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The current study set out to assess and create long-term solutions for improving environmental performance concerning water use, wastewater production, and treatment at Syntan plant (glass-lined vessel unit) and application laboratory (small-scale leather retanning. Based on evaluations and analyses, best available techniques including water gauging, pressurized vessel washing, dedication of vessels to similar production, reuse techniques, developing commercial grade intermediate products from wash water, managing cooling water and developing reuse methods of reverse osmosis reject water were applied to reduce water consumption and effluent generation in process and non-process activities. Furthermore, the reduced effluent was subjected to treat using electrochemical processes, i.e., electrocoagulation and electro-Fenton, before it was drained to outside environment. As a result of the applications, 0%–100% change was measured in various process and non-process activities, whereas, 12.8%–100% reduction was measured in effluent. Soft cooling water consumption was reduced by 46.7%. The results of treated effluent parameters were compared and found the final removal efficiencies of total dissolved solids (51.4%), total suspended solids (99.2%), chemical oxygen demand (98.5%) and electric conductivity (67.7%). It is concluded that this study can be considered as a successful model to increased water efficiency in chemical industries, Furthermore, it could serve as a building block for the incorporation of cleaner and sustainable production approach into national agenda and to overcome stern issues of high-water and energy consumption and effluent management in different industries.
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1 INTRODUCTION
Globally, a range of chemicals is synthesized from putrescible animal skins using leather tanning, dyeing, smoothing and finishing processes. These chemicals, including basic chromium sulfate, synthetic tanning agents, pigments and adhesives, etc. are used to manufacture the end leather products (Novori and Ohkuma, 2001; Dixit et el. 2015; Navarro et al., 2020). Pigmented chemicals attained by the emulsification of TiO2, Carbon black, FeO2, Pb and Cr containing compounds, give aesthetic effects to leather which generates variety of shades and colors (Kaur et al., 2022). Polymer based chemicals commonly known as adhesives provide appropriate water resistance and compose leather pieces to produce required products. Synthetic tanning compounds are used to enhance the quality and texture of leather products. In addition, surfactants, oils, fat liquors, and acid dyes are produced to provide the necessary and aesthetically pleasing effects in the final leather manufacturing process (Wang et al., 2019).
The manufacturing of these compounds in any sector consumes enormous amount of water and generates considerable volumes of effluent (Saravanan et al., 2021). Consuming freshwater in large quantities has become a significant issue in chemical manufacturing industry, specifically in areas facing water crises (Zehnder et al., 2003; Jury and Vaux, 2007). Primarily, water consumption is segmented into process and non-process activities. Floor and vessel washing, spray drying, etc. are included in non-process activities while process water consumption involves the required quantity of water in manufacturing of abovementioned chemicals (Luo et al., 2015; Ali et al., 2020). These operations result in the production of harmful wastewater, posing a major environmental risk (Alyafei, 2018). The main constitutes of the untreated effluent are the extracts of chemical products such as synthetic tanning agents, adhesives and pigments as well as many other waste ingredients such as surfactants, oils, salts, acids, polymers, dyes, etc (Saravanan et al., 2021). When formaldehyde molecules are concentrated with phenols and amino precursors, a substance known as a “syntan” is created. This substance has the potential to release formaldehyde into wastewater, which is carcinogenic (Mohan et al., 2008; Luo et al., 2015). When these untreated pollutants are released into the environment, they gravitate toward aquatic bodies, where they bioaccumulate in living tissues and multiply through food chains, endangering natural ecosystems (Rabiet et al., 2009). Global efforts are being made to manage effluent discharge and reduce water consumption through the use of sustainable practices, such as best available techniques (BATs) in the chemical manufacturing industries (Ibáñez-Forés et al., 2013; Yılmaz et al., 2018).
The best ways can be devised and put into practice by first installing water flow gauges, then improving washing processes, reusing water, and altering process methods (Meals et al., 2010). Evaporative condenser cooling technology can save 50% of water in comparison to traditional water-cooling systems (HiuMing et al., 2015; Melander, 2017). Because of the increased level of concentration, this technology is expected to significantly minimize cooling water discharge. In recent literature, the adaptation to smart management practices and process altering methods in chemical manufacturing and cooling tower system has reduced water consumption to about 46%–100% in polyethylene terephthalate production resulting in high environmental performance and profitability (Alkaya and Demirer, 2015). In order to reduce wastewater generation, these sustainable techniques may be applied for the reduction of water consumption (Ali et al., 2020). Industries are having difficulty finding sustainable treatment methods for efficient management that comply with environmental regulations, as traditional treatment technologies are costly, energy-intensive, and land-intensive (Moussa et al., 2016).
According to a study of recent literature, electrochemical techniques are among the most economical and energy-efficient options for treating industrial wastewater (Garcia-Segura et al., 2020; Yang et al., 2021). Electrochemical processes include electrocoagulation and electro Fenton or the combination of both using iron electrode or iron catalyst or by adding hydrogen peroxide in one of the Fenton reagents (Ghanbari and Moradi, 2015). Because of the reliability, cost effectiveness and low energy demands of these techniques, they are considered as sustainable (Sahu and Chaudhari, 2013).
The chemical industry in developing nations faces severe challenges from excessive water use and inadequate effluent treatment. The majority of these businesses are found in cities that are already experiencing issues with water scarcity (Koop and Leeuwen, 2016; Chowdhary et al., 2019). Furthermore, the environment and general public health are seriously threatened by conventional effluent treatment methods since they do not meet the standards for the safe disposal of industrial wastewater. A cleaner approach was sought by the current study, which aims to 1) minimize water consumption and reduce effluent generation by applying the best techniques currently available, and 2) achieve efficiency of treatment technologies from syntan plant and application laboratory effluent using Fenton and electrocoagulation.
2 MATERIALS AND METHODS
2.1 Selection of the industry and description of its production
In this study, improving water efficiency was taken as a priority, further the reduced effluent was treated at selected industries; Syntan plant (glass-lined unit) and its commercial laboratory leather tanning in Lahore Pakistan. Before sustainable applications the effluent from this industry was discharged directly to Rohi industrial drain without any treatment. Further description of both units is as under.
2.1.1 Description of syntan plant
Before putting any environmental management methods into action, the Syntan plant was equipped with four glass-lined containers of different capacities and categories (5 Tons (5A), 5 Tons (5B), 3 Tons (3A), and 3 Tons (3B)) as well as a neutralization vessel to monitor the current status. These containers supported the manufacture of compounds that were corrosive or reactive. Producing leather chemicals included making Formeco, super plasticizers, sulfated fat liquor, sugar reduced chromium, naphthalene dispersion agents, and synthetic tanning agents (syntan). Several commercial-grade products were produced with different liquid/powder, solid, and pH concentrations after these groups were further divided (Table 1).
TABLE 1 | The types of chemicals generated by the Syntan factory and their uses in industry.
[image: Table 1]2.1.2 Description of commercial laboratory
The commercial laboratory serves as both a department for commercial activities and as a support system for the Syntan plant manufacture. In order to maintain the homogeneity of the control and experimental groups, wet blue skins are utilized in the majority of leather retention tests to test the qualities of resins. Table 2 lists the raw ingredients and conditions needed for the leather processing recipe (Ashraf et al., 2020).
TABLE 2 | Leather processing procedure and its conditions.
[image: Table 2]2.2 Creating baseline data on wastewater generation and water usage
An environmental performance evaluation was conducted in two stages in order to establish a baseline. In order to gather process-based numerical data on water consumption and wastewater generation, an initial survey was carried out during the first phase. Additionally, historical data from January to October of a chosen year’s monthly production and total water use were examined. Since monthly production was found to be roughly constant, averaging the data or using 1 month’s worth of data had little effect. However, water usage varied according to the production pattern used in the various Syntan plant vessels.
In November of the same year, a thorough evaluation was completed in the second phase to compute monthly production compared to water consumption and the typical production pattern, which was thought to be a reliable baseline before water-saving measures. Specific water usage and wastewater generation were calculated as m3/ton production for environmental performance indicators. Since water reduction and treatment were the study’s primary focus, only the following significant gaps were looked at: i) thorough vessel cleaning following manufacturing, as the primary source of effluent was unintentional chemical production; ii) the water-intensive cooling process; and iii) treating the Syntan plant’s decreased effluent and application lab.
2.3 Implementation of selected options
A number of strategies, such as best available techniques (BATs), were used to reduce the amount of wastewater produced by the leather chemicals manufacturing sector and conserve water (Chung et al., 2013; Yukseler et al., 2017; Khan et al., 2019; Ali et al., 2020). The details of the BATs employed in this study are given as below.
Water flow meters were installed at various locations where the measurement of non-process water consumption was needed.
The implementation of engineering controls, such as pressurized vessel washing systems, is being considered. Additionally, vessels dedicated to comparable production types are being installed to minimize washing, and a new vessel is being installed to manage plant operations.
Utilizing the initial wash of the vessel in the subsequent production run.
The last wash was put to use again to recharge the spray dryer and keep the temperature stable.
New commercial-grade chemicals are produced through chemical treatment and washing water with different solid and pH contents.
Reduction of cooling water usage and associated liquid discharge through the application of engineering and management controls and alternatives.
Reverse osmosis (RO) concentrates can be directly reused for domestic activities without any kind of treatment.
2.4 Effluent sampling method
Effluent sampling was conducted at three Syntan plan and application laboratory locations, both prior to and during the application of the selected options (Figure 1). Location I represents the wastewater outflow from the Syntan plant, whereas, Location II depicts the wastewater leaving the application lab and combining with the wastewater from the Syntan plant at site III. In 500 mL amble bottles, 24 composite samples were collected during the first phase, 24 at location I, 24 at location II, and 24 at location III. Following applications in the Syntan unit, a composite sampling (24 at location III) was carried out in the second phase.
[image: Figure 1]FIGURE 1 | Illustration of effluent sampling locations at Syntan plant and application laboratory.
2.5 Analytical work
The quality assurance lab received all of the samples, and physicochemical characteristics like pH, total dissolved solids (TDS), total suspended solids (TSS), chemical oxygen demand (COD), electrical conductivity (EC), and color were measured. Wastewater was tested for pH, TDS, and electrical conductivity using a multimeter (model = HANNA HI 9811-5). To determine the TDS and COD concentrations, the APHA method 2005 was employed. Three distinct places were chosen to measure the wastewater flow, as shown in Figure 1. A Sensus DN 20 digital water flow meter was utilized for this purpose. The following formula was used to calculate the contaminants’ removal efficiency from the wastewater:
[image: image]
(Where, Co= Initial concentration and Ct = Final concentration).
2.6 Experimental setup of wastewater treatment
To treat the wastewater from the Syntan facility, a lab and pilot scale treatment equipment were developed. Since the goal of the study is to minimize the amount of water used and wastewater produced by the Syntan plant, the reduced effluent from the Syntan and application lab was treated using two sustainable technologies: the Fenton process and electrocoagulation (EC).
A 1000 mL beaker put up simply on top of a magnetic stirring mechanism was the Fenton experiment’s lab-scale configuration (Figure 2). Four wastewater samples (F1, F2, F3, and F4), each containing 1,000 mL, were gathered from position III (Figure 1). Four beakers were filled with wastewater, and the pH was adjusted to 3–4 per the recommendations in the literature (Gökkuş and Oğuz, 2011). for Fenton oxidation. Various concentrations of FeSO4 and H2O2 were utilized to maximize effective treatment of the wastewater. FeSO4 and H2O2 in the ideal proportions (35% w/w) were added, and mixing was done both quickly and slowly afterward. Fenton oxidation is said to occur in two stages: i) oxidation and ii) coagulation. Hydrogen peroxide (H2O2) was introduced during the oxidation process, and it was quickly mixed for two to 3 minutes. The oxidized sample mentioned above was slowly combined for 20 min during the coagulation stage. After settling for 30 min, it was finally filtered to move on to the next step. The procedure helps remove electrolytes from the effluent, the EC system can perform better and achieve the necessary efficiency (Ghosh et al., 2008; Sim, 2015).
[image: Figure 2]FIGURE 2 | Representation of two-stage lab scale setup for treatment of Syntan and Application lab effluent.
After the Fenton method was used, a lab-scale EC plant measuring 0.2 L × 0.1 W × 0.27 H was created from Perspex material. In the reaction chamber, two anode and two cathode electrodes made of aluminum and iron, measuring 23 cm in height by 1 cm in diameter, were employed, respectively. Anode and cathode spacing was adjusted to 4 cm. To run the solar cell, a direct current (DC) power source was utilized (Yilmaz et al., 2018; Ali et al., 2021). Figure 2 displays the electrocoagulation unit’s schematic diagram. One liter of wastewater was added to the lab-scale EC unit to conduct the experiment. To equalize the effluent during treatment, this unit was equipped with a magnetic stirrer agitation device. The system was given a DC supply, which required three amps at first and dropped to half that after 3 minutes. Ten minutes were spent on the entire procedure, plus a further 10 minutes were allocated for the suspended coagulates to settle. After being cleaned, the samples were filtered and sent to a lab to have their water parameters examined.
3 RESULTS AND DISCUSSION
3.1 Analysis of water consumption as a baseline scenario
The Syntan plant’s baseline month starting from October, the plant used 494.54 m3 of water per month for various processes, including the production of softened water through the reverse osmosis process (RO), cooling the heat transfer oil (HTO), and other household and cleaning uses (Table 3). Compared to other product manufacturing processes, the synthetic tanning agents (5.4%), naphthalene dispersing agents (4.1%), and super plasticizer (4%) had the highest overall water consumption percentage during the Syntan product manufacturing processes. Application lab operations accounted for 6.1% of the industry’s total water consumption, while washing accounts for a large portion of the industry’s water consumption (6.5%), both of which are sources of effluent formation. The primary sources of the industry’s effluent discharge, accounting for 224 m3/month along with RO concentrate of 108 m3/month, were vessel cleaning and cooling water, which contributed 28.3% and 17.4%, respectively (cooling of process and HTO). In terms of the study’s reduction of effluent and water use, these locations were the most significant. According to published reports, cooling water can account for up to 85% of the water used overall in the chemical industry (De Nicola et al., 2007; Alkaya and Demirer, 2015). A portion of the overall effluent, 7.2%, came from leather retention procedures, and 0.8% came from sulfated fat liquor in the form of acidic salt water, which was the outcome of other process formulations. Based on the finding, water efficiency measures that target the usage of cooling and washing water in vessels will lower the Syntan plant’s overall water demand. Water was utilized in the retanning studies in accordance with the application lab’s specifications. In order to prevent pollution of the environment, the study concentrated on effluent treatment.
TABLE 3 | Water usage breakdown in production processes as a foundation.
[image: Table 3]In respect to the overall output of each product, Figure 3 depicts the current state of the plant’s vessel cleaning patterns over the course of a month. It is evident that several kinds of vessels were used to prepare the various materials. As the methodology indicated, the manufacturing plant could only accommodate four vessels; hence, there was limited chance for all sixteen items to be manufactured in sequence in four distinct vessels. It took a lot of water to clean every vessel after each manufacturing in this random production to avoid contamination in the next batch of created goods. On day one, all four vessels—5B, 3A, 3B, and 5A—were engaged with the fabrication of F-A, CTN, 245 and RC-GR. On the following day, however, 5B and 5A were busy producing other kinds of goods. A vessel’s blue color shows that it has been thoroughly cleaned before the next production that is required, however other vessels have no need for cleaning because of the daily production requirements (Figure 3). The fact that this activity plan calls for a lot of water for cleaning as well as a loss of product and production time highlights the deficiencies that this investigation found.
[image: Figure 3]FIGURE 3 | Pattern of vessel washing in conjunction with the month-long production of every product.
The primary reason for the industry’s high wastewater output is the total amount of washing water (140 m3/month) utilized in each vessel throughout a month following the application and installation of monitoring equipment (Figure 4). The primary cause of the high discharge was found during surveys to be the intensive vessel washing done without the use of sophisticated equipment or measuring devices. Vessel 5B was used to measure the maximum wash-water water because of its high production and variable cooling and heat-transfer requirements.
[image: Figure 4]FIGURE 4 | Washing water used in all four vessels during a period of month.
3.2 Characterization of syntan plant’s wastewater and commercial laboratory
The Syntan facility produced an effluent that contained leftovers from a wide range of chemicals, including acrylic resins, fat liquors, formaldehyde condensates, and syntans based on phenol, naphthalene, formaldehyde, and melamine (Senthilvelan et al., 2018). Conversely, because of their superior filling tanning actions in the commercial lab, synthetic tanning chemicals were used in the leather processing. There was a major environmental risk since a significant amount of these artificial tannins were released as effluent after remaining unfixed in the tanning bath (Quadery et al., 2015). The initial pollution load at each sampling point is depicted in Figure 5, as is the ultimate pollution load at location III following the application of BATs. When compared to locations II and III, the high COD value (8,300 mg/L) at position I was examined. During comparison, the initial pollution load, site I (the Syntan unit) had the greatest TDS measurement (8,300 mg/L) compared to other locations, while location II (the application lab) had the highest COD value (7,800 mg/L). The syntan and application unit effluent outflow from Location III has a lower pollutant burden than the standalone effluent discharge. After each application, the analytical findings revealed that the initial pollution load was slightly higher than the TSS (1,670 mg/L), TDS (4,370 mg/L), COD (3,730 mg/L), and conductivity (1931 μS/cm) levels before the application. The removal of Syntan plant wastes from the main drain explained the low pollution levels after application; however, the cooling water concentration remained the sole source of the Syntan unit’s effluent discharge. Additionally, the diluting effect of the cooling water effluent in re-tanning wastewater had an impact on lowering the pollutant load at location III. Therefore, it was suggested that effluent treatment be applied in this case.
[image: Figure 5]FIGURE 5 | Physicochemical parameter values from all sampling locations comparing with NEQS.
3.3 Lowering water use by using sustainable management techniques
Given that vessel washing operations account for almost 28.3% of total water usage (Table 1; Figure 4), careful production planning was done to ensure that the products would fulfill consumer needs. The following month saw the implementation of sustainable management techniques, which were then seen in January of the following year. These included the installation of a pressurized washing system, a new production formation based on the similar nature of groups of chemicals in designated vessels, and a reduction in floor washing by replacing mopping. Furthermore, a new 6000 L vessel (G6) was installed for the highest output group (Figure 6). The idea behind designating specific production vessels was to reduce the amount of cleaning required of them so as not to compromise the quality of the subsequent batch of the same kind of product.
[image: Figure 6]FIGURE 6 | A scenario showing dedicated production vessels before and after.
Figure 7 shows the Syntan plant’s revised production pattern that will be put into effect the following month and tracked during the application phase. This month’s measurement of the plant’s total production of 159.2 tons compared to the baseline month’s record of 161.9 tons (November) showed no discernible shift in the industry’s overall production. To minimize vessel washing, it is evident that every chemical group was produced according to a predetermined schedule for the entire month. Six vessels, meanwhile, was insufficient to meet the plant’s high demand for output. Production was conducted on a Formeco group vessel (5B); following batches did not require washing until production was suspended for a few days, which may have resulted in concentrated liquid patches left inside the vessel. The same vessels used in the production of synthetic tanning agents were employed to oversee the fabrication of each product type on different days. For example, the most popular product (245) was produced during the first 8 days of the month without the need to wash the vessels. Because product 806, which has a similar chemical makeup to that of 245 with the exception of pH and total solid content, was made in the same vessel, Table 1; Figure 7. So, in this way, there was no need for washing. Washing the vessel was required while switching to CTN manufacturing in order to prevent contamination. In a similar manner, DIS and CTN were created in order. For the entire month, only three times—on days 10, 18, and 29—was vessel washing necessary (Figure 7). Comparing this arrangement to baseline data, which showed more frequent vessel washing, showed a great accomplishment in reducing non-process water usage.
[image: Figure 7]FIGURE 7 | Sustainable production plan with the use of the greatest methods accessible.
3.4 Recycling and purifying washing water to create new goods
The study also focused on treating and reusing washing water from vessels (3A and 3B) to prevent effluent discharge. It also expanded the production facility and introduced three new commercial-grade products, which are named as sodium sulfate solution (Na2SO4), SFT-10 (Figure 3), and 272 powder. Washing water collected from the vessels after 806 items were produced was stored in a container and utilized again in the production of an identical batch of products with the same quality in the subsequent batch. The study also focused on treating and reusing washing water from vessels (3A and 3B) to prevent effluent discharge. It also expanded the production facility and introduced three new commercial-grade products, which are named as sodium sulfate solution (Na2SO4), SFT-10 (Figure 3), and 272 powder. After 806 products were manufactured, washing water that was obtained from the vessels was kept in a container and used again in the following batch of the same product’s creation with the same quality (Pervez et al., 2015).
It goes without saying that washing water contributes to effluent, but the production of acids and salts in effluent can also be attributed to the sulfonated fat liquor process. For this study, it was difficult to apply the recovery of these residues from wastewater. According to published reports, while making fat liquors, only sodium sulfate can be recovered (Cuq et al., 1998), therefore, it is necessary to describe the process of sulfated fat liquor production as presented by (Kiss et al., 2007; Leung et al., 2010). All sulfated fat liquors (SFT, SFT/10, and S-2106) are created when sulfuric acid and oil react. It is necessary to remove a specific amount of added sulfuric acid that remains unreacted during the procedure in order to stop the development of free sodium sulfate in fat liquor. As a normal procedure, the solution is treated with sodium sulfate to remove excess sulfuric acid. Consequently, the upper oily layer and the high TDS sodium sulfate solution separate into a water layer at the bottom, with the free acid joining the salt solution. Now that the acid salt solution has been separated, unreacted sulfuric acid (Na2SO4 + H2SO4 + H2O) and the originally supplied sodium sulfate are present (Arneth and Dötsch, 2006).
The following reaction can be used to transform excess acid in salt water into sodium sulfate (Na2SO4) by reacting it with caustic soda (NaOH);
[image: image]
A 2,000 kg batch of SFT and 281 kg of sulfuric acid were used in the experiment’s sulfonation process. Unreacted sulfuric acid had to be eliminated in order to produce the required product, so a 17% solution of sodium sulfate and water in 470 kg and 70 kg, respectively, was used for treatment. The finished mixture was gathered, weighing 540 kg (70 kg Na2SO4 + 400 kg water + 70 kg H2SO4). To fully convert 70 kg of H2SO4 into Na2SO4, 57.14 kg of sodium hydroxide (NaOH) were added. This resulted in the production of 101.43 kg of Na2SO4 (Table 4).
TABLE 4 | Net composition of sodium sulfate solution after chemical treatment of acidic water.
[image: Table 4]Following the collection of sodium sulfate solution, the industry was presented with two potential options to prevent the addition of liquid waste from the source. These are as follows:
Solution 1. After treatment, the sodium sulfate solution can be utilized in the following batch once its solid content and pH have been adjusted as needed by the process.
• Treated sodium sulfate solution (28.7%) = 244 kg
• Water = 226 kg
For the next batch of 2000 kg, the total solution is 470 kg (at 14.9% strength).
Solution 2. After adjusting the pH to the proper level, the gathered sodium sulfate solution can be spray dried to produce sodium sulfate powder. This sodium sulfate can be utilized as a powder in future batches of SFT and related products, or it can be used in other Syntan formulations.
3.5 Reduction of cooling water consumption at syntan plant
Given that 19.9% of the industry’s total water usage came from cooling water, a thorough analysis was carried out to improve cooling system efficiency. The cooling of HTO was one of the industrial processes that utilized a single cooling tower to circulate 86 m3/month of water (Table 1). Figure 8 shows the cooling tower circulation. During production, cooling water was circulated in the vessel jacket and used for HTO heat exchange when the process required cold HTO to cool down. When new products were processed in the same vessel, cooling water from the previous batch had to be released from the jacket, which made these two potential sources of water waste before sustainable uses. Each discharge from vessels with a capacity of 3 Tons and 5 Tons, respectively, provided approximately 300 L and 500 L. The manufacturing of synthetic tanning agents and naphthalene dispersing agents also requires heat transfer oil to keep the process temperature between 160°C and 180°C. Prior to the subsequent production, the aforementioned 7.6 m3/month (Table 5) discharged from the vessel jacket was measured during the preceding arbitrary production.
[image: Figure 8]FIGURE 8 | Schematic diagram of water circulation in cooling tower.
TABLE 5 | Cooling water discharges from vessels jackets in a baseline month.
[image: Table 5]Following the production plan, it is evident that the jacket discharge from the vessels was totally eliminated because they were exclusively used for cooling water during production, and the HTO was used to circulate water for the separate vessels containing synthetic tanning agents and dispersants based on naphthalene. Not only did the application save 7.6 m3/month of water, but it also prevented the same amount from ending up in the effluent.
Table 1 describes how 26 m3/month of cooling water was pumped to the heat transfer system before cooled air pumps took its place. According to published reports, air pumps can be utilized in place of water-based cooling systems (Arneth and Dötsch, 2006; Alkaya and Dermirer, 2015). The chemical sector can use more sophisticated techniques, including readily available air-cooled pumps, to reduce the amount of water in cooling operations (Warner 2006; Deziani et al., 2017). The greatest substitute, more ecologically friendly and energy-efficient than a water-cooling system, was an air-cooled pump (Ali et al., 2020). Two air-cooled pumps were built to cool down heat transfer oil based on literature, which reduces the industry’s overall water use by 8%. As a result, the cooling tower’s feed water flow was decreased from 86 m3/month to 52.8 m3/month.
Effluent came from cooling water blowdown, excluding all other applications. After establishing a water balance that showed insufficient effluent reduction, evaporation and drift losses were measured at 1 m3/month; this number has also been documented in literature (Alkaya and Dermirer, 2014). Since freshwater is the source of the feed water, it was observed that the cooling tower underwent three to four cycles of concentration. Table 6 provides a comparison of this condition with other investigations. Studies have indicated that using softened water can increase the cycle of concentration (Abbas et al., 2015), however, this study’s freshwater quality is suitable for cooling tower systems, as shown by previous research (Siddique et al., 2021).
TABLE 6 | Comparison of cooling water management with literature.
[image: Table 6]3.6 Reuse of softened water
The majority of the water used for process operations was reverse osmosis (RO) softened water, which made up 88.54 m3/month of the total. Of the effluent that was discharged down the drain, 55%, or 108 m3/month, is the RO contract percentage that is being tracked. After application, RO concentration was repurposed for usage in plantations and other domestic settings. Prior studies have indicated that RO concentrate with values ranging from 70% to 80% can be recycled directly for various industrial applications (Khan et al., 2019).
3.7 Percentage of water and wastewater usage that was reduced both before and after application
After 3 months of application in process and non-process activities, Figure 9 illustrates the overall reduction in effluent generation and specific water usage. There was a significant reduction in water consumption measured in cooling water delivered to HTO (100%), vessel washing (98%) and floor washing (90%), whereas, the effluent was significantly reduced in process (100%), vessel washing (100%), RO concentrate water (100%), and floor washing. Cooling water continued to be a source of effluent as blowdown, as described in the cooling water section. The industry’s total water consumption and discharge increased by 24%, with a 78.8% increase in wastewater generation.
[image: Figure 9]FIGURE 9 | Particular water usage and particular effluent release at the Syntan facility both before to and following application.
3.8 Effluent treatment by Fenton process
Following all sustainable applications, the Syntan and application lab’s reduced effluent was treated before being discharged into the outdoors. Because of the high concentration of electrolytes in this effluent, the Fenton technique was employed. A lab-scale system was designed specifically to process the reduced effluent. Figure 10 depicts the optimization of the Fenton process’s treatment efficiency for the samples (F1, F2, F3, and F4) collected at location III after applying water consumption. To achieve desirable results, the pH was raised to the acidic side (pH = 3) (Gökkuş and Oğuz, 2011). When compared to other samples, sample F1 had the greatest achieved TDS removal efficiency—nearly 50% (Figure 10A). This suggests that a small amount of Fenton reagent can significantly reduce TDS in re-tanning and cooling tower blow-down effluent. When the removal effectiveness of sample F3 with TSS (99%), COD (89.6%), and conductivity (48.3%) was compared to other samples, the results revealed that the dose of FeSO4 (1g) and H2O2 (2 mL) was the most successful Fenton process treatment (Figures 10B–D). In addition to other characteristics, the effluent color changed slightly during treatment, going from rose beige in F1 to dark orange in F2 and light orange in F3, F4, and so on. The mean value of before treatment and standard deviation of all samples has sown in Figure 11 which shows the less chances of differences between final results. Although, sample F3 was chosen due to higher COD and conductivity removal efficiency subjected to electrocoagulation treatment to lower the pollutant load in comparison to national emission quality standards (NEQS).
[image: Figure 10]FIGURE 10 | Outcomes of optimization using various Fenton process dosages in comparison to four effluent samples and parameter removal efficiencies. (A) The percentage elimination effectiveness of TDS at different FeSO4 and H2O2 dosages. (B) The percentage of TSS removed with varying FeSO4 and H2O2 dosages. (C) The percentage of COD that is removed efficiently when FeSO4 and H2O2 dosages are changed. (D) The percentage of electrical conductivity that is removed efficiently using different FeSO4 and H2O2 dosages. (E) Color removal using varying Fenton reagent dosages for all samples.
[image: Figure 11]FIGURE 11 | Statistical difference between treated samples against the selected parameters.
3.9 Effluent treatment using electrocoagulation
The results of sample F3 employing EC treatment following the Fenton process are shown in Table 7. 13.4%, 20%, 86%, and 37.6% of TDS, TSS, COD, and conductivity were removed with corresponding efficiency. TDS, TSS, COD, and conductivity were found to have ultimate removal efficiencies of 51.4%, 99.2%, 98.5%, and 67.7%, respectively. When combined, chemical and electrocoagulation can produce a COD elimination effectiveness of approximately 98%. Since all values were ultimately below the NEQS’s allowable limits, the study’s chosen parameters produced outstanding results. The treated wastewater can be further reused in a variety of industrial applications or can be decentralized utilizing reverse osmosis into the industry’s process activities, as evidenced by the colorless effluent that was produced as a result (Blandin et al., 2016).
TABLE 7 | Results of Syntan’s physicochemical parameters and application lab effluent following lab-scale treatment Fenton technique and electrocoagulation.
[image: Table 7]4 CONCLUSION
The best ways to lower total water consumption (25.8%) and effluent generation (79.5%) were found in the Syntan plant study and the commercial application retanning laboratory. These techniques included process tweaks, engineering adjustments to the cooling system, and scheduled production in reactor vessels that were already available. Additionally, these applications help produce novel compounds of a commercial grade, like salts (Na2SO4) and powdered synthetic tannins, which have a positive economic impact on the business. Significant progress has been made in reducing the pollution load in wastewater discharge from the industry thanks to planned sustainable treatment options of the Fenton process (with optimal doses of FeSO4 and H2O2) and then applied electrocoagulation at lab-scale of reduced effluent from the retanning application lab and Syntan unit. Additionally, the study can be applied to decentralization options, where wastewater treated by reverse osmosis and ultrafiltration can be recycled in process activities, resulting in almost zero liquid discharge from the industry when implemented on a larger scale.
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