfortably meeting the EPA limit of 250 mg/L. 
These reductions confirm that the plant’s treatment facility effectively removes suspended solids, organic matter, and 
chemical pollutants from wastewater. The treated water consistently meets and often surpasses environmental compliance 
requirements, making it safe for reuse in secondary applications such as cooling, dust suppression, and gardening. This 
high-quality output not only minimizes environmental discharge impacts but also supports the plant’s water conservation 
goals by enabling large-scale recycling and reuse. 

Table 2. Comparison of Inlet and Outlet Water Quality with EPA Standards. 

Parameter Inlet (mg/L) Outlet (mg/L) EPA Limit (mg/L) Compliance Status 

pH 7.21 7.53 5.5 – 9.0 Within limit 

TSS 47 11 100 Within limit 

BOD 48 4.8 30 Within limit 

COD 170 20 250 Within limit 

 

3.3 Role of Project Enablers in Water Savings 

Figure 1 outlines the contribution of various operational units at Tata Steel Gamharia towards freshwater savings 
through the reuse of treated water. The Captive Power Plant (CPP) emerges as a major contributor, reusing approximately 
500 KL/day, which translates into daily savings of ₹6,500. The Sinter Plant, although smaller in scale, reuses 100 KL/day, 
resulting in savings of ₹1,300 per day. The Ash Mound operations demonstrate the largest single-unit impact, reusing 800 
KL/day and achieving cost reductions of ₹10,400 per day. The implementation of Mist Beams for dust control also adds 
100 KL/day of treated water utilization, saving ₹1,300 daily. Ancillary uses, such as batching and gardening, account for 70 
KL/day of treated water use, with corresponding savings of ₹910 per day. Similarly, the Direct Reduced Iron (DRI) plant 
reuses 500 KL/day, leading to a further ₹6,500 in daily savings. In total, these initiatives collectively reuse about 2,070 
KL/day of treated water, equivalent to roughly 62,000 KL/month, and deliver an estimated cost reduction of ₹26,910 per 
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day, or nearly ₹8 lakhs per month. This data demonstrates the tangible financial and resource efficiency benefits achieved 
through systematic treated water reuse across multiple operational areas. 

 

Figure 1. Treated water reuse by project area. 

3.4 Department-wise Trends in Water Consumption 

Table 3 (a to d) presents a department-wise breakdown of water consumption, production output, and specific water 
use over three consecutive financial years (FY’23 to FY’25). The data illustrate both absolute consumption trends and 
water-use efficiency improvements within the Captive Power Plant (CPP), Sinter Plant, Blast Furnace, and Direct Reduced 
Iron (DRI) Plant. Across departments, variations are influenced by operational load, production fluctuations, and targeted 
water conservation measures implemented during the reporting period. 

3.4.1 Captive Power Plant (CPP) 

The CPP remains the largest individual water consumer, reflecting its critical role in electricity generation for plant 
operations. In FY’23, the CPP consumed 2,975,032 KL of water to produce 639.22 MU of power, resulting in a specific 
water use of 4.65 L/unit. This figure improved marginally in FY’24, with consumption dropping to 2,855,963 KL for 
630.24 MU of power (specific use: 4.53 L/unit). By FY’25, further efficiency gains brought consumption down to 
2,693,345 KL with a consistent specific use of 4.53 L/unit, despite a decline in total production to 593.93 MU. The 
consistent reduction in water consumption despite fluctuating output reflects successful process optimization and 
increased treated water integration in cooling systems. 

3.4.2 Sinter Plant 

The Sinter Plant, which agglomerates iron ore fines for blast furnace feed, demonstrates relatively stable water use. In 
FY’23, the plant used 62,330 KL of water for a production volume of 599,914 MT, yielding a specific consumption of 0.10 
KL/MT. FY’24 saw a slight increase in water consumption to 63,528 KL with production nearly unchanged at 599,778 
MT, pushing specific use to 0.11 KL/MT. In FY’25, however, both production and water consumption decreased; 
production dropped to 551,293 MT, and water use reduced to 56,562 KL, restoring the specific consumption rate to 0.10 
KL/MT. This indicates operational adjustments and water conservation measures helped counterbalance reduced 
production efficiency. 

Table 3(a). Water consumption and specific use for the captive power plant (CPP). 

Year Water Consumed (KL) Production (MU) Specific Use (L/unit) 

FY’23 2,975,032 639.22 4.65 

FY’24 2,855,963 630.24 4.53 

FY’25 2,693,345 593.93 4.53 
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Table 3(b). Water consumption and specific use for the Sinter plant. 

Year Water  Consumed (KL) Production (MT) Specific Use (KL/MT) 

FY’23 62,330 599,914 0.1 

FY’24 63,528 599,778 0.11 

FY’25 56,562 551,293 0.1 

 

3.4.3 Blast Furnace 

Blast furnace operations, being heat- and process-intensive, are another major water consumer. In FY’23, total 
consumption stood at 446,291 KL with production of 602,679 MT, giving a specific use of 0.74 KL/THM. FY’24 recorded 
a marginal increase in consumption to 449,646 KL, but a higher production output of 645,720 MT lowered the specific 
water use to 0.70 KL/THM, marking an efficiency gain. However, in FY’25, water consumption decreased to 418,547 KL 
alongside a significant production decline to 522,173 MT, resulting in a higher specific water use of 0.80 KL/THM. This 
rise indicates that while absolute consumption fell, reduced production volumes affected efficiency ratios negatively. 

Table 3(c). Water consumption and specific use for the Blast furnace. 

Year Water Consumed (KL) Production (MT) Specific Use (KL/THM) 

FY’23 446,291 602,679 0.74 

FY’24 449,646 645,720 0.7 

FY’25 418,547 522,173 0.8 

 

3.4.4 Direct Reduced Iron (DRI) Plant 

The DRI plant displays more pronounced fluctuations in both water consumption and efficiency. FY’23 figures show 
409,220 KL of water used for 462,929 MT of production, translating to 0.88 KL/MT. In FY’24, despite an increase in 
production to 503,887 MT, water consumption spiked to 479,113 KL, raising specific use to 0.95 KL/MT, suggesting 
either higher operational water demand or increased cooling and cleaning requirements during the period. By FY’25, 
substantial improvements were achieved, with water consumption reduced to 375,749 KL and production climbing 
further to 521,083 MT, lowering the specific consumption to 0.72 KL/MT. This improvement reflects successful process 
modifications and integration of recycled water in core operations. 

Table 3(d). Water consumption and specific use for the Direct Reduced Iron Plant (DRI). 

Year Water Consumed (KL) Production (MT) Specific Use (KL/MT) 

FY’23 409,220 462,929 0.88 

FY’24 479,113 503,887 0.95 

FY’25 375,749 521,083 0.72 

 
4. CONCLUSIONS 

The evaluation of water recycling and reuse practices at Tata Steel Gamharia confirms that the facility has successfully 
transitioned from a high freshwater dependency model to an integrated water sustainability framework. Through the 
implementation of advanced treatment processes, segregated water networks, and targeted reuse interventions, the plant 
has achieved measurable environmental and economic benefits, including consistent freshwater savings of 2,070 KL/day, 
effluent quality compliant with regulatory standards, and significant reductions in operational costs. A particularly 
noteworthy achievement is the extensive use of treated water across multiple operations, which reduces pressure on local 
water resources and supports national water conservation objectives. The study underscores that such systematic 
measures enhance process efficiency, reduce environmental liabilities, and strengthen corporate sustainability credentials. 
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Furthermore, the adoption of resource recovery strategies and advanced monitoring technologies improves operational 
flexibility and ensures the long-term resilience of the water management system. Overall, the findings demonstrate that 
water circularity in steel production is technically feasible, economically viable, and environmentally essential. The model 
established at Tata Steel Gamharia can be replicated in other water-intensive industrial sectors, contributing to both 
national and global strategies for industrial water security.  

4.1 Limitations and future scope of the study 

The study focuses on in-plant water management practices, excluding the wider supply chain and full life-cycle 
footprint. Reported savings are based on operational data and may vary with production changes. Emerging contaminants, 
like microplastics, remain outside this scope. Future improvements include leakage detection, drip irrigation, resource 
recovery from effluents, and decentralized recycling. IoT-enabled monitoring and AI analytics can enhance predictive 
maintenance and optimization. Extending such strategies across the Tata Steel network and other industries offers notable 
environmental and economic gains. 
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