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The tannery industry is characterized by the consumption of a large quantity of water, around 30—40 m3 for processing
1000 kg of hide or skin. This amount becomes wastewater, containing about 300 kg of different chemicals, mainly
refractory organic compounds, with high chemical oxygen demand (COD), total dissolved salts (TDS), chromium, and
evolution of toxic gases, such as ammonia and sulfides, etc. The remaining tanning chemicals are released as effluent
having high resistance against biological degradation, becoming a serious environmental issue. The Zero Liquid
Discharge (ZLD) system serves to ensure zero water emission, as well as treatment facilities by recycling, recovery, and
reuse of the treated wastewater using advanced cleanup technology. The international scenario shows the implementation
of ZLD thanks to pressure from regulatory agencies. The ZLD system consists of a pre-treatment system with
conventional physicochemical treatment, tertiary treatment, softening of the treated effluent, reverse osmosis (RO)
treatment for desalination, and thermal evaporation of the saline reject from RO to separate the salts. By adopting this
system, water consumption is reduced. Moreover, ZLD also becomes effective in disaster mitigation in areas where the
tannery industry is a strong economic actor.
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| 1. Introduction

The leather industry is an important contributor to the global economy, as the annual global trade reached up to USD 414
billion in 2018, producing a broad range of leather products (footwear, clothing, gloves, handbags, purses, hats, and
wristwatch straps) from the rawhide, where 95% of the raw materials are the by-products of meat and dairy industries [H[2],
Asian and European countries are the global leaders in exporting leather products with 48.5% of the worldwide export
sale, as plenty of raw material is easily accessible in those nations 3.

The tannery sector is a part of the leather processing industry where the raw leather is converted into finished material. It
is considered the most contaminating sector due to the generation of toxic pollutants in every step of the process [,
Global leather tanneries process 17 million tonnes of hides and skins per year, generate 600 million m3 of tannery
wastewater (TWW), and discharge 350 million m? of treated wastewater back into the environment [, To convert rawhide
into finished leather, the rawhide must undergo several mechanical and chemical processes. It is estimated that 30 L of
effluent is generated for the processing of 1 kg of rawhide €. The tanning industry utilizes 30 to 40 m? of water and about
300 kg of chemicals for processing 1 tonne of rawhide . Only 20% of the raw materials are converted into usable leather
products, whereas more than 60% of the raw materials are converted into solid and liquid waste .

| 2. Tanning Process and Related Environmental Issues

Leather manufacturing has four basic stages for processing the raw leather into finished leather, namely, the beam house
stage, tanning stage, post-tanning, and finishing stage, each of them based on 10 to 15 operational steps generating solid
and liquid waste, as shown in Figure 1 B8], Raw leather is composed of three layers, namely, the dermis, epidermis, and
subcutaneous layer, with the dermis layer consisting of 30-35% of the protein collagen, and the remainder being water
and fats 19, The tanning process involves the reaction between the collagen and chemicals to convert putrescible hide
into non-putrescible hide . To increase the hydrothermal stability of the leather, a basification process is employed,
where hides soak in tanning liquor to fix the tanning material to the leather 121,
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Figure 1. Stages of the leather manufacturing sector with wastewater generated in each of them.

| 3. Clean Technology Approach in Tanneries

Circular economy practices are an integral part of sustainable development to meet the present needs without
compromising the needs of the future. The “6R” principle (reduce, reuse, recycle, recover, redesign, and re-manufacture),
which is an evolution of the “3R” principle (reduce, reuse, and recycle), is currently being followed by industries to reach
the Sustainable Development Goals by 2030 18l |n tanneries, waste minimization can be achieved through adopting
cleaner technologies, as these processes aim to replace or avoid the usage of harmful chemicals and eliminate the
generation of hazardous wastes. Five clean technology approaches can be considered in leather tanning processing:

« High chrome exhaustion: this approach reduces the discharge of chrome by 91% by working without float in the
tanning process and replacing formic and sulfuric acid with sulphonic aromatic acid in the process. This approach is
42% more economical than the traditional tanning one 141231,

« Use of enzymes in the dehairing bath: enzymes are added in the soaking phase to improve the water uptake and to
degrade the proteins and fats present in the skin 8. This approach reduces the processing time.

« Precipitation of chrome: to recover and reuse chrome in spent liquor by raising the pH to minimize the solubility of
chromium in the liquor 7,

« Recycling the dehairing bath: instead of discharging it to the treatment plant after a single use, it can be reused after a
simple filtration (28],

« Recycling the chrome tanning bath (can reduce chrome use by 20%): reusing the contents in the tanning bath after a
simple filtration process 12!,

| 4. Need for Water Recycling in Tanneries

In the tannery industry, water consumption has raised concerns about the availability of freshwater, as the World Bank has
estimated that the water demand could increase by over 650% in the next three decades 29, Water consumption is a
major issue in tanneries, and great strides have been made to reduce and recycle water. Water usage can be reduced by
55-58% by using the cleaner technology approach, and recycling the wastewater derived from the pre- and post-tanning



process can reduce water consumption by 67% [21. Minimizing water usage in the leather process can also decrease the
treatment cost of the effluents 1. Treatment of TWW is a multistage process (primary, secondary, and tertiary
treatments), where the effluent is treated to reduce the pollution load. In this way, the water can be reused or discharged
into the environment after the treatment itself 22, However, the pollutants, especially the metals, are not completely
removed from the wastewater but transferred to disposable sludge. The treated water can be recycled back into the
tanneries for non-potable purposes. For the safe disposal of treated wastewater into the environment, it must meet the
discharge standards set by the pollution control board 23],

| 5. Zero Liquid Discharge system

The brine solution discharged from a CETP has always high salinity (TDS = 15-25 g/L) and poses a high risk to health
and the environment, as it cannot be used for irrigation or discharged into water recipients 24. Due to the environmental
impacts caused by these pollutants, many countries have laid down strict treatment policies and adopted ZLD for the
treatment of TWW (22, The ZLD system uses a closed water cycle technique so that no water is discharged from the
tannery. This eliminates the risk of water contamination by brine discharge and maximizes water usage 231281 7| D can be
achieved through the following methods: thermal evaporation, reverse osmosis, electrodialysis, forward osmosis, and
membrane distillation. Compared to other technologies, membrane technology is eco-friendly, and it is known to achieve a
higher degree of separation without the use of chemicals and thermal energy and has shown to be a promising
technology to achieve ZLD in the tannery industry 24, The ZLD system allows the treatment facility to reclaim and reuse
the treated wastewater by employing advanced wastewater treatment technology 28,

5.1. Thermal-Based ZLD Systems

In the early stage of ZLD development, the systems were based on stand-alone thermal processes, where the wastewater
generated from the conventional treatment plant was typically evaporated in a brine concentrator followed by a brine
crystallizer or evaporation pond, as shown in Figure 2. Thermal desalination technologies such as mechanical vapor
compression (MVC), multi-effect distillation (MED), and multistage flash (MSF) have been extensively used in seawater
desalination plants 2. MVC is employed in the ZLD systems of tanneries, where the feed water is mixed with brine slurry
through the tubes of a heat exchanger, and superheated steam is used to evaporate the brine slurry by heat exchange
(39 Brine concentrators are capable of achieving 98% water recovery with solid concentrations up to 250 g/L B, Then,
the concentrated brine is fed into a crystallizer for further water recovery by pumping through a submerged heat
exchanger B2, The treated water is collected and recirculated to the tannery sector for reuse. At the end of the ZLD
system, salts are produced as by-products. They can be either disposed of through landfills or recovered as valuable salt

products 23],
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Figure 2. Schematic illustration of thermal- and RO-based ZLD systems.




5.2. RO-Based ZLD Systems

When combined with a conventional thermal-based ZLD system, RO technology can decrease the volume of slurry
entering the brine concentrator, thereby reducing energy consumption in MVC. RO eliminates the irreversible losses
associated with evaporation and condensation in thermal processes 4. This membrane section is located before the
MVC brine concentrator to preconcentrate the feedwater so that it can reduce the load on the concentrator, as shown in
Figure 2. RO uses around 2 kWh/m? of wastewater, which is much lower than the consumption of the combination MVC
concentrator + crystallizer (35,

| 6. Critical Assessment of ZLD Economics

The ZLD system is employed to ensure and enable the treatment facility to recycle, recover, and reuse treated
wastewater. Installation of the ZLD system requires substantial capital costs and poses a great challenge technically and
financially for tanneries. When ZLD systems for tanneries were installed for the first time, operation and maintenance
costs were 7—10 times higher than the conventional effluent treatment plant B8IE7l Accumulation of solid waste from the
system is one of the drawbacks of the ZLD system as it offers no re-use potential, being a mixture of salts. Despite
benefits including yielding freshwater, the cost is still prohibitively high 8], even if the reduction in RO reject can
drastically reduce the operational cost 32,

The energy required by a RO system is greatly utilized for pumping. The power consumption of the RO section is about
50% of the total treatment costs. The other costs are 37% for fixed costs, which include insurance and capital investment
amortization, 7% for maintenance, 5% for membrane replacement, and 1% for labor and consumable chemicals 1491,
Membrane pretreatment (MF, UF, and NF) of wastewater to feed to RO can increase the life of the RO membrane,
reducing the cost of membrane replacement 43, This operation has become mandatory for the sustainable approach in
the ZLD system. Bench-scale and pilot-scale studies are being conducted to reduce the cost of implementing ZLD
technology (42,

When ZLD is applied in tanneries, the method of action for dealing with the RO reject water must be specified. Solar
evaporation pond is a traditional method that has been employed, but the land required for the pond system is high and
the average evaporation rate is estimated to be 2.54—-10.16 mm of water/day 3. It is an effective method, especially in
countries with warm weather conditions, as it can increase the evaporation rate. A sprinkler system in the pond can
accelerate the evaporation rate. The evaporation ponds must be sealed with liners to avoid groundwater contamination
and soil salinity 4, The drawback is that water is not recovered, and the system is not effective during rains. Installing a
multiple-effect evaporator can overcome this drawback. This technique allows the recovery of the evaporated water as
condensate, with its recirculation into the industry for reuse 4],

The ZLD process has considerable capital and operating costs, but the system recovers 75% of the water and recycles it
back for reuse, thus reducing the demand for freshwater (48], Because of the impacts of the saline water on the
environment, evaporation of this saline reject water to dryness is the only possible approach to disposal. This process of
converting the salt liquor into solid waste forces additional charges on the ZLD system. The generated solid waste is
composed of a mixture of salts such as chlorides, sulfates, carbonates, and nitrates, which raises the disposal problem for
the tanneries, as the evaporated salts cannot be used for any other purposes 4. The salt disposal would bring in
additional costs that would make the whole ZLD system much more cumbersome. The capital investment and the
operation cost challenge the sustainability of the whole system.
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